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GENERAL INTRODUCTION

Intra-abdominal infections

The term ‘intra-abdominal infection’ refers to inflammatory responses of  the abdominal 
cavity due to activation of  the (native) immune system usually in response to microorganism. It 
represents a wide spectrum of  diseases with a variety in causes and severity. When inflammation 
(without bacteria) or infection (with bacteria) is isolated to a single organ or component, and no 
anatomical disruption is present, the process is usually described as an ‘uncomplicated intra-
abdominal infection’. A ‘complicated intra-abdominal infection’ occurs when the infection 
extends into the peritoneal cavity, the space formed by a mesothelial membrane covering 
the abdominal viscera, the peritoneum.1 The resulting infection of  the peritoneum is also 
referred to as ‘secondary peritonitis’. In contrast, ‘primary peritonitis’ describes infection 
of  the peritoneum without a source within the abdomen, in general due to bacteria from 
the bloodstream entering the abdomen. ‘Tertiary peritonitis’ entails an ill-defined entity and 
usually describes persistent or recurrent secondary peritonitis after initial adequate treatment. 
The term tertiary peritonitis should be avoided. As secondary peritonitis is the most frequent 
form of  peritonitis, this term is used interchangeably with (complicated) intra-abdominal 
infection. When an intra-abdominal infection is confined (walled-off) within a limited area of  
the abdominal cavity as result of  the unique defence mechanisms of  the peritoneal cavity in 
particular the peritoneal layer and the omentum, an intra-abdominal abscess may form. 

Diagnosis of intra-abdominal infections

Diagnosis of  an intra-abdominal infection is based on symptoms and clinical findings, by 
laboratory investigations and diagnostic imaging. Typically, a patient with an intra-abdominal 
infection presents with abdominal pain and symptoms of  gastro-intestinal dysfunction such 
as anorexia, vomiting, diarrhoea, or obstipation.2 Of  all patients presenting with acute abdo-
minal pain at the Emergency Department, approximately one in two has some form of  an 
intra-abdominal infection.3 Especially complicated cases of  intra-abdominal infections can 
cause concomitant sings of  systemic inflammatory responses, characterized by fever or 
hypothermia, tachycardia, tachypnoea, and vital organ failure.4 On clinical examination, there 
may be tenderness on palpitation of  the abdomen. Diffuse abdominal pain and generalised 
tenderness are often symptoms of  a complicated infection. Although physical examination 
can provide valuable information, findings are notoriously nonspecific and clinical evaluation 
alone has been shown to have limited diagnostic value.3

The usual first step after mere clinical evaluation in the diagnostic work-up of  a patients 
with a suspected intra-abdominal infection is laboratory testing of  blood.5 Commonly used 
markers of  inflammation are white blood cell (WBC) count and serum C-reactive protein 
(CRP) level. Measurement of  these inflammatory markers is widely available and well 
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established in routine clinical practice. Although both markers rise rapidly in response to an 
inflammatory or infectious process, they are non-specific and are therefore limited in their 
ability to discriminate between different types and causes of  infections. Combined with 
information from medical history and physical examination, these inflammatory markers may 
aid in a distinction between non-urgent and urgent conditions, the latter including most intra-
abdominal infections.3

Diagnostic imaging studies may serve as the definitive diagnostic approach in patients 
with a suspected intra-abdominal infection.6 The role of  imaging is to define the cause 
before a treatment strategy is chosen. The most widely used imaging modalities for suspected 
abdominal infections are ultrasound and computed tomography (CT). Ultrasound imaging 
has the advantage of  being non-invasive and widely available.6 Intra-abdominal abscesses, free 
intra-abdominal fluid or air, and certain specific diagnosis can well be made on ultrasound. 
However, its diagnostic accuracy is operator dependent and certain patient characteristics such 
as obesity or the presence of  a paralytic ileus hamper performance. Computed tomography, 
preferably enhanced with oral and intravenous contrast, is superior in terms of  diagnostic 
performance for most intra-abdominal infections.7 Drawbacks of  CT include exposing the 
patient to ionizing radiation, the risk of  contrast-induced nephropathy, costs and availability 
out of  office hours. 

Acute appendicitis

One of  the most common intra-abdominal infections is acute appendicitis.8 It is the most fre-
quent underlying condition in patients presenting with acute abdominal pain in the Emergency 
Department.3 Approximately 16 000 appendectomies are performed in the Netherlands each 
year, more than any other emergency operation.9 Despite its high incidence the underlying 
cause for infection of  the appendix vermiformis remains unclear. The classical symptoms of  
acute appendicitis include diffuse abdominal pain, which progresses and migrates to the right 
lower quadrant of  the abdomen with localized rigidity. However, this classical presentation 
is not frequently encountered, and the clinical diagnosis of  appendicitis is therefore not 
straightforward.10 To enhance diagnostic accuracy, imaging is now widely applied in the 
diagnostic work-up of  patients with suspected appendicitis. Both ultrasound and CT are 
commonly used, but the optimal diagnostic strategy is still under debate. Furthermore, surgical 
resection of  the appendix as the only appropriate treatment is being questioned. During the 
last decades, conservative management with antibiotics of  uncomplicated cases of  appendicitis 
is suggested to be a safe and effective alternative.11 This new approach does entail the new 
diagnostic dilemma of  the need to preoperatively distinguish between uncomplicated and 
complicated (gangrenous or perforated) appendicitis.
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Postoperative intra-abdominal infections

Another frequently encountered class of  intra-abdominal infections are postoperative infections 
after primary surgery. Of  all severe cases of  secondary peritonitis, approximately one in four 
develops postoperatively.12 Furthermore, up to 19 per cent of  patients undergoing elective 
abdominal surgery have been reported to develop postoperative peritonitis, either by leakage 
of  a constructed anastomosis or as an abscess arising from residual intraperitoneal bacteria.13 
Especially patients initially surgically treated for an intra-abdominal infection have a high risk 
of  postoperative recurrent or ongoing abdominal infection.13 Postoperative peritonitis may 
also be the result of  inadvertent and undetected injury to the bowel during surgery. Prognosis 
of  postoperative intra-abdominal infection is worse compared to other forms of  secondary 
peritonitis. The high mortality rate is explained by the pre-existing activation of  an inflammatory 
response due to previous surgery, followed by a second hit due to the subsequent infection of  
the peritoneal cavity.14 Diagnosis of  postoperative intra-abdominal infections is complex as 
symptoms are difficult to distinguish from the normal postoperative inflammatory responses.15 
The classical symptoms of  abdominal pain, fever and a rigid abdomen are often lacking or 
already present after surgery, and presentation is more insidious. Furthermore, inflammatory 
markers are increased even during an uneventful postoperative period because of  ‘normal’ 
surgical tissue damage. Diagnostic imaging is usually required to diagnose postoperative intra-
abdominal infections, but even then, the diagnosis may be difficult or at least uncertain.

Catastrophic outcomes of intra-abdominal infections

The surgical conditions affecting the abdomen “which can assume catastrophic propor-
tions” are many.16 The end results of  these situations have been referred to as ‘abdominal 
catastrophes’, although this term is not well defined. Some have used the term to describe 
abdominal conditions that, if  not surgically treated, lead to an inevitable death, the most 
‘catastrophic’ outcome of  all.17 The majority of  reports on abdominal catastrophes, however, 
describe the devastating complications of  intra-abdominal infections, and the surgical decisions 
they may require. 

Among the frequently described ‘abdominal catastrophes’ are situations following 
surgery for intra-abdominal sepsis, when primary closure of  the abdomen is impossible 
due to visceral oedema resulting in an open abdomen or ‘laparostoma’. 18 In approximately 
10 per cent of  patients undergoing surgery for secondary peritonitis primary closure is not 
possible.12 In other treatment strategies the abdomen is sometimes deliberately left open in fear 
of  intra-abdominal hypertension or abdominal compartment syndrome. An open abdomen 
with temporary abdominal closure has also been used in situations where a one or multiples 
reoperations are needed to get the abdominal disease under control. A surgical strategy with 
planned relaparotomies for secondary peritonitis has been shown inferior to an on-demand 
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relaparotomy strategy.12 However, in recent years some surgeons use a strategy of  damage 
control surgery and leaving the abdomen open, thus far practised in trauma patients, in 
peritonitis patients with dubious results and lacking solid data.19

To protect the viscera in an open abdomen some form of  ‘temporary abdominal closure’ 
is applied, for instance by sowing an absorbable synthetic mesh to the medial edges of  the 
abdominal fascia. Other temporary closure devices such as a Bogota (plastic) bag or negative 
pressure wound therapy have also been applied. Ideally, delayed fascial closure is obtained 
during one of  the subsequent reoperations, but in the majority of  peritonitis patients this 
cannot be achieved.20 Early mortality rate in patients with an open abdomen and abdominal 
sepsis is high, with reported rates of  approximately 25 per cent.20 The long-term consequence 
of  an open abdomen, in case delayed fascial closure is not achieved, is a complete disruption of  
the normal anatomy of  the abdominal wall. The resulting large abdominal defect (abdominal 
wall hernia or ventral hernia) can be severely invalidating. Surgery to reconstruct this defect, 
after a prolonged period during which a neo-peritoneal cavity forms, is challenging and not 
without risks.21 

Other catastrophic outcomes of  severe peritonitis include conditions resulting in the 
necessity to divert into a proximal stoma. The potential consequence is excessive secretory 
losses of  bowel contents, with malabsorption of  macronutrients, water and electrolytes. 
The corrosive output may irritate surrounding skin, and stoma care is usually complex 
and challenging. Nutritional support may be necessary to meet metabolic requirements. 
Another feared postoperative complication of  an abdominal infection is the formation of  an 
enterocutaneous fistula. This abnormal connection between a bowel segment and the skin 
typically arises as a result of  abdominal surgery with intra-abdominal infectious complications. 
Associated morbidity is high, and loss of  bowel contents through the fistula frequently leads to 
malabsorption, comparable to a proximal stoma.22 An open abdomen is particularly prone to 
fistula formation. These fistula are referred to as ‘entero-atmospheric fistula’, and are associated 
with severe wound management problems and refractory forms of  intestinal malabsorption.

Acute intestinal failure

With improvements of  peri-operative care, patients more frequently survive the initial period 
of  abdominal sepsis associated with abdominal catastrophes. As a result, the need for long-
term management is more frequently encountered. Loss of  bowel contents from a fistula 
or proximal stoma may ultimately lead to the necessity of  intravenous supplementation, a 
state called ‘acute intestinal failure’.23 Whereas historically intestinal failure was associated 
with chronic or congenital digestive diseases, interest and awareness for temporary and 
reversible intestinal failure has increased. Patients with acute intestinal failure are severely 
ill and are at risks of  developing septic, metabolic and nutritional complications. Care for 
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these patients is complex and characterized by challenging skin, wound and stoma care. In 
addition, management requires provision of  complex home (nutritional) care, which entails 
its own unique associated difficulties. After several months, when the patients’ status permits, 
surgery to restore intestinal continuity and function, and reconstruction of  the abdominal wall, 
can be considered. 

OUTLINE OF THE THESIS

This thesis is divided into two parts. The first part focuses on the diagnosis of  intra-abdominal 
infections. The second part explores different aspects of  management of  the catastrophic 
outcomes of  abdominal infections.

PART I: Diagnosis of intra-abdominal infections

Abdominal pain is one of  the key symptoms of  an intra-abdominal infection. Of  all patients 
presenting with acute abdominal pain a substantial portion has an intra-abdominal infection, 
but the variety of  underlying diseases in this diverse group of  patients makes diagnosis difficult. 
The inflammatory markers WBC count and CRP are routinely determined. Although the 
diagnostic value of  these markers for most specific diagnosis is low, they could help discriminate 
between non-urgent conditions and urgent conditions, including most intra-abdominal 
infections. In Chapter 1 this potential ability of  WBC count and CRP is evaluated in 2691 
patients presenting with acute abdominal pain at the Emergency Department. 

In addition to clinical evaluation and laboratory tests, imaging is usually added to 
the diagnostic work-up of  patients with abdominal pain, with CT being the most accurate 
modality. Whether or not contrast enhancement of  CT provides additional value is under 
debate. Chapter 2 summarizes and evaluates the available literature on different contrast 
regimens for CT imaging performed in patients with acute abdominal pain. 

Acute appendicitis is the most common intra-abdominal infection, with a life-time risk 
of  developing appendicitis of  approximately 7 to 8 per cent.24 Nevertheless, the diagnosis of  
appendicitis remains a clinical challenge. Blood test are routinely performed in patients with 
suspected appendicitis, but the inflammatory markers WBC count and CRP level are known 
to fall short as independent diagnostic markers.25 In Chapter 3 the accuracy of  the combination 
of  these inflammatory markers related to duration of  symptoms for diagnosing appendicitis 
is evaluated. 

Since conservative treatment is now suggested as alternative to appendectomy for 
uncomplicated appendicitis, it is of  great importance to be able to differentiate between com-
plicated and uncomplicated cases before treatment decisions are made. In Chapter 4 a scoring 
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system based on clinical and imaging features to distinguish uncomplicated from complicated 
appendicitis is developed. 

Although CT is known to be the most accurate diagnostic imaging modality for acute 
appendicitis, it has several drawbacks. To minimize the number of  performed CT scan, while 
maintaining diagnostic accuracy, a conditional CT strategy can be applied. This strategy 
entails ultrasound in all patients with acute abdominal pain, with a subsequent CT-scan after 
inconclusive or negative ultrasound results. This strategy is proven to be the preferred strategy 
for unselected patients with acute abdominal pain.3 Whether this also holds for selected patient 
with clinical suspicion of  acute appendicitis is evaluated in Chapter 5.

Postoperative intra-abdominal infections form a special class of  abdominal infections 
given their poor prognosis and diagnostic challenge. Following elective abdominal surgery, 
abdominal infectious complications have a major influence on outcome. The inflammatory 
marker CRP has been suggested to be useful as tool to select patients for an early and safe 
hospital discharge. In Chapter 6 the available literature regarding CRP and its association with 
infectious complications following abdominal surgery is systemically reviewed.

In particular operations for intra-abdominal infections are associated with postopera-
tive abdominal infectious complications or ongoing infection. Early recognition of  these 
complications is vital, but the diagnosis is complex. In Chapter 7, a decision tool, previously 
developed to guide postoperative management in patients operated for secondary peritonitis, 
is externally validated.

PART II: Management of catastrophic outcomes of intra-abdominal infections

The abdominal compartment syndrome is a life-threatening condition characterised by an 
increase of  pressure within the abdominal cavity. It can occur in a wide range of  critically 
ill surgical patients, including patients with abdominal sepsis, and is associated with a high 
mortality rate. Hypertension of  the abdominal compartment was long neglected, but interest 
and awareness has risen. Chapter 8 sets out to analyse the increasing number of  publications 
on the abdominal compartment syndrome, and discusses the topics and findings of  the main 
clinical studies.

The open abdomen and temporary abdominal closure is seen in a variety of  surgical 
patients. Intra-abdominal infection differs from the other conditions as success rates seem to 
be lower while the risk of  the most feared complication, formation of  an entero-atmospheric 
fistula, is higher. The available literature on the open abdomen, specifically in patients with 
peritonitis, is systematically reviewed and evaluated in Chapter 9.

Acute intestinal failure may develop as consequence of  a constructed proximal stoma 
for bowel perforation or leakage or due to an enteric fistula. Management is complex, and 
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specialized care is needed to be able to achieve enteral autonomy. In Chapter 10, outcome of  
patients with acute intestinal failure, managed by a specialised team, is evaluated.

An important aspect of  reconstructive surgery for the long-term outcomes of  abdo-
minal catastrophes is restoration of  the abdominal wall. As these surgical procedures are 
usually complicated by the presence of  contamination, synthetic material to augment the 
reconstruction is frequently perceived as contra-indicated. New methods and materials, 
predominantly biologic meshes, have been introduced over the last few decades and have 
provided alternatives for these complex reconstructions. In Chapter 11, all available evidence on 
techniques for the reconstruction of  contaminated abdominal wall defects is evaluated. Chapter 
12 describes the experience of  two specialised centres with the reconstruction of  contami-
nated abdominal wall defects with use of  a porcine-derived biologic mesh or tissue-enhanced 
dermal matrix.
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 Chapter 1

ABSTRACT

Objective

To assess the diagnostic accuracy of  CRP and WBC count to discriminate between urgent and 
non-urgent conditions in patients with acute abdominal pain at the Emergency Department 
(ED), thereby guiding the selection of  patients for immediate diagnostic imaging.

Methods

Data from three large published prospective cohort studies of  patients with acute abdominal 
pain were combined in an individual patient data meta-analysis. CRP levels and WBC counts 
were compared between patients with urgent and non-urgent final diagnoses. Parameters of  
diagnostic accuracy were calculated for clinically applicable cut-off values of  CRP levels, WBC 
count and for combinations.

Results

A total of  2961 patients were included of  which 1352 patients (45.6 per cent) had an urgent 
final diagnosis. The median WBC count and CRP levels were significantly higher in the urgent 
group than in the non-urgent group: 12.8 x109/L (IQR 9.9-16) versus 9.3 x109/L (IQR 7.2-
12.1) and 46 mg/L (IQR 12-100) versus 10 mg/L (IQR 7-26), respectively (p<0.001). The 
highest PPV (85.5 per cent) and lowest false positives (14.5 per cent) were reached when cut-off 
values of  CRP level > 50 mg/L and WBC count > 15 x109/L were combined. However, 85.3 
per cent of  urgent cases was missed. 

Conclusion

A high CRP level (> 50 mg/L) combined with a high WBC count (> 15 x109/L) leads to the 
highest positive predictive value. However, this applies only to a small subgroup of  patients 
(8.7 per cent). Overall CRP levels and WBC count are insufficient markers to be used as a 
triage test in the selection for diagnostic imaging, even with a longer duration of  complaints (> 
48 hours).
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INTRODUCTIONS

The acute abdomen represents a major diagnostic challenge at the emergency department 
(ED). Up to 10 per cent of  all patients at the ED present with complaints of  acute abdominal 
pain.1,2 Underlying causes vary between mild and self-limiting conditions to conditions 
requiring urgent treatment.3-5

Clinical evaluation is often insufficient to correctly diagnose the underlying cause. The 
accuracy of  clinical assessment (history and physical examination and laboratory evaluation) 
has been reported between 47-76 per cent.3,6-8 Management based on clinical assessment 
alone can result in overtreatment or cause delay of  vital treatment. Imaging modalities such 
as ultrasound and computed tomography (CT) have been increasingly used to enhance diag-
nostic accuracy.1,3,9 

Studies have demonstrated that the use of  imaging leads to a decrease in missed urgent 
conditions and false positive diagnoses. Imaging also increases diagnostic certainty and 
changes management decisions.3 However, the increased use of  imaging also has downsides. 
The hospital costs rise exponentially, patient throughput at the ED is protracted and, in case 
of  CT, patients are exposed to ionizing radiation and contrast agents.1,10

A timely and accurate diagnosis leads to improved outcomes in case of  urgent conditions3. 
It is therefore essential to rapidly distinguish between patients with an urgent condition and 
those with a non-urgent condition. Ideally clinical evaluation would lead to an accurate 
selection of  patients with an urgent condition, in whom immediate imaging is required without 
exposing patients with a non-urgent condition to unnecessary imaging.  

The inflammatory markers C-reactive protein (CRP) and White Blood Cell count 
(WBC) are routinely determined as part of  the work up of  patients with an acute abdomen. 
These markers rise rapidly in response to various infectious and inflammatory conditions.11-13 
However, elevated levels are non-specific and their diagnostic accuracy for a specific diagnosis 
is low. CRP and WBC count could be helpful in discrimination between urgent and non-
urgent conditions, and to function as a triage test in the selection of  patients for immediate 
additional imaging and the identification of  patients with non-urgent conditions in whom no 
immediate imaging is required. With a longer duration of  complaints the discriminative power 
of  CRP levels and WBC count may increase.

The aim of  this study is to assess the value of  CRP levels and WBC count in differentiating 
suspected urgent conditions - requiring immediate imaging work-up and further treatment - 
from suspected non-urgent conditions - not requiring immediate work-up - in patients with 
acute abdominal pain at the Emergency Department.
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METHODS

Study selection and patients

Three large prospective cohort studies of  patients with acute abdominal pain at the ED were 
identified by a literature search.3,5,14 Principal investigators of  eligible studies were invited 
to participate by e-mail. The investigators were asked to share their complete dataset in 
original format with complete, anonymous data. All received data was carefully examined 
for inconsistencies between the data and their original papers. Received data was converted 
and recoded into a uniform format. A separate data dictionary of  each study was requested 
to prevent errors in conversion of  the individual studies to one uniform format. Issues or 
inconsistencies were checked with the principal investigators. Full study design of  the included 
studies is described in the original publications.3,5,14 All studies were approved by the institutional 
review board of  the initiating centre. 

In each study a final diagnosis had been assigned to patients by an expert panel. The 
final diagnosis was based on all available data, including at least 3 months of  follow up and if  
available histopathology, imaging or surgery reports. 

After harmonisation of  the databases only the adult patients (> 18 years) of  each study 
were selected for inclusion. A new variable was created in order to classify the final diagnosis 
into urgent and non-urgent conditions, based upon the classification proposed by Lameris 
et al.3 Urgent conditions were defined as conditions requiring treatment within 24 hours. 
Duration of  symptoms was categorised into three categories; < 24 hours, 24-48 hours and > 
48 hours. Patient data were only included if  CRP levels or WBC counts were available. 

Study quality assessment 

The quality of  the included studies was assessed from their original publication using the 
QUADAS -2 checklist.15 Completeness of  data sets was assessed and described based on 
availability of  data on CRP levels and WBC counts, final diagnosis and duration of  complaints. 
Review manager was used to summarize the results of  the QUADAS-2 assessment. 

Statistical analysis 

Data analysis was performed according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) statement.16 The baseline characteristics were analysed 
using descriptive statistics. Continuous variables were tested for normality using the Shapiro 
Wilk test. Group differences between urgent and non- urgent groups were tested using the 
Mann-Whitney U test. Non-normally distributed continuous data were expressed as median 
and inter quartile range. Probability (P) values were considered significant at a cut-off point of  
0.05. A CRP level of  > 10mg/L and a WBC count of  > 10 x109/L were considered elevated 
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above the reference standard. CRP levels and WBC count were plotted for urgent and non-
urgent groups in box plots to demonstrate their distribution. 

The values of  CRP levels and WBC were categorised into several clinically relevant and 
applicable cut-off values. We constructed 2 x 2 contingency tables for each of  the cut-off values 
of  CRP and WBC in the database. The sensitivity and specificity of  CRP and WBC for 
detecting urgent conditions were calculated by comparing the results of  the cut-off scenarios 
with the final diagnoses. The percentage of  missed urgent cases (1-sensitivity), the percentage 
of  false positives (false positives/all positives), the positive predictive values (true positives/all 
positives) and negative predictive values (true negatives/all negatives) were calculated using 
the contingency tables. The false positives are patients with a final non-urgent diagnosis and 
elevated CRP level or WBC count above the cut-off. The missed urgent cases are the patients 
with a final urgent diagnosis and normal CRP levels or WBC count. The discriminatory value 
of  CRP and WBC was analysed by calculating the area under the receiver-operating curve 
(AUC). An AUC of  more than 0.80 was considered to indicate good discrimination. These 
analyses were repeated for each of  the separate time categories (duration of  complaints). All 
data was analysed using SPSS 20.0 (SPSS Inc., Chicago, IL, USA) and MedCalc for windows 
12.5 (MedCalc software, Ostend, Belgium). 

RESULTS

Study characteristics

Three large prospective cohort studies were included, comprising a total of  2961 adult 
patients presenting at the ED with acute abdominal pain. Two studies were performed in 
the Netherlands 3,14 and one in Sweden5. The study designs and baseline characteristics of  
the three cohorts were comparable (Table 1). The inclusion criteria differed between the 
studies. In one study3 only patients were included when imaging was deemed necessary by the 
treating physician whereas the other two studies5,14 included all consecutive patients with acute 
abdominal pain. An overview of  the quality of  the included studies according to the criteria of  
the QUADAS-2 checklist is shown in Appendix 1. 

Baseline characteristics

In 1352 patients (45.6 per cent) the final diagnosis was classified as urgent and in 1609 patients 
(54.3 per cent) the final diagnosis was classified as non-urgent (Table 2). The percentage of  
males was significantly higher in the urgent group (48.7 per cent) compared with the non-
urgent group (38.3 per cent)(p<0.001). The median age was 45.4 years (IQR 31.2-64.2) in the 
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Table 1 Characteristics of the included studies

Lameris3 Laurell5 Toorenvliet14

Year of publication 2009, BMJ 2005, Scandinavian Journal 

of Gastroenterology

2010, World journal of 

surgery

Country Netherlands Sweden Netherlands

Number of adult pa-

tients (total cohort)

1020 1438 (1738) 503 (802)

Inclusion period March 2005-November 2006 February 1997-June 2000 June 2005-July 2006

Definition acute 

abdominal pain

Patients with acute 

abdominal pain lasting 

more than 2 hours and less 

than five days 

Patients with abdominal 

pain lasting for up to 7 

days

All patients seen at the ED 

for acute abdominal pain

Exclusion criteria - Patients who were to be 

discharged from the ED 

without imaging considered

- Recent hospitalization for 

acute abdominal pain

- traumatic or haemorrhagic 

origin of pain

- age <18 years

- age < 1 year

- tourists

- Evaluation for same 

complaint at another 

hospital

- Traumatic origin of pain

- Radiological examination 

prior to consultation at ED 

Definition reference 

standard

Follow up 6 months and 

expert panel (based 

on intra operative and 

histological findings in 

combination with follow 

up)

Follow up 1 year. 

Diagnostic criteria were 

defined according to 

the World Organization 

of Gastroenterology 

multinational survey on 

acute abdominal pain 

Follow up and expert panel

(based on intra operative 

and histological findings 

in combination with follow 

up)

Expert panel 2 gastro intestinal surgeons 

and 1 radiologist

2 surgeons 2 surgical residents

Age (median, IQR) 46 (34-60) 53 (34-72) 50 (33-65)

Number of patients 

with urgent 

condition (%)

661 (64.8) 488 (33.9) 203 (40.4)

Number of female 

patients (%)

564 (55.3) 810 (56.3) 313 (62.2%)

Average duration 

of complaints, days 

(median, IQR)

2 (1-3) 1 (1-2) 2 (1-4)

CRP mg/L (median, 

IQR)

41.4 (12.3-97) 10 (7-50) 9 (8-47.5)

WBC x 109/L  

(median, IQR)

11.8 (9-14.9) 10.7 (8-13.9) 9.6 (7.4-12.9)

CRP = C-reactive protein, ED = emergency department, IQR = interquartile range, WBC = white blood cell 
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Table 2 Characteristics of patients classified by urgency

Non-Urgent

n=1609 (54.3%)

Urgent

n=1352 (45.6%) P

Sex (male, %) 616 (38.3%) 658 (48.7%) <0.001

Age (median; IQR) 45.4 (31.2-64.2.) 53.7 (38.4-68.7) <0.001

WBC count x 109/L 

(median; IQR)

9.3 (7.2-12.1) 12.8 (9.9-16) <0.001

CRP mg/L (median; IQR) 9.8 (7-26) 46.0 (12-100) <0.001

Duration of pain in days 

(median; IQR)

1.0 (1-3) 1.0 (1-3) 0.469

CRP = C-reactive protein, IQR = interquartile range, WBC = white blood cell 

non-urgent group and 53.7 years (IQR 38.4-68.7) in the urgent group (p<0.001). The median 
duration of  pain was 1 day in both groups (p=0.469). 

The most common urgent conditions were acute appendicitis (15.0 per cent) and acute 
diverticulitis (8.4 per cent) (Table 3). The most common non-urgent condition was non-specific 
abdominal pain (24.6 per cent) followed by gastrointestinal diseases (8.3 per cent). Non-
abdominal causes accounted for 1.2 per cent of  urgent causes and 3.1 per cent of  non-urgent 
causes. Malignancies were found in 1.7 per cent of  all patients. A gynaecological cause (both 
urgent and non-urgent) was found in 3.6 per cent of  all patients and an urological origin in 
7.1 per cent of  patients.  

Distribution of CRP levels and WBC count in urgent and non-urgent causes

In 2783 of  the 2961 patients (93.9 per cent) CRP levels had been determined during ED 
evaluation, and WBC count in 2636 patients (89.0 per cent). For 2458 of  2962 patients (82.9 
per cent) both CRP levels and WBC count were available. The distribution of  CRP levels and 
WBC count is depicted in Fig. 1 and 2. The median CRP and WBC values were raised above 
the reference value in patients in the urgent group, while in the non-urgent group the median 
CRP and WBC values were within the normal range (Table 2). The median CRP level was 
significantly higher in the urgent group: 46.0 mg/L (IQR 12-100) compared with 9.8 mg/L 
(IQR 7-26) in the non-urgent group (p<0.001). The median WBC count was also significantly 
higher in the urgent group (12.8 x109/L; IQR 9.9-16) compared with the non-urgent group 
(9.3 x109/L; IQR 7.2-12.1)(p<0.001) (Table 2).

Diagnostic accuracy

Table 4 depicts the diagnostic accuracy of  several cut-off values of  CRP levels, WBC count 
and their combinations. CRP had an area under the curve of  0.721 and WBC count of  0.712. 
CRP was elevated (CRP > 10mg/L) in 56.2 per cent of  the patients (1565 of  2783). Using an 
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elevated CRP level as cut-off resulted in a sensitivity of  76.9 per cent (95 per cent confidence 
interval (CI) 74 to 79) and a specificity of  61.4 per cent (95 per cent CI 59 to 64). This cut-off 
value would lead to 36.9 per cent false positive diagnoses and 23.1 per cent missed urgent 
diagnoses. Raising the cut-off value up to a CRP > 150mg/L increased the specificity up to 
95.8 per cent (95 per cent CI 95 to 97), but also led to a decreased sensitivity of  15.7 per cent 
(95 per cent CI 14 to 18) and therefore 84.3 per cent missed urgent diagnoses. It is of  note that 
in only 9.4 per cent of  all 2783 patients CRP values were elevated above 150 mg/L. 

In 57.7 per cent of  patients WBC count was elevated (1523 of  2636). An elevated WBC 
count (WBC > 10 x 109/L) resulted in a sensitivity of  73.9 per cent (95 per cent CI 71 to 76) 
and a specificity of  57.5 per cent (95 per cent CI 56 to 60). In 26.1 per cent an urgent diagnosis 
was missed and in 37.7 per cent the diagnosis was falsely positive. Raising the cut-off value up 
to a WBC count > 20 x 109/L resulted in a specificity of  97.9 per cent (95 per cent CI 96 to 
98), but decreased sensitivity down to 7.0 per cent (95 per cent CI 5 to 9) leading to 93.0 per 
cent missed urgent diagnoses and 24.4 per cent false positive diagnoses. In only 4.5 per cent of  
all 2636 patients the WBC count was raised above 20 x 109/L.

Combining cut-off values of  CRP and WBC count increased both the positive and 
negative predictive values. The combination of  an elevated CRP level and WBC count (CRP 
> 10 mg/L and a WBC count >10 x109/L) resulted in a sensitivity of  58.0 per cent (95 per 
cent CI 55 to 61) with a specificity of  76.7 per cent (95 per cent CI 76 to 80). This cut-off 
value led to 42.0 per cent missed urgent diagnoses and 27.9 per cent false positive diagnoses. 
In 39.8 per cent of  patients both the CRP level and WBC count were elevated (978 of  2458). 
A combination of  intermediate cut-off values (CRP > 50 mg/L and WBC > 15 x 109/L) 
increased the specificity up to 97.5 per cent (95 per cent CI 96 to 98) and decreased sensitivity 
to 14.7 per cent (95 per cent CI 13 to 17). These values led to a positive predictive value of  
85.5 per cent (95 per cent CI 80 to 90) but with a high percentage of  missed urgent cases (85.3 
per cent). In only 8.7 per cent of  patients both the CRP level and WBC count were higher 
than these cut-off levels.  

Extreme values of  CRP and WBC count (CRP > 100 mg/L and WBC > 20 x 109/L) 
decreased the sensitivity even further down to 2.6 per cent (95 per cent CI 2 to 4) and increased 
the specificity up to 97.8 per cent (95 per cent CI 96 to 98). The percentage of  missed urgent 
diagnoses remained unacceptably high (97.4 per cent) with a positive predictive value of  82.1 
per cent (95 per cent CI 66 to 92). However, only in 1.6 per cent of  patients both CRP and 
WBC count were severely elevated.  

Duration of complaints 

For each category of  duration of  complaints (< 24 hours, 24-48 hours, and > 48 hours) the 
median values of  CRP and WBC count were significantly higher (p<0.001) in patients with 
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Table 3 Final diagnoses in 2961 patients classified by urgency

Diagnosis No %

Urgent

Acute appendicitis 443 15%

Acute diverticulitis 249 8.4%

Acute cholecystitis 117 4%

Perforated viscus 101 3.4%

Acute pancreatitis 89 3%

Bowel obstruction 80 2.7%

Gynaecologic diseases a 47 1.6%

Ileus 47 1.6%

Urological diseases b 43 1.5%

Non abdominal urgent causes 35 1.2%

Hernia, incarcerated 30 1%

Abscess c 16 0.6%

Bowel ischemia 18 0.6%

Retro peritoneal/abdominal wall bleeding 13 0.4%

Cholangitis 10 0.3%

Ruptured abdominal aneurysm/dissection 10 0.3%

Acute peritonitis (no specific diagnosis) 4 0.1%

Non-urgent

Non-specific abdominal pain 728 24.6%

Gastro intestinal diseases d 247 8.3%

Hepatic, pancreatic and biliary diseases e 172 5.7%

Urological disease f 167 5.6%

Other 92 3.1%

Inflammatory bowel disease 86 2.9%

Gynaecological disease g 59 1.9%

Malignancy h 52 1.7%

Hernia 7 0.2%

a Ovarian torision, pelvic inflammatory disease, bleeding/rupture ovarian cyst
b Renal and ureteral stones with obstruction, hydronephrosis, pyelonephritis
c Intra- abdominal abscess, retro-peritoneal abscess, hepatic abscess, tubo-ovarian abscess
d Gastritis, gastroenteritis, peptic ulcer, acute epiploic appendagitis and constipation
e Hepatic metastases, cholecystolithiasis and chronic pancreatitis
f Renal and ureteral stones without obstruction, urinary tract infection
g Ovulation pain/bleeding, endometriosis, menstrual pain, uterine myoma and benign adnexal cyst
h Pancreatic, gastro intestinal and kidney malignancies 
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Table 4 Discriminatory accuracy of different CRP and WBC cut-off values, and combinations, for 
urgent vs non-urgent conditions.

 No. test  

positive† (%) Sensi-tivity Specificity Missed urgent False positives PPV NPV

CRP > 10 mg/L 1565/2783 (56.2%) 76.9% (74 to 79) 61.4% (59 to 64) 23.1% 36.9% 63.0% (61 to 65) 76.0% (73 to 78)

CRP > 50 mg/L 797/2783 (28.6%) 44.7% (42 to 48) 85.1% (83 to 87) 55.3% 27.9% 72.0% (69 to 75) 64.0% (62 to 66)

CRP > 100 mg/L 423/2783 (15.1%) 24.7% (22 to 27) 92.9% (91 to 94) 75.3% 25.1% 74.9% (70 to 79) 59.0% (57 to 61)

CRP > 150 mg/L 263/2783 (9.4%) 15.7% (14 to 18) 95.8% (95 to 97) 84.3% 23.6% 76.4% ( 71 to 81) 57.0% (55 to 59)

WBC > 10 x 109/L 1523/2636 (57.7%) 73.9% (71 to 76) 57.5% (56 to 60) 26.1% 37.7% 62.3% (60 to 65) 69.9% (67 to 73)

WBC > 15 x 109/L 511/2636 (19.4%) 29.5% (27 to 32) 90.2% (88 to 92) 70.5% 25.8% 74.1% (70 to 78) 57.4% (55 to 60)

WBC > 20 x 109/L 119/2636 (4.5%)  7.0% (5 to 9) 97.9% (97 to 99) 93.0% 24.4% 75.6% (67 to 83) 53.0% (51 to 55)

CRP > 10 mg/L AND WBC > 10 x 109/L 978/2458 (39.8%) 58.0% (55 to 61) 76.7% (76 to 80) 42.0% 27.9% 72.1% (69 to 75) 65,5% (63 to 68)

CRP > 50 mg/L AND WBC > 15 x 109/L 214/2458 (8.7%) 14.7% (13 to 17) 97.5% (96 to 98) 85.3% 14.5% 85.5% (80 to 90) 53.9% (52 to 56)

CRP > 100 mg/L AND WBC> 20 x 109/L 39/2458 (1.6%) 2.6% (2 to 4) 97.8% (98 to 100) 97.4% 17.9% 82.1% (66 to 92) 51.1% (49 to 53)

† Number of patients with positive test outcome/ all patients. Values in parentheses are 95 per cent confidence 

intervals unless otherwise specified. Data were missing for some cut- off values. 

CRP = C-reactive protein, WBC = white blood cell, PPV = positive predictive value; NPV = negative predictive value

Table 5 Distribution of WBC for duration of complaints in urgent vs non-urgent conditions

Non-Urgent

n=1609 (54,3%)

Urgent

n=1352 (45,6%) P value

0-24 hours (median, IQR) (n=219) 8.9 (6.9-11.9) 12.4 (9.9-14.9) <0.001

24-48 hours (median, IQR) (n=1207) 9.9 (7.6-12.6) 13.3 (10.5-16.6) <0.001

> 48 hours (median, IQR) (n=1128) 8.7 (6.8-11.5) 12.6 (9.9-16.1) <0.001

WBC = white blood cell, IQR = interquartile range, 

Table 6 Distribution of CRP for duration of complaints in urgent vs non-urgent conditions

Non-Urgent

n=1609 (54,3%)

Urgent

n=1352 (45,6%) P value

0-24 hours (median, IQR) (n=219) 8  (7.0-17.0) 18 (8.0-53) <0.001

24-48 hours (median, IQR) (n=1292) 8 (7.0-14.0) 24 (8.0-56.5) <0.001

> 48 hours (median, IQR) (n=1195) 15.0 (8.0-50) 74.5 (35.0-132.2) <0.001

CRP = C-reactive protein, IQR = interquartile range
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Table 4 Discriminatory accuracy of different CRP and WBC cut-off values, and combinations, for 
urgent vs non-urgent conditions.

 No. test  

positive† (%) Sensi-tivity Specificity Missed urgent False positives PPV NPV

CRP > 10 mg/L 1565/2783 (56.2%) 76.9% (74 to 79) 61.4% (59 to 64) 23.1% 36.9% 63.0% (61 to 65) 76.0% (73 to 78)

CRP > 50 mg/L 797/2783 (28.6%) 44.7% (42 to 48) 85.1% (83 to 87) 55.3% 27.9% 72.0% (69 to 75) 64.0% (62 to 66)

CRP > 100 mg/L 423/2783 (15.1%) 24.7% (22 to 27) 92.9% (91 to 94) 75.3% 25.1% 74.9% (70 to 79) 59.0% (57 to 61)

CRP > 150 mg/L 263/2783 (9.4%) 15.7% (14 to 18) 95.8% (95 to 97) 84.3% 23.6% 76.4% ( 71 to 81) 57.0% (55 to 59)

WBC > 10 x 109/L 1523/2636 (57.7%) 73.9% (71 to 76) 57.5% (56 to 60) 26.1% 37.7% 62.3% (60 to 65) 69.9% (67 to 73)

WBC > 15 x 109/L 511/2636 (19.4%) 29.5% (27 to 32) 90.2% (88 to 92) 70.5% 25.8% 74.1% (70 to 78) 57.4% (55 to 60)

WBC > 20 x 109/L 119/2636 (4.5%)  7.0% (5 to 9) 97.9% (97 to 99) 93.0% 24.4% 75.6% (67 to 83) 53.0% (51 to 55)

CRP > 10 mg/L AND WBC > 10 x 109/L 978/2458 (39.8%) 58.0% (55 to 61) 76.7% (76 to 80) 42.0% 27.9% 72.1% (69 to 75) 65,5% (63 to 68)

CRP > 50 mg/L AND WBC > 15 x 109/L 214/2458 (8.7%) 14.7% (13 to 17) 97.5% (96 to 98) 85.3% 14.5% 85.5% (80 to 90) 53.9% (52 to 56)

CRP > 100 mg/L AND WBC> 20 x 109/L 39/2458 (1.6%) 2.6% (2 to 4) 97.8% (98 to 100) 97.4% 17.9% 82.1% (66 to 92) 51.1% (49 to 53)

† Number of patients with positive test outcome/ all patients. Values in parentheses are 95 per cent confidence 

intervals unless otherwise specified. Data were missing for some cut- off values. 

CRP = C-reactive protein, WBC = white blood cell, PPV = positive predictive value; NPV = negative predictive value

an urgent condition compared to patients with a non-urgent condition (Table 5 and 6). The 
median levels of  CRP increase in patients with a longer duration of  complaints. The median 
levels of  WBC remained the same, regardless of  the duration of  symptoms. The AUC for CRP 
was 0.695 for duration of  complaints < 24 hours, 0.698 for duration between 24-48 hours 
and 0.756 for duration > 48 hours. The AUC for CRP was significantly higher for duration 
> 48 hours compared to a duration between 24-48 hours (p=0.005). The AUC for WBC 
was 0.702 for duration of  complaints between < 24 hours, 0.716 for duration between 24-48 
hours and 0.725 for duration > 48 hours. When comparing the AUCs between the categories 
of  duration of  complaints there were no significant differences. The discriminatory value 
improved somewhat at a longer duration of  complaints. CRP levels of  > 10mg/L after > 48 
hours of  complaints resulted in the highest sensitivity (91.0 per cent). However, the associated 
specificity was only 47.0 per cent, with a false positive diagnosis of  an urgent condition in 37.8 
per cent of  cases. Table 7 to 9 depict the discriminatory value of  CRP levels and WBC count 
classified according to the duration of  complaints. 
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Table 7 Discriminatory accuracy of different CRP and WBC cut-off values, and combinations with 
duration of complaints between 0 and 24 hours

No. test  

positive† (%) Sensitivity Specificity Missed urgent False positives PPV NPV

CRP > 10 mg/L 99/219 (45.2%) 64.2% (54 to 74) 69.0%(60 to 77) 35.8% 38.4% 62.0%(51 to 71) 72.0%( 63 to 79)

CRP > 50 mg/L 37/219 (16.8%) 28.4%(20 to 39) 91.9%(85 to 96) 71.6% 27% 73.0%(56 to 86) 62.6%(55 to 70)

CRP > 100 mg/L 23/219 (10.5%) 16.8% (10 to 26) 94.4%(88 to 98) 83.2% 30.4% 69.6%(47 to 86) 59.7%(52 to 67)

CRP > 150 mg/L 17/219 (7.8%) 12.6% (7 to 21) 96.0%(90 to 99) 87.4% 29.4% 70.6%(44 to 89) 58.9%(52 to 66)

WBC > 10 x 109/L 121/219 (55.3%) 73.5% (63 to 82) 59.5%(50 to 68) 26.5% 40.5% 59.5%(50 to 68) 73.5%(63 to 82)

WBC > 15 x 109/L 35/219 (16%) 23.5% (16 to 33) 90.1%(83 to 95) 76.5% 34.3% 65.7%(48 to 80) 59.2%(52 to 66)

WBC > 20 x 109/L 5/219 (2.2%) 4.1% (1 to 10) 99.2%(95 to 100) 95.9% 20% 80.0%(30 to 99) 56.1%(49 to 63)

CRP > 10 mg/L AND WBC > 10 x 109/L 57/191 (29.8%) 48.2% (37 to 59) 84.3%(76 to 90) 51.8% 29.8% 70.2%(56 to 81) 67.9%(59 to 76)

CRP > 50 mg/L AND WBC > 15 x 109/L 9/191 (4.7%) 6.8% (3 to 17) 97.2%(92 to 99) 93.2% 33.3% 66.7%(31 to 91) 56.4%(50 to 65)

CRP >100 mg/L AND WBC > 20 x 109/L 4/191 (2%) 3.6% (1 to 11) 99.1%(94 to 100) 96.4% 25% 75.0%(22 to 99) 57.0%(50 to 64)

† Number of patients with positive test outcome/ all patients. Values in parentheses are 95 per cent confidence 

intervals unless otherwise specified. Data were missing for some cut- off values. 

CRP = C-reactive protein, WBC = white blood cell, PPV = positive predictive value; NPV = negative predictive value

Table 8 Discriminatory accuracy of different CRP and WBC cut-off values, and combinations with a 
duration of complaints between 24 and 48 hours

No. test  

positive† (%) Sensitivity Specificity Missed urgent False positive PPV NPV

CRP > 10 mg/L 555/1274 (43.6%) 64.3% (60 to 68) 73.0%(69 to 76) 35.7% 35.7% 65%(60 to 68) 72%(69 to 76)

CRP > 50 mg/L 212/1274 (16.6%) 28.0%(24 to 32) 90.3%(90 to 94) 72.0% 26.4% 74%(67 to 79) 62%(59 to 65)

CRP > 100 mg/L 85/1274 (4.3%) 11.0%(8 to 14) 97.0%(95 to 98) 88.0% 27.1% 73%(62 to 82) 58%(56 to 61)

CRP > 150 mg/L 43/1274 (3.4%) 6.0%(4 to 8) 98.6%(97 to 99) 94.0% 23.3% 77%(61 to 88) 57%(55 to 60)

WBC > 10 x 109/L 751/1193 (63%) 79.2%(76 to 82) 51.8%(48 to 56) 20.8% 40.2% 60%(56 to 63) 73%(69 to 77)

WBC > 15 x 109/L 271/1193 (22.7%) 34.0%(30 to 38) 87.5%(85 to 90) 66.0% 28.8% 71%(65 to 76) 59%(56 to 63)

WBC > 20 x 109/L 67/1193 (5.6%) 8.6%(7 to 11) 97.1%(95 to 98) 91.4% 26.9% 73%61 to 83) 54%(51 to 57)

CRP > 10 mg/L AND WBC > 10 x 109/L 379/1101 (34.4%) 52.5%(48 to 57) 82.0%(79 to 85) 47.5% 26.4% 74%(68 to 78) 65%(61 to 69)

CRP > 50 mg/L AND WBC > 15 x 109/L 69/1101 (6.3%) 11.4%(9 to 15) 98.6%(97 to 99) 88.6% 11.6% 88%(78 to 95) 54%(51 to 58)

CRP >100 mg/L AND WBC > 20 x 109/L 11/1101 (0.9%) 1.7%(1 to 3) 99.6%(99 to 100) 98.3% 18.2% 82%(47 to 97) 52%(49 to 55)

† Number of patients with positive test outcome/ all patients. Values in parentheses are 95 per cent confidence 

intervals unless otherwise specified. Data were missing for some cut- off values. 

CRP = C-reactive protein, WBC = white blood cell, PPV = positive predictive value; NPV = negative predictive value
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Table 7 Discriminatory accuracy of different CRP and WBC cut-off values, and combinations with 
duration of complaints between 0 and 24 hours

No. test  

positive† (%) Sensitivity Specificity Missed urgent False positives PPV NPV

CRP > 10 mg/L 99/219 (45.2%) 64.2% (54 to 74) 69.0%(60 to 77) 35.8% 38.4% 62.0%(51 to 71) 72.0%( 63 to 79)

CRP > 50 mg/L 37/219 (16.8%) 28.4%(20 to 39) 91.9%(85 to 96) 71.6% 27% 73.0%(56 to 86) 62.6%(55 to 70)

CRP > 100 mg/L 23/219 (10.5%) 16.8% (10 to 26) 94.4%(88 to 98) 83.2% 30.4% 69.6%(47 to 86) 59.7%(52 to 67)

CRP > 150 mg/L 17/219 (7.8%) 12.6% (7 to 21) 96.0%(90 to 99) 87.4% 29.4% 70.6%(44 to 89) 58.9%(52 to 66)

WBC > 10 x 109/L 121/219 (55.3%) 73.5% (63 to 82) 59.5%(50 to 68) 26.5% 40.5% 59.5%(50 to 68) 73.5%(63 to 82)

WBC > 15 x 109/L 35/219 (16%) 23.5% (16 to 33) 90.1%(83 to 95) 76.5% 34.3% 65.7%(48 to 80) 59.2%(52 to 66)

WBC > 20 x 109/L 5/219 (2.2%) 4.1% (1 to 10) 99.2%(95 to 100) 95.9% 20% 80.0%(30 to 99) 56.1%(49 to 63)

CRP > 10 mg/L AND WBC > 10 x 109/L 57/191 (29.8%) 48.2% (37 to 59) 84.3%(76 to 90) 51.8% 29.8% 70.2%(56 to 81) 67.9%(59 to 76)

CRP > 50 mg/L AND WBC > 15 x 109/L 9/191 (4.7%) 6.8% (3 to 17) 97.2%(92 to 99) 93.2% 33.3% 66.7%(31 to 91) 56.4%(50 to 65)

CRP >100 mg/L AND WBC > 20 x 109/L 4/191 (2%) 3.6% (1 to 11) 99.1%(94 to 100) 96.4% 25% 75.0%(22 to 99) 57.0%(50 to 64)

† Number of patients with positive test outcome/ all patients. Values in parentheses are 95 per cent confidence 

intervals unless otherwise specified. Data were missing for some cut- off values. 

CRP = C-reactive protein, WBC = white blood cell, PPV = positive predictive value; NPV = negative predictive value

Table 8 Discriminatory accuracy of different CRP and WBC cut-off values, and combinations with a 
duration of complaints between 24 and 48 hours

No. test  

positive† (%) Sensitivity Specificity Missed urgent False positive PPV NPV

CRP > 10 mg/L 555/1274 (43.6%) 64.3% (60 to 68) 73.0%(69 to 76) 35.7% 35.7% 65%(60 to 68) 72%(69 to 76)

CRP > 50 mg/L 212/1274 (16.6%) 28.0%(24 to 32) 90.3%(90 to 94) 72.0% 26.4% 74%(67 to 79) 62%(59 to 65)

CRP > 100 mg/L 85/1274 (4.3%) 11.0%(8 to 14) 97.0%(95 to 98) 88.0% 27.1% 73%(62 to 82) 58%(56 to 61)

CRP > 150 mg/L 43/1274 (3.4%) 6.0%(4 to 8) 98.6%(97 to 99) 94.0% 23.3% 77%(61 to 88) 57%(55 to 60)

WBC > 10 x 109/L 751/1193 (63%) 79.2%(76 to 82) 51.8%(48 to 56) 20.8% 40.2% 60%(56 to 63) 73%(69 to 77)

WBC > 15 x 109/L 271/1193 (22.7%) 34.0%(30 to 38) 87.5%(85 to 90) 66.0% 28.8% 71%(65 to 76) 59%(56 to 63)

WBC > 20 x 109/L 67/1193 (5.6%) 8.6%(7 to 11) 97.1%(95 to 98) 91.4% 26.9% 73%61 to 83) 54%(51 to 57)

CRP > 10 mg/L AND WBC > 10 x 109/L 379/1101 (34.4%) 52.5%(48 to 57) 82.0%(79 to 85) 47.5% 26.4% 74%(68 to 78) 65%(61 to 69)

CRP > 50 mg/L AND WBC > 15 x 109/L 69/1101 (6.3%) 11.4%(9 to 15) 98.6%(97 to 99) 88.6% 11.6% 88%(78 to 95) 54%(51 to 58)

CRP >100 mg/L AND WBC > 20 x 109/L 11/1101 (0.9%) 1.7%(1 to 3) 99.6%(99 to 100) 98.3% 18.2% 82%(47 to 97) 52%(49 to 55)

† Number of patients with positive test outcome/ all patients. Values in parentheses are 95 per cent confidence 

intervals unless otherwise specified. Data were missing for some cut- off values. 

CRP = C-reactive protein, WBC = white blood cell, PPV = positive predictive value; NPV = negative predictive value
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Table 9 Discriminatory accuracy of different CRP and WBC cut-off values, and combinations with a 
duration of complaints of more than 48 hours

No. test positive† 

(%) Sensitivity Specificity Missed urgent False positive PPV NPV

CRP > 10 mg/L 841/1176 (71.7%) 91.0% (88 to 93) 47.0% (43 to 51) 9.0% 37.8% 62.2% (59 to 65) 84.0% 80 to 88)

CRP > 50 mg/L 520/1176 (44.2%) 64.0% (59 to 68) 74.4% (71 to 78) 36.0% 29.6% 70.4% (66 to 74) 68.1% (64 to 72)

CRP > 100 mg/L 299/1176 (25.4%) 38.9% (35 to 43) 87.5% (85 to 90) 61.1% 25.1% 75% (69 to 80) 60.0% (57 to 63)

CRP > 150 mg/L 195/1176 (16.6%) 25.9% (22 to 30) 92.3% (90 to 94) 74.1% 23.6% 76.4% (70 to 82) 56.6% (53 to 60)

WBC > 10 x109/L 581/1110 (52.3%) 68.5% (64 to 72) 64.0% (60 to 68) 31.5% 34.1% 66.0% (62 to 70) 66.7% (62 to 71)

WBC > 15 x109/L 178/1110 (16% 50.0%  (46 to 53) 93.6% (91 to 95) 74.0% 19.7% 92.0% (89 to 94) 55.4% (52 to 59)

WBC > 20 x109/L 41/1110 (3.7%) 5.7% (4 to 8) 98.4% (97 to 99) 94.3% 22.0% 78.0% (62 to 89) 50.7% (48 to 54)

CRP > 10 mg/L AND WBC > 10 x109/L 494/1065 (46.4%) 64.0% (60 to 68) 72.7% (68 to 76) 35.0% 25.5% 71.5% (67 to 75) 65.8% (61 to 70)

CRP > 50 mg/L AND WBC > 15 x109/L 128/1065 (12%) 19.5% (17 to 24) 96.4% (94 to 98) 80.5% 14.8% 85.2% (78 to 91) 53.4% (50 to 65)

CRP >100 mg/L AND WBC > 20 x109/L 22/1065 (2.1%) 3.3% (2 to 5) 99.2% (98 to 100) 96.7% 18.2% 81.8% (59 to 94) 49.2% (46 to 52)

† Number of patients with positive test outcome/ all patients. Values in parentheses are 95 per cent confidence 

intervals unless otherwise specified. Data were missing for some cut- off values. 

CRP = C-reactive protein, WBC = white blood cell, PPV = positive predictive value; NPV = negative predictive value
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Figure 1 Boxplot of the distribution of values of CRP in patients with urgent vs non-urgent 
diagnoses (p<0.001)
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Table 9 Discriminatory accuracy of different CRP and WBC cut-off values, and combinations with a 
duration of complaints of more than 48 hours

No. test positive† 

(%) Sensitivity Specificity Missed urgent False positive PPV NPV

CRP > 10 mg/L 841/1176 (71.7%) 91.0% (88 to 93) 47.0% (43 to 51) 9.0% 37.8% 62.2% (59 to 65) 84.0% 80 to 88)

CRP > 50 mg/L 520/1176 (44.2%) 64.0% (59 to 68) 74.4% (71 to 78) 36.0% 29.6% 70.4% (66 to 74) 68.1% (64 to 72)

CRP > 100 mg/L 299/1176 (25.4%) 38.9% (35 to 43) 87.5% (85 to 90) 61.1% 25.1% 75% (69 to 80) 60.0% (57 to 63)

CRP > 150 mg/L 195/1176 (16.6%) 25.9% (22 to 30) 92.3% (90 to 94) 74.1% 23.6% 76.4% (70 to 82) 56.6% (53 to 60)

WBC > 10 x109/L 581/1110 (52.3%) 68.5% (64 to 72) 64.0% (60 to 68) 31.5% 34.1% 66.0% (62 to 70) 66.7% (62 to 71)

WBC > 15 x109/L 178/1110 (16% 50.0%  (46 to 53) 93.6% (91 to 95) 74.0% 19.7% 92.0% (89 to 94) 55.4% (52 to 59)

WBC > 20 x109/L 41/1110 (3.7%) 5.7% (4 to 8) 98.4% (97 to 99) 94.3% 22.0% 78.0% (62 to 89) 50.7% (48 to 54)

CRP > 10 mg/L AND WBC > 10 x109/L 494/1065 (46.4%) 64.0% (60 to 68) 72.7% (68 to 76) 35.0% 25.5% 71.5% (67 to 75) 65.8% (61 to 70)

CRP > 50 mg/L AND WBC > 15 x109/L 128/1065 (12%) 19.5% (17 to 24) 96.4% (94 to 98) 80.5% 14.8% 85.2% (78 to 91) 53.4% (50 to 65)

CRP >100 mg/L AND WBC > 20 x109/L 22/1065 (2.1%) 3.3% (2 to 5) 99.2% (98 to 100) 96.7% 18.2% 81.8% (59 to 94) 49.2% (46 to 52)

† Number of patients with positive test outcome/ all patients. Values in parentheses are 95 per cent confidence 

intervals unless otherwise specified. Data were missing for some cut- off values. 

CRP = C-reactive protein, WBC = white blood cell, PPV = positive predictive value; NPV = negative predictive value
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Figure 2 Boxplot of the distribution of values of WBC count in patients with urgent vs non-urgent 
diagnoses (p<0.001)
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DISCUSSION
The discriminatory value of  CRP levels and WBC count as single markers in differentia- 
ting urgent conditions from non- urgent conditions in patients with acute abdominal pain 
is low, even with an increased duration of  symptoms (> 48 hours). Overall CRP levels and 
WBC count are insufficient markers to be used as a triage instrument in the selection for diag- 
nostic imaging. 

A CRP value or WBC count within the reference range does not rule out an urgent 
condition. Even in patients with an urgent final diagnosis CRP and WBC count can be well 
within reference values, and vice versa even extreme values of  CRP or WBC count do not 
guarantee the presence of  an urgent condition. Although the median values of  CRP and 
WBC count in patients with urgent conditions are significantly higher compared to values in 
patients with non-urgent conditions, there is no sufficient cut-off value that can adequately 
distinguish enough patients with an urgent condition. Higher cut-off values of  CRP or WBC 
count lead to an unacceptably low sensitivity (high proportion of  missed urgent cases) and 
high percentage of  false negative diagnoses. Intermediate cut-off values such as CRP > 
100mg/L or WBC count > 15 x 109/L led to an unacceptably high percentage of  false positive 
rates ranging between 25.1 per cent and 25.8 per cent, respectively. An intermediate CRP 
level (> 50 mg/L) combined with an intermediate WBC count (> 15 x 109/L) achieves the 
highest positive predictive value, justifying diagnostic imaging in this subset of  patients. This 
combination however misses the greatest proportion of  urgent cases (85.3 per cent) and only 
a small subset of  patients (8.7 per cent) meet both these cut-off levels. The value of  CRP and 
WBC count as triage test in daily practice is limited. 

Most studies analysing the value of  CRP levels and WBC count focus on a selection of  
patients such as patients with suspected acute appendicitis17,18. These studies conclude that 
the laboratory values are weak discriminators individually but when combined with clinical 
parameters they achieve high discriminative powers. Studies analysing the value of  CRP 
levels and WBC count in patients with an acute abdomen report varying results. Some studies 
have reported that there is very little correlation between CRP values and the outcomes of  
the patient and that CRP alone is not useful in differentiating self-limiting conditions from 
causes that need surgery19,20. Conversely, another study demonstrated that increasing levels of  
CRP predict positive findings on CT with increasing likelihood suggesting that inflammatory 
markers can be used in prioritizing patients for imaging10.    

Given the disadvantages of  imaging, a triage test discriminating between patients 
with an urgent condition in whom additional imaging is justified and patients without an 
urgent condition, in whom no emergency imaging is needed, would be extremely useful. An 
accurate triage test could prevent unnecessary imaging, decrease costs and prevent protracted 
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throughput of  patients at the ED in patients without an urgent condition. But it could also 
provide a timely and accurate diagnosis and management strategy in patients with an urgent 
condition. Such a test needs a high positive predictive value and a low percentage of  missed 
urgent cases besides specific features such as a wide availability, fast execution and low costs21. 
This study demonstrates that using CRP and WBC count as triage test alone would lead to 
an unacceptably high percentage of  missed urgent cases and a substantial overshoot in use of  
diagnostic imaging because of  the high percentage of  false positive cases. 

Some studies have suggested that due to the properties of  CRP, an acute phase protein 
which can rise rapidly in case of  an inflammation or infection, the duration of  symptoms 
would be associated with the discriminatory capacity of  CRP14. Patients early in the onset of  
a disease could present with low values of  inflammatory markers despite the underlying cause, 
while the chance of  an urgent condition in patients with low values of  inflammatory markers 
after a longer duration of  symptoms would decrease. Nevertheless, our study demonstrates 
that the duration has only moderate influence on the accuracy of  inflammatory markers. Even 
in patients with symptoms for more than 48 hours, CRP levels and WBC count have limited 
discriminative capacities. 

An important limitation of  our study is the fact that we only assessed CRP levels and 
WBC count as single predictors and not in combination with clinical parameters. In daily 
clinical practice inflammatory markers are often combined in a diagnostic sequence. The 
probability of  an urgent diagnosis is usually estimated combining the value of  history and 
physical examination with inflammatory markers. Simply adding the diagnostic value of  
CRP and WBC count as assessed in this study on top of  the diagnostic value of  other tests 
such as history and physical examination would lead to an exaggeration of  the diagnostic 
value of  CRP levels and WBC count21. Another limitation of  our study was inherent to the 
designs of  the studies used for this individual patient data meta-analysis. Preferably diagnostic 
tests should be evaluated both in terms of  patient outcome as well as diagnostic accuracy. In 
our study however insufficient data was available to analyse the effect on patient outcome. 
The classification of  the final diagnosis into urgent and non-urgent conditions has a major 
influence on the diagnostic value of  CRP and WBC. Using other classification systems such as 
inflammatory versus non-inflammatory diseases might lead to a higher diagnostic accuracy of  
CRP levels and WBC count but is less clinically applicable. Not all inflammatory conditions 
need urgent treatment, whereas some non-inflammatory conditions do need urgent treatment. 
We included all consecutive patients with acute abdominal pain presenting at the ED. Patients 
taking immunosuppressive drugs were not excluded, mimicking daily practice. This might 
have influenced the accuracy of  CRP. An advantage of  present study design is the ability to 
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analyse a large number of  patients in combined study cohorts. This gives the study a greater 
power and makes it possible to draw more firm conclusions. Incorporating the complete range 
of  values for CRP and WBC count in our analysis enabled us to analyse several clinically 
relevant cut-off values.

Future studies should aim at prospective assessment of  the use of  CRP levels and WBC 
count as a triage instrument for additional imaging, but evaluated in combination with all 
clinically relevant tests such as history and physical examination in a hierarchical manner 
closely mimicking daily practice. Studies have demonstrated that other biomarkers such as 
procalcitonin have a higher discriminatory value than CRP in diagnosing complicated acute 
appendicitis.22 These biomarkers could be assessed for their value as a triage instrument in 
patients with acute abdominal pain. An important factor that should be taken into account in 
these future studies is the time between onset of  complaints and moment of  determination of  
inflammatory parameters when assessing the diagnostic value. 
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Appendix 1 Overview of methodological quality of reporting of included studies according to the 
QUADAS-2 checklist 
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ABSTRACT

Aim

The aim of  this study was to evaluate whether contrast administration (oral, intravenous, 
rectal) increases accuracy of  Computed Tomography (CT) as compared to non-enhanced CT 
(NECT) in patients presenting at the Emergency Department (ED) with acute abdominal pain.

Methods

A systematic literature search was performed of  Medline, Embase and The Cochrane Library 
without any restrictions up to August 2014. An article was considered potentially relevant if  
the diagnostic accuracy of  CT and any type of  contrast agent was evaluated in unselected 
patients presenting at the ED with acute abdominal pain or if  multiple types of  contrast agents 
were evaluated head-to-head in unselected abdominal pain patients, or selected patients with 
the most common surgical causes of  an acute abdomen. A bivariate random effects model was 
used to obtain summary estimates the diagnostic accuracy 

Results

Eighteen studies (5890 patients) were eligible for inclusion. Eleven studies (4580 patients) 
investigated CT in acute abdominal pain and seven studies (1310 patients) performed a 
head-to- head comparison in selected patients. In unselected patients with acute abdominal 
pain, the pooled diagnostic accuracy of  CT with intravenous contrast, 90.6 per cent (95 per 
cent confidence interval (CI) 83 to 95 per cent), was non-significantly higher than the pooled 
diagnostic accuracy of  NECT, 73.4 per cent (95 per cent CI 44 to 91).  In the head-to-head 
comparison none of  the CT strategies resulted in significantly higher diagnostic accuracy. 

Conclusion

Based on current available evidence no diagnostic advantage in terms of  increased diagnostic 
accuracy could be established for any route of  contrast administration in patients with acute 
abdominal pain presenting at the ED.  
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INTRODUCTION

Abdominal pain is a frequent symptom of  patients presenting at the emergency department 
(ED).1 The first step in the evaluation of  patients with acute abdominal pain is clinical 
examination. However the diagnostic accuracy of  history and physical examination is low. 
Several studies have demonstrated that in an unselected patient cohort the clinical diagnosis 
was correct in only 43-59 per cent.2 Treatment and management based solely on the clinical 
diagnosis can result in unnecessary interventions or delay. 

Imaging modalities such as computed tomography (CT) and ultrasonography (US) are 
increasingly used to improve the diagnostic accuracy.3 Studies have demonstrated that CT 
results in the highest diagnostic accuracy, with the underlying cause being correctly diagnosed 
at CT in 62-96 per cent of  patients.1–5 In current clinical practice wide variation exists in the 
CT protocol used, especially as controversy exists regarding the need for enteral (oral and 
rectal) and intravenous contrast administration. 

The American college of  Radiologists and the American college of  Emergency Physicians 
are equivocal whether contrast agents are of  additional value.6,7Their guidelines state that the 
administration of  contrast differs based on institutional preferences. Different CT protocols 
are used, combining different types of  contrast administration (intravenous, oral or rectal) or 
without contrast administration.8–13intravenous (IV This variation is most likely based on local 
preferences in relation to the suspected underlying cause. Each type of  contrast agents has its 
advantages and disadvantages. 

Intravenous contrast improves tissue contrast and highlights certain pathologic findings 
such as bowel wall inflammation. Downside of  intravenous contrast is the cost and its potential 
to cause allergic reactions and contrast induced nephropathy. Oral contrast opacifies the 
bowel that can help differentiate the bowel from surrounding structures e.g. fluid collections 
and provides information regarding the bowel transit. Downsides of  oral contrast are patient 
discomfort and prolonged time to scanning due to time needed before adequate transit of  
contrast.10,14–19 Rectal contrast can be given in case of  suspected rectosigmoid perforation (e.g., 
complicated diverticulitis, perforated cancer) or anastomotic leakage but is associated with 
patient discomfort due to the administration and opacifies only the lower part of  the bowel. 

Whether contrast administration increases the diagnostic accuracy of  CT remains under 
debate.6,7 Underlying medical conditions such as acute kidney failure, contrast allergies or 
patient care issues might hinder the administration of  contrast medium in an Emergency 
Department setting. Increased time to scanning due to use of  contrast increases time before a 
final diagnosis and subsequent management is established. The benefits of  administration of  
contrast agents prior to CT should outweigh the downsides before administration of  contrast 
medium can be advised in patients with acute abdominal pain. 
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The aims of  this study were two-fold: (1) to evaluate whether contrast administration, 
and if  so which route of  administration, increases accuracy in patients presenting at the 
Emergency Department (ED) for acute abdominal pain by means of  a systematic review and 
meta-analysis, and (2) to evaluate whether contrast administration, and if  so which route of  
administration, increases accuracy in head-to-head comparison studies in the same patient 
population concerning the most common surgical causes of  acute abdominal pain namely 
acute appendicitis, diverticulitis, bowel obstruction and cholecystitis, also by means of  a 
systematic review and meta-analysis. 

METHODS

This systematic review and meta-analysis was performed according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis (PRISMA statement) guidelines. 

Search strategy 

Medline, Embase and The Cochrane Library were systematically searched without any 
restrictions up to August 2014. The search strategy included Mesh terms and free text words 
indexed for acute abdomen, abdominal pain, appendicitis, diverticulitis, bowel obstruction, 
cholecystitis combined with computed tomography and contrast agent. 

Study selection

Two independent reviewers evaluated the titles and abstracts of  all hits for eligibility (S.L.G. 
and J.J.A.). An article was considered potentially relevant if  the diagnostic accuracy of  CT and 
any type of  contrast agent was evaluated in patients presenting at the Emergency Department 
(ED) for acute abdominal pain. Studies specifically evaluating the diagnostic accuracy of  CT 
and multiple types of  contrast agents head-to-head in the same patient with acute abdominal 
pain or in patients with the most common surgical causes for acute abdominal pain (acute 
appendicitis, diverticulitis, bowel obstruction or cholecystitis) were also included. Acute 
abdominal pain was defined as abdominal pain existing between 1 hour and 5 days. Exclusion 
criteria were insufficient data reported to extract the number of  true positives, true negatives, 
false positives and false negatives. Studies evaluating acute abdominal pain of  traumatic or 
haemorrhagic origin or acute abdominal pain in patients with known pregnancy were also 
excluded. Full text was obtained of  all potentially relevant studies for further evaluation. 
Reference lists of  key articles and reviews were manually searched to identify additional articles 
and pursued if  relevant. In case of  disagreement consensus was reached through consultation 
of  a third independent reviewer (MB). 
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Data extraction 

Two reviewers extracted data from the included studies. In case of  discrepancy consensus 
was reached by discussion. Quality of  the included studies was assessed using The Quality 
Assessment of  Diagnostic Accuracy Studies 2 (QUADAS-2) score.

Study design, patient characteristics and quality

The following study design characteristics were extracted: study period, department of  the 
first author, country of  origin, criteria for patient selection. Patient characteristics such as the 
number of  patients included, the mean or median age and the age range and the male to 
female ratio were recorded. Technical characteristics of  computed tomography and type of  
contrast medium administered were also extracted if  available.

Reference standard

Information regarding the reference standard was extracted from studies. Details on number 
of  patients undergoing surgery and or diagnostic laparoscopy as well as features recorded at 
surgery or pathology were extracted. The duration of  follow up was also recorded. 

Primary outcome 

The diagnostic accuracy of  CT and any protocol of  administration of  contrast agents was the 
outcome of  interest. Contingency tables were extracted or reconstructed for each CT protocol 
reported in every study. When studies reported diagnostic accuracy compared between 
multiple observers only the data of  the observer with the highest accuracy was included. Other 
diagnostic accuracy parameters such as sensitivity, specificity, negative predictive value and 
positive predictive value were calculated from the 2 x 2 contingency tables or extracted from 
the original studies if  possible. Information regarding the negative side effects of  CT such as 
time to scanning and incidence of  contrast nephropathy were also recorded when available. 

Meta-analysis

Meta-analysis was performed with the studies that provided sufficient qualitative information 
to calculate a contingency table for any protocol of  CT scanning. An univariate random effects 
model was used to obtain summary estimates the diagnostic accuracy (correct diagnosis) and 
their corresponding 95 per cent confidence intervals (CI) for overall and subgroups on different 
types of  contrast administration. A Z-test for unpaired data was used to compare the diagnostic 
accuracy estimates between types of  contrast administration.

A bivariate random effects model was used to obtain summary estimates of  sensitivity 
and specificity with their corresponding 95 per cent CI in head-to-head comparison studies. 
A Z-test for paired data was used in the model to compare sensitivity and specificity between 
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types of  contrast administration; non-enhanced CT (NECT) vs Contrast Enhanced CT 
(CECT)(any contrast agent), oral vs IV, and NECT vs IV.

All statistical analyses were performed using SPSS (version 20.0, IBM, Armonk, New 
York, USA), Excel (Microsoft Office 2007; Microsoft, Redmond, Washington) and SAS 
(version 9.3, SAS institute Inc., Cary North Carolina). P values of  < 0.05 were considered to 
indicate statistical significance. 

RESULTS

Search strategy and study selection

The search yielded a total of  4442 hits. After exclusion of  duplicates 3889 titles and abstracts 
were screened for potential inclusion. The full text of  278 studies was retrieved for detailed 
examination. Inclusion criteria were not met in 260 studies, leaving 18 studies eligible for 
inclusion. Insufficient data to create a contingency table was the most common reason for 
exclusion. No additional studies were included after manual reference list searches. The 
complete study selection is depicted in figure 1. Eleven studies evaluated the diagnostic 
accuracy of  computed tomography in unselected patients with acute abdominal pain1,20–29 and 
7 studies were comparative studies on different contrast regimens for computed tomography in 
patients with acute abdominal pain or suspected acute appendicitis, acute pancreatitis, acute 
diverticulitis, bowel perforation or cholecystitis.9,12,13,30–33

Study characteristics 

All studies were published between 1997 and 2014. Studies were initiated by the department 
of  Radiology (n=15), the department of  Surgery (n=2) or the department of  Emergency 
Medicine (n=1). Eleven studies investigated the diagnostic accuracy of  CT in unselected 
patients with acute abdominal pain, and seven studies made a head-to-head comparison of  
contrast entities in selected patients with a clinical suspicion of  either acute appendicitis (n=5), 
abdominal pain (n=1) or diverticulitis (n=1). Table 1 and 2 summarizes further details on study 
characteristics. 

A total of  5890 patients were analysed in all 18 studies combined. The accuracy of  CT 
in patients with acute abdominal pain was evaluated in 11 studies comprising 4580 patients. 
Six studies investigated the accuracy of  intravenous contrast. Only one study investigated the 
combination of  oral and intravenous contrast and four studies investigated non-enhanced CT.  
Studies on the diagnostic accuracy of  rectal contrast were lacking.
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Articles excluded based on 
full-text

(n = 260)

Studies included in 
quantitative synthesis 

(meta-analysis) 
(n = 18)

Studies included in 
qualitative synthesis

(n = 18)

Full-text articles assessed 
for eligibility

(n = 278)

Records excluded
(n = 3611)

Records screened
(n = 3889)

Records identified through
database searching

(n = 4442)

Pubmed 2813
Embase 1576
Cochrane 53

Duplicates
(n = 553)

Figure 1 Flowchart depicting study selection



52

Chapter 2

Table 1 Characteristics of studies describing the diagnostic accuracy of computed tomography in 
unselected patients with acute abdominal pain

Study

Department 

of first author

Observer 

experience 

reported Reference standard Type of CT

Contrast 

used

Chin 21

2012

UK

Radiology No Expert panel or 

discharge diagnosis

Computed tomography 

with oral and IV 

contrast

IV, Omni-

paque; Oral, 

gastrografin

Haller 22

2010

Sweden

Radiology No Final diagnosis in 

medical report within 

30 days of radiological 

examination

Non enhanced standard 

dose computed 

tomography and 

low dose computed 

tomography

NS

Ham 20

2012

Canada

Medical 

imaging

No Not specified IV contrast enhanced 

portal venous phase 

abdominal computed 

tomography

NS

Lameris 1

2009

the Netherlands

Surgery Yes Expert panel based on 

follow up of 6 months

Computed tomography 

with IV contrast

NS

Mackersie 23

2005

USA

Radiology No Follow up of 6 months Unenhanced helical 

computed tomography

NS

Millet 24

2013

France

Medical 

imaging

Yes Surgery, pathology 

discharge diagnosis or 

clinical follow up

Computed tomography 

with IV contrast or non-

enhanced computed 

tomography

IV, Xenetix

Rosen 25

2000

USA

Radiology No Pathology, surgery or 

clinical follow up

Computed tomography 

with IV and selective 

oral contrast

NS

Sala 26

2007

UK

Radiology No Follow up of 6 months Computed tomography 

with IV contrast in 

portal venous phase

IV, lopamidol

Stromberg 27

2007

Sweden

Surgery No Follow up of 1 month Computed tomography 

with IV contrast

IV, ioversol

Tsushima 28

2002

Japan 

Radiology No Surgery, pathology or 

discharge diagnosis

Computed tomography 

with IV contrast

IV, ioversol

Udayasankar 29

2008

USA

Radiology No Follow up for 6 months Non contrast ultra-low 

dose abdomino pelvic 

computed tomography

NS

NS= not specified
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Table 2 Characteristics of head-to-head comparative studies on different contrast regimens for 
computed tomography in patients with acute abdominal pain or suspected acute appendicitis, 
acute pancreatitis, acute diverticulitis, bowel perforation or cholecystitis.

Study

Department of 

first author

Observer 

experience 

reported Reference standard Comparison

Suspected acute appendicitis

Chiu 30

2013

Taiwan

Emergency 

medicine 

No Follow up 6 months Non enhanced computed 

tomography vs enhanced computed 

tomography (IV only)

Jacobs 31

2001

USA

Radiology Yes Surgery or follow up Focused non-enhanced computed 

tomography (with oral contrast) vs 

non focused enhanced computed 

tomography (IV contrast)

Platon 12

2009

Switzerland

Radiology Yes Final discharge 

diagnosis or surgical 

reports

Low dose computed tomography 

with oral contrast vs standard dose 

IV contrast computed tomography

Tamburrini 13

2007

Italy

Radiology No Clinical follow up Non-enhanced computed 

tomography vs enhanced computed 

tomography (oral, rectal or IV)

Wise 32

2001

USA

Radiology No Surgery, pathology 

or 3 months clinical 

follow up

Unenhanced focused appendiceal 

computed tomography vs 

abdomino pelvic computed 

tomography with IV contrast vs 

focused appendiceal computed 

tomography with colonic contrast 

Suspected acute diverticulitis

Tack 33

2005

Belgium

Radiology Yes Expert panel based on 

follow up

Unenhanced low dose computed 

tomography vs IV enhanced 

standard dose computed 

tomography

Acute abdominal pain

Yeung 9

1997

Taiwan

Radiology No Surgery or clinical 

follow up

Non-enhanced computed 

tomography vs enhanced computed 

tomography (IV contrast)
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Table 3 Patient characteristics of included studies evaluating diagnostic accuracy of CT in patients 
with acute abdominal pain

Study

No of 

patients

% of 

women 

(n)

Mean age 

(y)

Patient 

selection Exclusion criteria

Chin 21 114 69% (79) 55 Acute severe 

abdominal pain

Abdominal pain of traumatic origin 

and patients referred for non-

contrast CT of kidney, bladder or 

ureter

Haller 22 222 51% (113) 66 Acute abdominal 

pain

Abdominal pain of traumatic origin, 

no operations or imaging the last 2 

weeks before presentation and age 

<18years old

Ham 20 127 59% (75) 58 (=TN)

55 (=FP)

Upper 

abdominal pain

No IV contrast, no portal venous 

phase, patients with diffuse flank 

and lower abdominal pain, history 

of trauma, abdominal surgery in 

past 3 months, active malignancy, 

pregnancy, age<18 and known 

inflammatory bowel disease

Lameris 1 1021 NS 47 (range 

19-94)

Acute abdominal 

pain

Haemorrhagic shock from 

gastrointestinal bleeding, ruptured 

aortic aneurysm or pregnancy and 

patients being considered to be 

discharged from the ED without 

imaging

Mackersie 
23

91 52% (47) 48.5 (+/-

18.7)

Non-traumatic 

acute abdominal 

pain

Patients who were clinically 

intoxicated, pregnant or vaginal blee-

ding/discharge as primary symptom, 

dysuria, haematuria without flank 

pain and men with non-hemorrhagic 

penile discharge.

Millet 24 339 56% (191) 83.7 (SD 

5.9)

Elderly patients 

with acute 

abdominal pain

Age <75years and missing data

Rosen 25 57 58% (33) 48 (range 

15-90)

Acute abdominal 

pain

NS

Sala 26 99 58% (57) 59(42-

73) *

Nonspecific 

acute abdominal 

pain

Age <18years, pregnancy, rectal 

bleeding, suspected renal colic, 

suspected gynaecologic disorders 

and traumatic origin
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Study

No of 

patients

% of 

women 

(n)

Mean age 

(y)

Patient 

selection Exclusion criteria

Stromberg 27 2222 NS NS Acute abdominal 

pain

No need for hospitalisation, 

suspicion of medical/gynaecologic 

cause, known malignancies, 

inflammatory bowel disease, trauma 

or recent laparotomy (<6months)

Tsushima 28 125 41% (51) 40.2 (+/-

19.3)

Acute abdominal 

pain

Pain >24 hours, abdominal surgery 

in the preceding 3 months

Udayasankar29 163 67% (110) 51 (19-82) Acute abdominal 

pain

NS

* median reported instead of mean investigated in one comparative study. 

In the 7 studies comparative studies a total of  1310 patients were investigated. Most 
studies, 5 in total, included patients suspected of  acute appendicitis. Patients suspected of  
acute diverticulitis were investigated in only one study and abdominal pain in general was 
alsoNone of  the studies compared different contrast entities in patients suspected of  acute 
cholecystitis or bowel obstruction. The age of  included patients ranged between 2 and 98 
year. A slight majority of  included patients was female, 57 per cent. Patient characteristics are 
summarized in Tables 3 and 4. 

Quality of the included studies

The quality of  included studies was assessed using the Quadas-2 tool (Appendix 1). All studies 
described a representative spectrum of  patients. The index test was performed without the 
reference test. The time between index and reference test varied between included studies. 
The reference standard was similar between patients with a positive and negative index 
test, however between studies discrepancy existed in reference standard used. Most studies 
incorporated the index test (CT) in their reference standard increasing the risk of  bias. In none 
of  the studies the outcome assessors were blinded for the index test (Appendix 2). Follow up or 
pathology reports were most commonly used as the reference standard.

Diagnostic accuracy of CT in patients with acute abdominal pain

The individual results of  the 11 studies analysing the diagnostic accuracy of  CT in patients 
with acute abdominal pain are summarized in Table 5. The diagnostic accuracy of  CT varied 
between 38 and 96.8 per cent. The pooled diagnostic accuracy was 86.3 per cent (95 per cent 
CI 75 to 93). In 4.4-41 per cent of  patients the diagnosis was incorrect or non-specific on CT. 

Table 3 Continued
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Six studies evaluated the diagnostic accuracy of  CT with intravenous contrast,1,20,21,26-28 of  
which two studies provided insufficient data for pooled analysis. The remaining four studies 
demonstrated that CT with intravenous contrast had a pooled diagnostic accuracy of  90.6 per 
cent (95 per cent CI 83 to 95).1,21,27,28 Three other studies evaluated the diagnostic accuracy of  
NECT.22,23,29 The pooled diagnostic accuracy of  NECT was 73.4 per cent (95 per cent CI 44 to 
91), being non-significantly lower than the pooled diagnostic accuracy of  CT with intravenous 
contrast.

Head-to-head comparison NECT vs CECT (any contrast)

Three studies compared NECT with CECT in patients suspected of  acute appendicitis (Table 
6). The pooled sensitivity and specificity of  NECT were 89.1 per cent (95 per cent CI 83 to 93) 
and 94.8 per cent (95 per cent CI 92 to 96), respectively. The pooled sensitivity and specificity 
of  CECT were not significantly different, 91 per cent (95 per cent CI 83 to 95) and 92.4 per 
cent (95 per cent CI 88 to 95), respectively.13,30,32

Table 4 Patient characteristics of included studies for head-to-head comparison of contrast agents 
in selected patients t specified

Study

No of 

patients

% of wo-

men (n)

Mean 

age (y)

Patient 

selection Exclusion criteria

Chiu 30 100 45% (45) 49.3 

(range 

18-90)

Suspicion 

of acute 

appendicitis

No appendicitis diagnosed intra 

operatively, no iv contrast or oral 

contrast agents administered

Jacobs 31 228 64% (145) 32 

(range 

13-87)

Suspicion 

of acute 

appendicitis 

Crohn, inability to receive contrast or 

previous appendectomy

Platon 12 86 52% (45) 45.6 

(range 

18-96)

Suspicion 

of acute 

appendicitis 

Pregnancy

Tack 33 110 64% (70) 57 

(range 

30-82)

Suspicion of 

diverticulitis

NS

Tamburrini 13 536 65% (316) 38 

(range 

18-86) 

Suspicion 

of acute 

appendicitis

NS

Wise 32 100 74% (74) 38 

(range 

18-86)

Suspicion 

of acute 

appendicitis 

NS

Yeung 9 150 43% (65) 52.4 

(range 

2-98)

Acute abdomen NS
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Head to head comparison NECT vs CECT with IV contrast

The diagnostic accuracy of  NECT compared to CT with intravenous contrast was investigated 
in two studies in patients with suspected appendicitis.30,32 Pooled sensitivity and specificity of  
NECT were 89.4 per cent (95 per cent CI 79 to 95) and 94.8 per cent (95 per cent CI 89 to 
97), respectively. CT with intravenous contrast resulted in a pooled sensitivity and specificity of  
92.4 per cent (95 per cent CI 83 to 97) and 89.6 per cent (9 per cent CI 83 to 94), respectively. 
The diagnostic accuracy of  CT with intravenous contrast was not significantly higher than 
that of  NECT.

Head to head comparison CECT with Oral vs CECT with IV contrast

Two studies compared CT with oral contrast with CT enhanced by intravenous contrast, 
again in patients suspected of  acute appendicitis.12,31 CT with oral contrast resulted in a pooled 
sensitivity of  84.1 per cent (95 per cent CI 75 to 90) and specificity of  94.7 per cent (95 per 
cent CI 91 to 97). CT with intravenous contrast resulted in a pooled sensitivity of  93.2 per 
cent (95 per cent CI 86 to 97) and specificity 96.0 per cent (95 per cent CI 93 to 98). There was 
no significant difference in diagnostic accuracy between both types of  contrast enhancement.

Negative side effects

One study reported the patient discomfort on a scale ranging between 0 and 10.32 Mean 
patient discomfort whilst using unenhanced CT was significantly lower, 4.2, compared to 6.7 
when using focused CT with colonic contrast material (p<0.001). None of  the studies reported 
information regarding the incidence of  contrast nephropathy or the difference in time to 
CT scanning regarding different routes of  contrast administration. One study reported the 
difference in total duration of  hospital stay when comparing their standard diagnostic work-up 
with CT in all patients.26 On average the hospital stay was almost 1 day shorter for patients in 
the CT group with a median stay of  4.2 days (IQR 1.1-7.6) compared to 5.3 days (IQR 2-9.5 
days).

DISCUSSION

The administration of  contrast agents regardless of  the route of  administration does not 
significantly increase the diagnostic accuracy in patients presenting with acute abdominal pain 
at the ED. Studies comparing CT with administration of  intravenous contrast and NECT 
demonstrated a higher diagnostic accuracy of  intravenous contrast although not statistically 
significant. The pooled diagnostic accuracy of  CT with intravenous contrast was 90.6 per 
cent (95 per cent CI 83 to 95) compared with 73.4 per cent (95 per cent CI 44 to 91) for 
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NECT. The diagnostic accuracy between different types of  contrast was also comparable in 
studies performing a head-to-head comparison in selected patients, predominantly patients 
with suspected appendicitis. The pooled sensitivity and specificity were not significantly higher 
when comparing CECT and NECT. Furthermore, there was no significant difference when 
comparing CT with oral and intravenous contrast. In general, studies on the value of  rectal 
contrast were lacking.

In current literature no consensus exists regarding the role of  contrast agents and their 
perceived diagnostic advantage in patients with acute abdominal pain. Only a limited amount 
of  studies evaluated the diagnostic accuracy of  CT in patients with acute abdominal pain and 
only one study compared different CT strategies. These studies provide contrasting outcomes 
regarding the use of  contrast agents in patients with acute abdominal pain. For selected 
patients the additional value of  contrast agents also remains under debate. Several previous 
studies have examined the potential advantage of  different routes of  contrast administration 
in selected patients. These studies have reached conflicting conclusions whereas some studies 
demonstrated that NECT resulted in similar accuracy as contrast enhanced CT whilst other 
studies clearly demonstrated an advantage of  contrast administration.8,10,14,18,34

Unfortunately only one study examined the diagnostic value of  different contrast agents 
in patients with acute abdominal pain and acute diverticulitis in a head-to-head manner, and 
five studies investigated patients suspected of  acute appendicitis in this way. A head-to-head 
comparison provides the best evidence and leads to the least risk of  bias. This might be due 
to the fact that the comparison of  different contrast entities for research purposes remains 
challenging. First of  all due to ethical reasons, the additional exposure to ionizing radiation 
increases stochastic effects. Secondly once contrast is administered it will take time before 
the contrast is cleared and another CT strategy can be examined. In a crowded ED this 
will automatically lead to extended throughput of  patients and possible delay of  necessary 
treatment. The easiest and most ethical comparison in strategies is NECT versus any other 
type of  contrast. Thus this is by far the most investigated comparison, possibly leading to a 
selection bias. 

Only one study evaluated rectal contrast. This study compared the value of  non-
enhanced CT versus rectal contrast and intravenous contrast in patients suspected of  acute 
appendicitis.32 The accuracy of  rectal contrast was comparable with the diagnostic accuracy 
of  NECT. The diagnostic accuracy of  intravenous contrast was higher. The possible value of  
rectal contrast lies in its ability to depict intra-luminal pathology. Nevertheless in this study 
rectal contrast did not provide any added value. It is well established that around 10% of  
patients presenting with a presumed complicated diverticulitis on CT scan have an underlying 
colorectal carcinoma.34 A disadvantage of  rectal contrast might be the logistical challenge 
for administration in an ED setting. Oral contrast administration was evaluated in only two 
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studies including patients suspected of  acute appendicitis.12,31 Oral contrast had no additional 
value when compared to intravenous contrast in these patients. Due to the downsides of  oral 
contrast, such as patient discomfort and prolonged time due to ingestion of  contrast, there 
seems little additional value of  oral contrast. 

Several limitations of  this review need to be addressed. First, the outcomes of  the 
individual studies were dependent on the choice of  reference test and the definition of  a 
positive index test. In most of  the included studies the reference test consisted of  the index test, 
CT, which could introduce bias. Ideally the final diagnosis should be based on an objective 
parameter such as pathology, however this would be impossible in daily practice since not all 
causes of  acute abdominal pain necessitate surgical intervention. Even in studies investigating 
patients suspected of  acute appendicitis, an entity that usually does necessitate surgery, it is 
impossible to provide pathology in all suspected patients. Within studies the reference test 
also differs. Some patients will have undergone surgery while in other patients follow up is the 
best available evidence of  the final diagnosis. We aimed to minimize the risk of  bias by only 
including studies with an acceptable reference standard. 

The outcomes of  the individual studies are also dependent on the observer experience. 
This differed between and within the included studies, which could introduce another risk of  
bias. In some studies the radiologists that judged the CT scans were residents or radiologists 
with limited experience during working hours. In other studies an experienced radiologist re-
evaluated the CT scans performed outside of  working hours. We tried to minimize this bias 
by performing a separate analysis on studies comparing contrast types head to head in the 
same patients. Ahead-to-head comparison in the same patient provides the most accurate and 
objective information regarding the additional diagnostic value. In the head to head comparison 
the same radiologist usually evaluated the different CT strategies in the same patient. Despite 
these differences our results reflect daily practice, as the experience of  radiologists reading CT 
scans in daily practice may differ.  

Based on current available evidence no diagnostic advantage in terms of  increased diag-
nostic accuracy could be proven for any type and route of  contrast administration in patients 
with acute abdominal pain presenting at the ED. No studies have demonstrated additional 
advantages of  intravenous, oral or rectal contrast over non-enhanced CT, although available 
evidence is limited. When balanced with the disadvantages such as patient discomfort and the 
risk of  contrast-nephropathy, the administration of  any contrast agent cannot be supported 
based on current literature. Future head-to-head studies in unselected patients with acute abdo-
minal pain and in subgroups suspected of  common surgical causes of  acute abdominal pain 
are needed that compare different CT strategies assessing the additional value of  intravenous, 
rectal and oral contrast or combinations of  contrast agents over non-enhanced CT. 
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Table 5 Diagnostic accuracy of CT in unselected patients with acute abdominal pain 

Study Contrast Diagnosis correct (%)

Diagnosis incorrect or 

a-specific (%)

CT of diagnostic  

value (%)

Chin 21 IV 105/120 (87.5%) 15/120 (12.5%) NS

Ham 20 IV True negative  

81/127 (63.7%)

False negative  

46/127 (36.2%)

NS

Lameris 1 IV 867/1021 (84.9%) 154/1021 (15.1%) 147/1021 (14.3%)

Stromberg 27 IV 2151/2222 (96.8%) 71/2222 (3.2%) NS

Tsushima 28 IV 116/125 (92.8%) 9/125 (7.2%) 27/125 (21.6%)

Sala 26 IV NS NS 20/99 (20%)

Pooled diagnostic accuracy IV CECT           90.6% (95% CI 83-95%)

Mackersie 23 NECT 87/91 (95.6%) 4/91 (4.4%) NS

Haller 22 NECT 23/60 (38%) a

45/76 (59%) b

37/60 (62%) a

31/76 (41%) b

33/60 (49%) a

58/76 (72%) b

Udayasankar 
29

NECT 127/163 (77.9%) 36/163 (22%) NS

Pooled diagnostic accuracy NECT              73.4% (95% CI 44-91%)

Millet 24 IV/NECT 291/333 (87.4%) 42/333 (12.6%) NS

Rosen 25 IV+ORAL* 41/44 (93.2%) 3/41 (7.3%) NS

Overall pooled diagnostic accuracy CT      86.3% (95% CI 75-93%)

* either IV or ORAL contrast was used in this study, a= standard dose CT, b= low dose CT
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Table 6 Diagnostic accuracy of studies comparing different types of contrast agents head to head in 

selected patients 

Study Comparison Sensitivity Specificity Accuracy N

Chiu 30 NECT 90.5% 100% 96% 100

CECT 100% 94.8% 97%

Tamburrini 13 NECT 90% 96% 95% 404

CECT 95.7% 92.2% 93% 126

Wise 32 NECT 71% 91% 87% 100

IV 83% 85% 85% 100

RECTAL 74% 87% 84% 100

Pooled NECT 89.1%  

(95%CI 83-93)

94.8%  

(95%CI 92-96)

Pooled CECT 91%  

(95% CI 83-95)

92.4%  

(95% CI 88-95)

Wise 32 NECT 71% 91% 87% 100

IV 83% 85% 85% 100

Chiu 30 NECT 90.5% 100% 96% 100

IV 100% 94.8% 97% 100

Pooled NECT 89.4%  

(95%CI 79-95)

94.8%  

(95% CI 89-97)

Pooled IV 92.4%  

(95% CI 83-97)

89.6%  

(9% CI 83-94)

Jacobs 31 ORAL 76.2% 94.4% NS NS

IV 91.3% 95.1% NS NS

Platon 12 ORAL 95% 96% NS 86

IV 100% 96% NS 86

Pooled ORAL 84.1%  

(95% CI 75-90)

94.7%  

(95% CI 91-97)

Pooled IV 93.2%  

(95% CI 86-97)

96.0%  

(95% CI 93-98)

Yeung 9 * NECT NS NS 89% 150

IV NS NS 87% 150

Tack 33 * NECT 100% 99% NS NS

IV 100% 100% NS NS

NS= not specified. IV= intravenous contrast, O= oral contrast, E= enteral contrast, R= rectal contrast, NECT= 

non enhanced CT, ECT= enhanced contrast CT. * comparison in selected patients other than suspected of acute 

appendicitis. Therefore these studies have been excluded from pooling. 
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ABSTRACT

Aim:

Low levels of  white blood cell (WBC) count and C-reactive protein (CRP) have been suggested 
to sufficiently rule out acute appendicitis. The diagnostic value is likely to depend on duration 
of  complaints. The aim of  this study was to evaluate the accuracy of  these inflammatory 
markers in relation to duration of  symptoms in patients suspected of  acute appendicitis.

Methods

Patients suspected of  having acute appendicitis were retrospectively selected from five 
prospective cohorts of  patients with acute abdominal pain presenting at the emergency 
department in two European countries. Only adult patients with clinical suspicion of  acute 
appendicitis based on medical history, physical examination and laboratory studies  at the time 
of  registration in the original cohorts  were included in the present analysis. WBC count and 
CRP level were determined in all patients and a final diagnosis was assigned to every patient 
by an expert panel based on all available clinical data and follow-up. For categories based 
upon symptom duration the diagnostic accuracy of  single and combined cut-off values was 
determined and negative predictive values (NPV) and positive predictive values (PPV) were 
calculated. Furthermore, subgroup analyses for age (< 40 years or ≥ 40 years) and gender 
were performed. 

Results

In total, 1024 patients with clinically suspected  acute appendicitis were included, of  which 
580 (57 per cent) were assigned a final diagnosis of  appendicitis. No value of  WBC count, 
CRP level or their combination resulted in a NPV of  more than 90 per cent, regardless of  
the duration of  symptoms. A WBC count of  > 20 x 109/L in combination with symptoms 
for more than 48 hours was associated with a PPV of  100 per cent. However, only 8 of  1024 
patients (1 per cent) fulfilled these criteria, and the clinical applicability is therefore limited. No 
other cut-off level of  WBC count, CRP level, or their combination, resulted in a PPV of  more 
than 80 per cent, regardless  of  the duration of  symptoms. In female patients normal levels 
of  CRP and WBC count more accurately excluded the diagnosis of  appendicitis than normal 
levels did in male patients.

Conclusion

No WBC count or CRP level can safely and sufficiently confirm or exclude the suspected 
diagnosis of  acute appendicitis in patients who present with abdominal pain of  five days or 
less in duration.  
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INTRODUCTION

Although acute appendicitis is one of  the most common underlying conditions in patients 
presenting with acute abdominal pain at the emergency department, its diagnosis remains 
a clinical challenge.1,2 Currently, almost all adult patients suspected of  having appendicitis 
undergo imaging studies to rule-in or rule-out  the diagnosis, as suggested in  national 
guidelines.3,4 The increased use of  imaging has been shown to successfully improve diagnostic 
accuracy and to decrease the negative appendectomy rate.5-7  However, several disadvantages 
are associated with imaging. It is time-consuming, can contribute to emergency-department 
(ED) crowding and, in case of  computed tomography (CT), exposes patients to ionizing 
radiation and is therefore associated with the risk of  cancer induction and cancer related 
death. Methods to exclude or confirm the suspected diagnosis of  acute appendicitis, without 
performing imaging, are therefore desirable. 

The inflammatory markers white blood cell count (WBC) and C-reactive protein (CRP) 
are widely used in the diagnostic process in patients with suspected appendicitis. The diag-
nostic value of  these markers in acute appendicitis has been extensively studied and both are 
shown to fall short when used as a single diagnostic marker.8 However, when combined they 
show high discriminatory power.8 Furthermore, low levels of  inflammatory markers have been 
suggested to sufficiently rule out acute appendicitis.9-11 The diagnostic value seems to depend 
on duration of  complaints. The diagnostic value is claimed to be higher in patients presenting 
with symptoms for more than 12 hours.11, 12 A similar effect of  the duration of  symptoms 
on the diagnostic accuracy of  several diagnostic tests for acute appendicitis has previously  
been demonstrated.13-16 

The aim of  the present study was to evaluate the diagnostic accuracy of  WBC count 
and CRP level, in relation to duration of  symptoms, in patients clinically suspected of  acute 
appendicitis.

METHODS

Study Design

This was a retrospective review of  five cohort studies.1,17–22 All studies were approved by the 
medical ethics committee of  the initiating centre. All patients included in the two multicentre 
diagnostic accuracy studies gave written informed consent. For all other studies, the need for 
informed consent was waived by the medical ethics committee. The first study was financially 
supported by Dalarna Country Council, the Bengt Ihre foundation, and the Department 
of  Surgery in Mora.17 The multicentre diagnostic accuracy studies were both funded by 
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the Dutch Organization for Health Research and Development as part of  the Health Care 
Efficiency Research program (ZonMw grant no. 94504308 and 171001005).1,18 There was 
no involvement of  any organization in the design of  this study, nor in the data analysis and 
preparation of  the manuscript.

Study setting and population

Patients with clinically suspected acute appendicitis were selected from five cohorts of  patients 
with   acute abdominal pain presenting at the ED in two European countries (Sweden and 
the Netherlands). The clinical suspicion of  appendicitis by the attending physician was made 
and registered prospectively in all five original study cohorts.  For this study we retrospectively 
selected, from the electronic databases of  the original five studies, all patients who had been 
designated to have suspicion of  acute appendicitis by their examining physicians. Details on 
these cohorts are given in Table 1.1,17–22 The quality of  the five cohorts was assessed with use of  
the QUADAS-2 tool (Appendix 1).23 The first cohort included prospectively enrolled patients 
with abdominal pain up to 7 days’ duration presenting at a single centre between February 
1997 and June 2000.17 Data on the second cohort of  patients were collected as part of  a 
multicentre diagnostic accuracy study on imaging strategies in patients with acute abdominal 
pain. Adult patients were included between March 2005 and December 2006 at the ED if  
they presented with non-traumatic abdominal pain of  more than 2 hours’ and less than 5 
days’ duration.1,18 The third cohort was part of  a study on the efficacy of  standard outpatient 
revaluation and enrolled patients with acute abdominal pain presenting at a single centre 
between June 2005 and

July 2006.19 The fourth cohort included patients suspected of  having acute appendicitis 
between March and September 2010. In this multicentre diagnostic accuracy study, imaging 
strategies with conditional contrast-enhanced CT and unenhanced magnetic resonance 
imaging were compared in patients with suspected appendicitis.20,21 The final cohort was 
prospectively collected as part of  a multicentre study on the inter-examiner difference in 
diagnosis in acute abdominal pain and the role of  decision tools.22 This final cohort included 
patients presenting with abdominal pain with a duration of  more than 2 hours and less than 5 
days between December 2009 and January 2013.

For each patient in all described cohorts, the attending physician at the ED or a surgical 
resident made a clinical diagnosis at the time of  the study. This diagnosis was based on medical 
history, physical examination, and laboratory tests. Only adult patients (≥18 years of  age) who 
were clinically suspected of  having acute appendicitis were selected from the five cohorts and 
were included in the current analysis. Specific criteria for the clinical diagnosis of  appendicitis 
were not set; this was left to the discretion of  the attending physician. Patients less than 18 years 
of  age and patients with symptoms for more than 5 days were excluded. Furthermore, patients 
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with missing data on duration of  symptoms, WBC count, or CRP level were also excluded. 
If  patients had multiple ED visits, only data from the first visit were included in the analysis.

Study protocol

In all studies, the attending physician at the ED or a surgical resident assigned a clinical 
diagnosis to each patient based on medical history, physical examination, and laboratory 
tests. Medical history included the duration of  symptoms, which was defined as the period 
from the moment the patient first felt ill until the time of  presentation at the ED, as reported 
by the patient. Blood samples for WBC count and CRP level determination were routinely 
obtained in all patients directly or shortly after presentation at the ED. The reference standard 
for the diagnosis of  appendicitis for our study was based on that of  the original studies: the 
final diagnosis as assigned to each patient by an expert panel, based on all available data 
(histopathology, imaging, surgical findings and clinical information and follow-up; Table 1).

Data Analysis

Means with standard deviation (SD), nonnormally distributed continuous data as medians 
with interquartile ranges (IQRs). The characteristics of  patients with a final diagnosis of  
acute appendicitis were compared with patients with alternate diagnoses with unpaired 
t-tests, Mann-Whitney U-tests, and chi-square tests, as appropriate. To correct for multiple 
comparisons, a Holm-Bonferroni correction was applied to all p-values. The capacity of  both 
WBC count and CRP level to discriminate patients with acute appendicitis from patients 
without appendicitis was characterized by calculating the area under the corresponding 
receiver operator characteristics curve (AUC). An AUC of  0.80 or higher was considered to 
indicate good discrimination.24 Values of  CRP and WBC counts were categorized into several 
clinically applicable cut-off values (10, 15, and 50 mg/L for CRP; 10 9 109 and 15 9 109/L 
for WBC count). The diagnostic accuracy of  these cut-off values and combinations for acute 
appendicitis was determined by regarding patients with inflammatory marker levels higher 
than the respective cut-off levels as   “test-positives” and patients with appendicitis as “disease-
positives.” Subsequently, for each of  the cut-off values the test results were compared with the 
final diagnoses and 2 x 2 contingency tables were  constructed. Positive predictive values (PPV) 
and negative predictive values (NPV) with corresponding 95 per cent confidence intervals (CI) 
were calculated for each cut-off value, with PPV indicating the probability of  having acute 
appendicitis when presenting with inflammatory marker levels above the cut-off value. We 
also calculated the number of  missed cases of  appendicitis (i.e., patients with appendicitis and 
inflammatory marker levels below the cut-off value) and the number of  false-positive cases 
(i.e., patients without appendicitis and inflammatory marker levels above the cut-off value) 
for all studied cut-off values. The above-described analysis of  diagnostic performance was 



72

Chapter 3

performed for all included patients and repeated for each of  the three patient categories based 
on the duration of  symptoms at time of  presentation: <24, 24 to 48, and >48 hours. Subgroup 
analyses were performed for age (<40 years of  age or ≥ 40 years of  age, based on the mean 
age of  our study cohort) and sex. All statistical analyses were performed with SPSS software 
version 20.0. p-values of  0.05 or less were considered to indicate statistical significance.

Table 1 Characteristics of included cohorts

First author Laurell16 Lameris1 Toorenvliet18 Leeuwenburgh19 Gans22

Country Sweden The Netherlands The Netherlands The Netherlands The Netherlands

Inclusion period February 1997 and June 2000 March 2005 and December 2006 June 2005 and July 2006 March 2010 and September 2010 December 2009 and January 2013

Setting Single center Multicenter Single center Multicenter Multicenter

Inclusion criteria Abdominal pain up to 7 days, >1 

year old

Non-traumatic abdominal pain >2 

hours and <5 days, ≥18 years old

Non-traumatic acute abdominal 

pain

Clinically suspected of acute 

appendicitis, ≥18 years old

Non-traumatic abdominal pain >2 

hours and <5 days, ≥18 years old

Exclusion criteria Tourists Haemorrhagic shock due to 

gastrointestinal bleeding or 

ruptured aortic aneurysm, pregnant 

women, patients considered to be 

discharged without imaging

Radiological examination prior to 

consultation at ED, consultation 

for same complaint at different 

hospital

Contraindication for MR imaging, 

in need of intensive vital organ 

function monitoring, pregnant 

women

Haemorrhagic shock due to 

gastrointestinal bleeding or 

ruptured aortic aneurysm, pregnant 

women

Number of adult patients in 

original cohort 

2851 1021 503 230 (294)

Diagnosis of suspected 

appendicitis

By attending physician based 

on history, symptoms, clinical 

signs and results of laboratory 

investigations (no specific criteria)

By attending physician based 

on medical history, physical 

examination, and initial laboratory 

investigations (no specific criteria)

By surgical resident based on 

the patient’s history, physical 

examination, and biochemical 

blood and urine analyses (no 

specific criteria)

By attending physician based 

on medical history, physical 

examination,

and laboratory findings (no specific 

criteria)

By attending physician based 

on medical history, physical 

examination, and initial laboratory 

investigations (no specific criteria)

Reference standard Follow-up at 1 year with diagnostic 

criteria according to the World 

Organization of Gastroenterology 

multinational survey on acute 

abdominal pain35

Diagnosis by expert panel (two 

gastrointestinal surgeons and an 

abdominal radiologist) bases on 

data on clinical, laboratory, and 

surgical findings; pathology results; 

imaging reports; and outcomes of 

treatment, with at least six months 

follow-up

Diagnosis by expert panel (two 

surgical residents) based on intra 

operative and histological findings 

in combination with follow-up

Diagnosis by expert panel (two 

surgeons and one radiologist) 

based  on histopathologic findings 

or clinical information,

imaging findings from US and CT, 

surgery, and at least 3 months 

follow-up

Diagnosis by expert panel (two 

surgeons) based on all available 

information including 3 months 

follow-up

Number of adult patients 

suspected of appendicitis included 

in the present analysis‡

200 421 57 210 136

Final diagnosis of appendicitis 106 (53%) 251 (60%) 35 (61%) 109 (52%) 79 (58%)

Age, Mean (SD) 39.4 (18.8) 39.7 (15.0) 40.4 (17.2) 37.5 (15.7) 36.1 (14.1)

Female sex , No (%) 110 (55%) 225 (53%) 25 (44%) 127 (61%) 76 (56%)

‡ Excluded were patients with symptoms > 5 days and patients with missing data on CRP level, WBC count or 

duration of symptoms
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Table 1 Characteristics of included cohorts

First author Laurell16 Lameris1 Toorenvliet18 Leeuwenburgh19 Gans22

Country Sweden The Netherlands The Netherlands The Netherlands The Netherlands

Inclusion period February 1997 and June 2000 March 2005 and December 2006 June 2005 and July 2006 March 2010 and September 2010 December 2009 and January 2013

Setting Single center Multicenter Single center Multicenter Multicenter

Inclusion criteria Abdominal pain up to 7 days, >1 

year old

Non-traumatic abdominal pain >2 

hours and <5 days, ≥18 years old

Non-traumatic acute abdominal 

pain

Clinically suspected of acute 

appendicitis, ≥18 years old

Non-traumatic abdominal pain >2 

hours and <5 days, ≥18 years old

Exclusion criteria Tourists Haemorrhagic shock due to 

gastrointestinal bleeding or 

ruptured aortic aneurysm, pregnant 

women, patients considered to be 

discharged without imaging

Radiological examination prior to 

consultation at ED, consultation 

for same complaint at different 

hospital

Contraindication for MR imaging, 

in need of intensive vital organ 

function monitoring, pregnant 

women

Haemorrhagic shock due to 

gastrointestinal bleeding or 

ruptured aortic aneurysm, pregnant 

women

Number of adult patients in 

original cohort 

2851 1021 503 230 (294)

Diagnosis of suspected 

appendicitis

By attending physician based 

on history, symptoms, clinical 

signs and results of laboratory 

investigations (no specific criteria)

By attending physician based 

on medical history, physical 

examination, and initial laboratory 

investigations (no specific criteria)

By surgical resident based on 

the patient’s history, physical 

examination, and biochemical 

blood and urine analyses (no 

specific criteria)

By attending physician based 

on medical history, physical 

examination,

and laboratory findings (no specific 

criteria)

By attending physician based 

on medical history, physical 

examination, and initial laboratory 

investigations (no specific criteria)

Reference standard Follow-up at 1 year with diagnostic 

criteria according to the World 

Organization of Gastroenterology 

multinational survey on acute 

abdominal pain35

Diagnosis by expert panel (two 

gastrointestinal surgeons and an 

abdominal radiologist) bases on 

data on clinical, laboratory, and 

surgical findings; pathology results; 

imaging reports; and outcomes of 

treatment, with at least six months 

follow-up

Diagnosis by expert panel (two 

surgical residents) based on intra 

operative and histological findings 

in combination with follow-up

Diagnosis by expert panel (two 

surgeons and one radiologist) 

based  on histopathologic findings 

or clinical information,

imaging findings from US and CT, 

surgery, and at least 3 months 

follow-up

Diagnosis by expert panel (two 

surgeons) based on all available 

information including 3 months 

follow-up

Number of adult patients 

suspected of appendicitis included 

in the present analysis‡

200 421 57 210 136

Final diagnosis of appendicitis 106 (53%) 251 (60%) 35 (61%) 109 (52%) 79 (58%)

Age, Mean (SD) 39.4 (18.8) 39.7 (15.0) 40.4 (17.2) 37.5 (15.7) 36.1 (14.1)

Female sex , No (%) 110 (55%) 225 (53%) 25 (44%) 127 (61%) 76 (56%)

‡ Excluded were patients with symptoms > 5 days and patients with missing data on CRP level, WBC count or 

duration of symptoms

RESULTS

The five cohorts combined included a total of  1024 adult patients with clinical suspicion of  
acute appendicitis. The mean (±SD) age of  the included patients was 39 (±16.0) years, and 55 
per cent (n = 563) were female. Of  the 1024 patients, 580 (57 per cent) were assigned a final 
diagnosis of  acute appendicitis. The rate of  acute appendicitis within the separate cohorts 
ranged from 52 to 61 per cent and did not differ significantly among study cohorts (p = 0.27). 
The alternate final diagnoses of  the remaining 444 patients are listed in Table 2.
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Table 2 Final diagnoses in 1024 patients clinically suspected of having acute appendicitis

Final diagnosis Number of patients (%)

Acute appendicitis 580 (56.6)

Nonspecific abdominal pain 163 (15.9)

Acute diverticulitis 49 (4.8)

Small bowel/colon inflammation 40 (3.9)

Gynecologic disorder: non-urgent (benign adnexa cyst, 

endometriosis, uterine fibroid)

34 (3.3)

Gynecologic disorder: urgent (pelvic inflammatory disease, 

bleeding/rupture ovarian cyst)

29 (2.8)

Gastroenteritis 22 (2.1)

Urinary tract disorder: non-urgent (simple urinary tract infection) 13 (1.3)

Urinary tract disorder: urgent (urinary tract stone with obstruction, 

pyelonephritis)

12 (1.2)

Perforated viscus 9 (0.9)

Acute cholecysitits 8 (0.8)

Bowel obstruction 6 (0.6)

Constipation 6 (0.6)

Malignancy 6 (0.6)

Acute epiploic appendagitis 5 (0.5)

Cholecystolithiasis 5 (0.5)

Mesenteric lymphadenitis 3 (0.3)

Acute pancreatitis 2 (0.2)

Other 32 (3.1)

Table 3 Patient characteristics of 1024 patients clinically suspected of having acute appendicitis, 
compared between patients with a final diagnosis of acute appendicitis (n=580) and patients with 
an alternate diagnosis (n=444).

Patients with 

acute appen-

dicitis (n=580)

Patients with 

alternate diag-

noses (n=444)

Total

(n=1024)

p 

value†

Age – Mean (SD) 38.9 (15.0) 38.6 (17.2) 38.8 (16.0) 0.80

Female sex – No (%) 257 (44.3) 306 (68.9) 563 (55.0) <0.01

Duration of complaints

< 24 hours – No (%) 150 (25.9) 135 (30.4) 285 (27.8) 0.22

24 hours - 48 hours – No (%) 318 (54.8) 183 (41.2) 501 (48.9) <0.01

> 48 hours – No (%) 112 (19.3) 126 (28.4) 238 (23.2) <0.01

White Blood Cell Count x 109/L – Median 

(IQR)
13.6 (11.0-16.6) 10.9 (8.3-14.0) 12.5 (9.8-15.6)

<0.01

C-reactive protein in mg/L – Median (IQR) 37.0 (12.0-86.75) 25.8 (7.0-79.0) 34.1 (9.0-84.0) <0.01

SD = standard deviation, IQR = interquartile range, L=liter, mg=milligram
†Adjusted for multiple comparisons using the Holm–Bonferroni method
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Patient characteristics are depicted in Table 3. Female patients were more frequently 
diagnosed with an alternate diagnosis than acute appendicitis (68.9 per cent versus 44.3 per 
cent; p<0.01). Patients with appendicitis, compared to patients with an alternate diagnosis, 
more frequently presented with duration of  symptoms between 24 hours and 48 hours (54.8 per 
cent versus 41.2 per cent; p<0.01). Patients with alternate final diagnoses more often presented 
with symptoms existing for more than 48 hours compared to patients with appendicitis (19.3 
per cent versus 28.4 per cent; p<0.01). Patients with a final diagnosis of  appendicitis had a 
higher median white blood cell count (13.6 x 109/L; IQR 11.0-16.6) versus 10.9 x 109/L; IQR 
8.3-14.0); p<0.01) and a higher median CRP level (median 37.0 mg/L; IQR 12.0-86.8) versus 
median 25.8 mg/L (IQR 7.0-79.0; p<0.01) than patients with alternate final diagnoses. 

The inflammatory marker levels of  patients with and without appendicitis, subdivided 
into patient categories of  duration of  symptoms, are shown in Table 4. In all categories based 
on duration of  symptoms, patients with a final diagnosis of  appendicitis had significantly higher 
WBC counts than those with no appendicitis. CRP levels differed significantly in the subgroups 
with symptoms less than 24 hours or more than 48 hours; patients with appendicitis had 
significantly higher CRP levels than those with alternate diagnoses. The overall discriminative 
capacity, expressed as an AUC, was 0.673 (95 per cent CI 0.640 to 0.706) for WBC count and 
AUC of  0.568 (95 per cent CI 0.532 to 6.04) for CRP.

The accuracies of  several clinically applicable cut-off values of  WBC count, CRP level 
and their combinations in excluding or confirming the diagnosis of  acute appendicitis is 
depicted in Table 5. Regarding all included patients, 738 (72.1 per cent) presented with a 
WBC count of  >10 x 109/L. The remaining 286 patients had a WBC count of  10 x 109/L 

Table 4 Values of CRP and WBC compared between patients with and without a final diagnosis of 
acute appendicitis, subdivided for categories based on the duration of symptoms. 

Patients with acute 

appendicitis 

Patients with 

alternate diagnoses p value†

Duration symptoms < 24 h (n=285) n=150 n=135

WBC (x 109/L) – Median (IQR) 14.2 (11.2-17.4) 12.1 (10.0-14.9) <0.01

CRP (in mg/L) – Median (IQR) 14.0 (6.0-35.0) 9.3 (2.0-23.0) 0.02

Duration symptoms 24 h - 48 h (n=501) n=318 n=183

WBC (x 109/L) – Median (IQR) 13.7 (11.1-16.7) 10.6 (8.2-13.6) <0.01

CRP (in mg/L) – Median (IQR) 39.0 (15.0-82.5) 38.0 (8.0-88.9) 0.21

Duration symptoms > 48 h (n=238) n=112 n=126

WBC (x 109/L) – Median (IQR) 12.7 (10.1-15.4) 9.9 (7.6-12.5) <0.01

CRP (in mg/L) – Median (IQR) 97.0 (39.3-189.0) 50.5 (16.8-106.3) <0.01

WBC = white blood cell, CRP = c-reactive protein, h = hours, L=liter, mg=milligram 

†Adjusted for multiple comparisons using the Holm–Bonferroni method



76

Chapter 3

or less, of  whom 103 had appendicitis (NPV of  64.0 per cent, 95 per cent CI 58.4 to 69.5); 
i.e. 17.8 per cent cases of  appendicitis (103 of  580) would have been missed based on a 
normal WBC count. Furthermore, 22.9 per cent of  patients with appendicitis (133 of  580) 
had a CRP level of  10 mg/L or less, resulting in a NPV of  55.5 per cent (95 per cent CI 
49.9 to 61.2). When cut-off values of  WBC count and CRP level were combined, the ability 
to exclude appendicitis increased. The NPV increased to 88.1 per cent (95 per cent CI 81.8 
to 94.4) when both inflammatory markers were within normal range (neither WBC count 
>10 x 109/L, nor a CRP level > 10 mg/L). Of  all patients suspected of  acute appendicitis, 
101 (10 per cent) presented with inflammatory marker levels within the normal range, of  
whom 12 had confirmed appendicitis based on the reference standard. Duration of  symptoms 
only marginally affected the ability of  the inflammatory markers to exclude the diagnosis of  
appendicitis. The probability that a patient did not have acute appendicitis (i.e. NPV) when 
presenting with inflammatory marker levels within normal range (neither WBC count >10 
x 109/L, nor a CRP level > 10 mg/L) ranged from 86.5 to 89.5 per cent for the separate 
categories based on duration of  symptoms.

The highest PPV for all included patients was found for a WBC count of  more than 20 
x 109/L. Sixty-two patients (6.1 per cent of  all patients) presented with a WBC count >20 x 
109/L of  whom 46 had appendicitis, resulting in a PPV of  74.2 per cent (95 per cent CI 63.3 
to 85.1). In patients with symptoms for more than 48 hours, a WBC count of  more than 20 
x 109/L confirmed the presence of  acute appendicitis with a PPV of  100 per cent. However, 
of  the 238 patients presenting with symptoms for more than 48 hours, only 8 (3.4 per cent) 
patients had a WBC of  20 x 109/L or higher. 

When the data were analysed categorized by gender, the ability of  inflammatory markers 
to exclude the diagnosis of  acute appendicitis was somewhat better in women than in men. In 
all 563 female patients, inflammatory marker levels within the normal range (neither a WBC 
count >10 x 109/L, nor a CRP level > 10 mg/L) resulted in a NPV of  93.8 per cent (95 per 
cent CI 87.8 to 99.7; 4 of  64 patients had appendicitis). In contrast, in male patients none of  
the studied cut-off values resulted in a NPV of  more than 80 per cent, regardless the duration 
of  symptoms. For the confirmation of  appendicitis, comparable results were found for both 
men and women; a WBC count of  more than 20 x 109/L in combination with symptoms 
for more than 48 hours seemed to confirm appendicitis with a 100 per cent PPV. Again, as 
demonstrated for the overall analysis, only few patients presented with this specific profile (4 of  
461 male patients and 4 of  563 female patients).

When the included patients were divided into two groups based on age (<40 years of  
age or ≥40 years of  age), normal inflammatory marker levels (neither a WBC count >10 x 
109/L, nor a CRP level > 10 mg/L) resulted in a NPV of  approximately 85 per cent in both 
age groups, regardless of  the duration of  symptoms, comparable to the overall analysis. For 
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the confirmation of  appendicitis, the results for both age groups were also comparable to the 
overall results; no level of  inflammatory markers could sufficiently confirm the diagnosis of  
appendicitis in a substantial group of  patients, regardless of  the duration of  symptoms.

DISCUSSION

White blood cell count and CRP level are routinely obtained in the diagnostic work-up of  
patients with suspected appendicitis.25 Both inflammatory markers are of  limited diagnostic 
value when used individually, but the combination is suggested to achieve a high discriminatory 
power, especially when combined with specific clinical findings.8 Several studies have suggested 
that acute appendicitis can be excluded when patients have normal values of  WBC count 
and CRP level.9,11,26–29 In women of  reproductive age, in whom the diagnostic accuracy of  
appendicitis is traditionally low, normal WBC counts and CRP values have been reported to 
exclude appendicitis with a predictive value of  100 per cent.30

NPV of  inflammatory marker levels within the normal range was 90 per cent at 
most. Although this NPV was associated with a reduction in the incidence of  appendicitis 
in our patients from 58 per cent to approximately 10 per cent, it is questionable whether 
this is sufficient to omit imaging. Even in male patients or younger patients, in whom the 
diagnosis of  appendicitis is suggested to be more straightforward, no level of  inflammatory 
markers could sufficiently exclude the presence of  appendicitis. A possible explanation for 
this discrepancy in reported diagnostic value is the difference in pretest probability (i.e., the 
prevalence of  appendicitis) within studies.31 For example, in patient populations with a higher 
pretest probability of  acute appendicitis, such as young male adults, the posttest probability 
associated with elevated inflammatory markers will also be high, increasing the PPV. The 
prevalence of  appendicitis in our study was 57 per cent, which is at the high end of  the range 
of  26.7 to 60.6 per cent reported in previous studies.8 Any variation in diagnostic accuracy of  
the inflammatory markers between specific subgroups is more likely based on differences in 
pretest probabilities than on true differences in diagnostic test  characteristics.

Our results show that the PPV of  the combined inflammatory markers of  WBC and CRP 
even at very high cut-off values is not high enough to be useful as a “rule-in” diagnostic test. 
Even a WBC count of  >20 x 109/L and a CRP level of  >100 mg/L resulted in a PPV of  only 
71.4 per cent, as 14 of  1024 patients presented with such high inflammatory marker levels, and 
four of  these 14 subjects did not have acute appendicitis. When the specific subgroups based 
on the duration of  symptoms were analyzed, a WBC count of  >20 x 109/L in combination 
with symptoms for more than 48 hours was shown to “confirm” appendicitis, with a PPV of  
100 per cent. However, only a few patients presented with symptoms for more than 48 hours 
and a WBC count of  more than 20 x 109/L. In clinical practice, this cut-off value would 
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Table 5 Accuracy of various cut-off values of WBC count, CRP level and their combinations in 
excluding or confirming the diagnosis of acute appendicitis; overall and subdivided into categories 
based on duration of symptoms

No. of patients

(% of all patients†)

No. of patients

with AA

(% of all AA†)

False negative cases – 

theoretically missed ca-

ses of AA (% of all AA†)

False positive cases

(% of all positives)

PPV

(95% CI)

NPV

(95% CI)

All included patients (n=1024; AA=580)

   WBC > 10 x 109/L 738 (72.1) 477 (82.2) 103 (17.8) 261 (35.4) 64.6 (61.2-68.1) 64.0 (58.4-69.5)

   WBC > 15 x 109/L 287 (28.0) 208 (35.9) 372 (64.1) 79 (27.5) 72.5 (67.3-77.6) 49.5 (45.9-53.1)

   WBC > 20 x 109/L 62 (6.1) 46 (7.9) 534 (92.1) 16 (25.8) 74.2 (63.3-85.1) 44.5 (41.4-47.6)

   CRP > 10 mg/L 725 (70.8) 447 (77.1) 133 (22.9) 278 (38.3) 61.7 (58.1-65.2) 55.5 (49.9-61.2)

   CRP > 50 mg/L 386 (37.7) 232 (40.0) 348 (60.0) 154 (39.9) 60.1 (55.2-65.0) 45.5 (41.6-49.3)

   CRP > 100 mg/L 190 (18.6) 115 (19.8) 465 (80.2) 75 (39.5) 60.5 (53.6-67.5) 44.2 (40.9-47.6)

   WBC > 10 x 109/L or CRP >10 mg/L 923 (90.1) 568 (97.9) 12 (2.1) 355 (38.5) 61.5 (58.4-64.7) 88.1 (81.8-94.4)

   WBC > 10 x 109/L or CRP > 50 mg/L 832 (81.3) 524 (90.3) 56 (9.7) 308 (37.0) 63.0 (59.7-66.3) 70.8 (64.4-77.3)

   WBC > 15 x 109/L or CRP > 10 mg/L 801 (78.2) 501 (86.4) 79 (13.6) 300 (37.5) 62.5 (59.2-65.9) 64.6 (58.3-70.9)

   WBC > 15 x 109/L or CRP > 50 mg/L 558 (54.5) 360 (62.1) 220 (37.9) 198 (35.5) 64.5 (60.5-68.5) 52.8 (48.3-57.3)

   WBC > 15 x 109/L and CRP > 50 mg/L 115 (11.2) 80 (13.8) 500 (86.2) 35 (30.4) 69.6 (61.2-78.0) 45.0 (41.8-48.2)

   WBC > 15 x 109/L and CRP > 100 mg/L 68 (6.6) 44 (7.6) 536 (92.4) 24 (35.3) 64.7 (53.3-76.1) 43.9 (40.8-47.1)

   WBC > 20 x 109/L and CRP > 50 mg/L 24 (2.3) 16 (2.8) 564 (97.2) 8 (33.3) 66.7 (47.8-85.5) 43.6 (40.5-46.7)

   WBC > 20 x 109/L and CRP > 100 mg/L 14 (1.4) 10 (1.7) 570 (98.3) 4 (28.6) 71.4 (47.8-95.1) 43.6 (40.5-46.6)

Duration symptoms < 24 h (n=285; AA=150)

   WBC > 10 x 109/L 230 (80.7) 131 (87.3) 19 (12.7) 99 (43.0) 57.0 (50.6-63.4) 65.5 (52.9-78.0)

   WBC > 15 x 109/L 90 (31.6) 61 (40.7) 89 (59.3) 29 (32.2) 67.8 (58.1-77.4) 54.4 (47.4-61.4)

   WBC > 20 x 109/L 21 (7.4) 13 (8.7) 137 (91.3) 8 (38.1) 61.9 (41.1-82.7) 48.1 (42.1-54.1)

   CRP > 10 mg/L 135 (47.4) 81 (54.0) 69 (46.0) 54 (40.0) 60.0 (51.7-68.3) 54.0 (46.0-62.0)

   CRP > 50 mg/L 32 (11.2) 18 (12.0) 132 (88.0) 14 (43.8) 56.3 (39.1-73.4) 47.8 (41.7-54.0)

   CRP > 100 mg/L 15 (5.3) 9 (6.0) 141 (94.0) 6 (40.0) 60.0 (35.2-84.8) 47.8 (41.8-53.7)

   WBC > 10 x 109/L or CRP >10 mg/L 248 (87.0) 145 (96.7) 5 (3.3) 103 (41.5) 58.5 (52.3-64.6) 86.5 (75.5-97.5)

   WBC > 10 x 109/L or CRP > 50 mg/L 236 (82.8) 137 (91.3) 13 (8.7) 99 (41.9) 58.1 (51.8-64.3) 73.5 (61.1-85.8)

   WBC > 15 x 109/L or CRP > 10 mg/L 176 (61.8) 109 (72.7) 41 (27.3) 67 (38.1) 61.9 (54.8-69.1) 62.4 (53.3-71.5)

   WBC > 15 x 109/L or CRP > 50 mg/L 109 (38.2) 71 (47.3) 79 (52.7) 38 (34.9) 65.1 (56.2-74.1) 55.1 (47.8-62.5)

   WBC > 15 x 109/L and CRP > 50 mg/L 13 (4.6) 8 (5.3) 142 (94.7) 5 (38.5) 61.5 (35.1-88.0) 47.8 (41.9-53.7)

   WBC > 15 x 109/L and CRP > 100 mg/L 7 (2.5) 3 (2.0) 147 (98.0) 4 (57.1) 42.9 (6.2-79.5) 47.1 (41.3-53.0)

   WBC > 20 x 109/L and CRP > 50 mg/L 1 (0.4) 0 (0.0) 150 (100.0) 1 (100.0) 0.0 (0.0-0.0) 47.2 (41.4-53.0)

   WBC > 20 x 109/L and CRP > 100 mg/L 1 (0.4) 0 (0.0) 150 (100.0) 1 (100.0) 0.0 (0.0-0.0) 47.2 (41.4-53.0)

Duration symptoms 24 h - 48 h (n=501; AA=318)

   WBC > 10 x 109/L 363 (72.5) 261 (82.1) 57 (17.9) 102 (28.1) 71.9 (67.3-76.5) 58.7 (50.5-66.9)

   WBC > 15 x 109/L 154 (30.7) 118 (37.1) 200 (62.9) 36 (23.4) 76.6 (69.9-83.3) 42.4 (37.2-47.6)

   WBC > 20 x 109/L 33 (6.6) 25 (7.9) 293 (92.1) 8 (24.2) 75.8 (61.1-90.4) 37.4 (33.0-41.8)

   CRP > 10 mg/L 384 (76.6) 260 (81.8) 58 (18.2) 124 (32.3) 67.7 (63.0-72.4) 50.4 (41.4-59.5)

   CRP > 50 mg/L 212 (42.3) 135 (42.5) 183 (57.5) 77 (36.3) 63.7 (57.2-70.2) 36.7 (31.1-42.2)
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Table 5 Accuracy of various cut-off values of WBC count, CRP level and their combinations in 
excluding or confirming the diagnosis of acute appendicitis; overall and subdivided into categories 
based on duration of symptoms

No. of patients

(% of all patients†)

No. of patients

with AA

(% of all AA†)

False negative cases – 

theoretically missed ca-

ses of AA (% of all AA†)

False positive cases

(% of all positives)

PPV

(95% CI)

NPV

(95% CI)

All included patients (n=1024; AA=580)

   WBC > 10 x 109/L 738 (72.1) 477 (82.2) 103 (17.8) 261 (35.4) 64.6 (61.2-68.1) 64.0 (58.4-69.5)

   WBC > 15 x 109/L 287 (28.0) 208 (35.9) 372 (64.1) 79 (27.5) 72.5 (67.3-77.6) 49.5 (45.9-53.1)

   WBC > 20 x 109/L 62 (6.1) 46 (7.9) 534 (92.1) 16 (25.8) 74.2 (63.3-85.1) 44.5 (41.4-47.6)

   CRP > 10 mg/L 725 (70.8) 447 (77.1) 133 (22.9) 278 (38.3) 61.7 (58.1-65.2) 55.5 (49.9-61.2)

   CRP > 50 mg/L 386 (37.7) 232 (40.0) 348 (60.0) 154 (39.9) 60.1 (55.2-65.0) 45.5 (41.6-49.3)

   CRP > 100 mg/L 190 (18.6) 115 (19.8) 465 (80.2) 75 (39.5) 60.5 (53.6-67.5) 44.2 (40.9-47.6)

   WBC > 10 x 109/L or CRP >10 mg/L 923 (90.1) 568 (97.9) 12 (2.1) 355 (38.5) 61.5 (58.4-64.7) 88.1 (81.8-94.4)

   WBC > 10 x 109/L or CRP > 50 mg/L 832 (81.3) 524 (90.3) 56 (9.7) 308 (37.0) 63.0 (59.7-66.3) 70.8 (64.4-77.3)

   WBC > 15 x 109/L or CRP > 10 mg/L 801 (78.2) 501 (86.4) 79 (13.6) 300 (37.5) 62.5 (59.2-65.9) 64.6 (58.3-70.9)

   WBC > 15 x 109/L or CRP > 50 mg/L 558 (54.5) 360 (62.1) 220 (37.9) 198 (35.5) 64.5 (60.5-68.5) 52.8 (48.3-57.3)

   WBC > 15 x 109/L and CRP > 50 mg/L 115 (11.2) 80 (13.8) 500 (86.2) 35 (30.4) 69.6 (61.2-78.0) 45.0 (41.8-48.2)

   WBC > 15 x 109/L and CRP > 100 mg/L 68 (6.6) 44 (7.6) 536 (92.4) 24 (35.3) 64.7 (53.3-76.1) 43.9 (40.8-47.1)

   WBC > 20 x 109/L and CRP > 50 mg/L 24 (2.3) 16 (2.8) 564 (97.2) 8 (33.3) 66.7 (47.8-85.5) 43.6 (40.5-46.7)

   WBC > 20 x 109/L and CRP > 100 mg/L 14 (1.4) 10 (1.7) 570 (98.3) 4 (28.6) 71.4 (47.8-95.1) 43.6 (40.5-46.6)

Duration symptoms < 24 h (n=285; AA=150)

   WBC > 10 x 109/L 230 (80.7) 131 (87.3) 19 (12.7) 99 (43.0) 57.0 (50.6-63.4) 65.5 (52.9-78.0)

   WBC > 15 x 109/L 90 (31.6) 61 (40.7) 89 (59.3) 29 (32.2) 67.8 (58.1-77.4) 54.4 (47.4-61.4)

   WBC > 20 x 109/L 21 (7.4) 13 (8.7) 137 (91.3) 8 (38.1) 61.9 (41.1-82.7) 48.1 (42.1-54.1)

   CRP > 10 mg/L 135 (47.4) 81 (54.0) 69 (46.0) 54 (40.0) 60.0 (51.7-68.3) 54.0 (46.0-62.0)

   CRP > 50 mg/L 32 (11.2) 18 (12.0) 132 (88.0) 14 (43.8) 56.3 (39.1-73.4) 47.8 (41.7-54.0)

   CRP > 100 mg/L 15 (5.3) 9 (6.0) 141 (94.0) 6 (40.0) 60.0 (35.2-84.8) 47.8 (41.8-53.7)

   WBC > 10 x 109/L or CRP >10 mg/L 248 (87.0) 145 (96.7) 5 (3.3) 103 (41.5) 58.5 (52.3-64.6) 86.5 (75.5-97.5)

   WBC > 10 x 109/L or CRP > 50 mg/L 236 (82.8) 137 (91.3) 13 (8.7) 99 (41.9) 58.1 (51.8-64.3) 73.5 (61.1-85.8)

   WBC > 15 x 109/L or CRP > 10 mg/L 176 (61.8) 109 (72.7) 41 (27.3) 67 (38.1) 61.9 (54.8-69.1) 62.4 (53.3-71.5)

   WBC > 15 x 109/L or CRP > 50 mg/L 109 (38.2) 71 (47.3) 79 (52.7) 38 (34.9) 65.1 (56.2-74.1) 55.1 (47.8-62.5)

   WBC > 15 x 109/L and CRP > 50 mg/L 13 (4.6) 8 (5.3) 142 (94.7) 5 (38.5) 61.5 (35.1-88.0) 47.8 (41.9-53.7)

   WBC > 15 x 109/L and CRP > 100 mg/L 7 (2.5) 3 (2.0) 147 (98.0) 4 (57.1) 42.9 (6.2-79.5) 47.1 (41.3-53.0)

   WBC > 20 x 109/L and CRP > 50 mg/L 1 (0.4) 0 (0.0) 150 (100.0) 1 (100.0) 0.0 (0.0-0.0) 47.2 (41.4-53.0)

   WBC > 20 x 109/L and CRP > 100 mg/L 1 (0.4) 0 (0.0) 150 (100.0) 1 (100.0) 0.0 (0.0-0.0) 47.2 (41.4-53.0)

Duration symptoms 24 h - 48 h (n=501; AA=318)

   WBC > 10 x 109/L 363 (72.5) 261 (82.1) 57 (17.9) 102 (28.1) 71.9 (67.3-76.5) 58.7 (50.5-66.9)

   WBC > 15 x 109/L 154 (30.7) 118 (37.1) 200 (62.9) 36 (23.4) 76.6 (69.9-83.3) 42.4 (37.2-47.6)

   WBC > 20 x 109/L 33 (6.6) 25 (7.9) 293 (92.1) 8 (24.2) 75.8 (61.1-90.4) 37.4 (33.0-41.8)

   CRP > 10 mg/L 384 (76.6) 260 (81.8) 58 (18.2) 124 (32.3) 67.7 (63.0-72.4) 50.4 (41.4-59.5)

   CRP > 50 mg/L 212 (42.3) 135 (42.5) 183 (57.5) 77 (36.3) 63.7 (57.2-70.2) 36.7 (31.1-42.2)
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identify only a small number of  patients in whom imaging studies could be omitted, and the 
implications of  this finding are therefore limited.

The duration of  symptoms is known to correlate with the diagnostic accuracy of  several 
diagnostic markers in acute appendicitis. Kharbanda et al.14 showed that WBC count was a 
more useful marker to predict appendicitis in children with pain for less than 24 hours, while 
CRP was the more useful test in those with pain for 24 to 48 hours. Wu et al.15 determined 
different cut-off valuesof  CRP, with corresponding sensitivity and specificity, based on how 
long the patient’s symptoms were present. They showed an increase in diagnostic accuracy 
with symptoms existing for a longer duration; the AUC of  CRP increased from 0.60 (95 per 

No. of patients

(% of all patients†)

No. of patients

with AA

(% of all AA†)

False negative cases – 

theoretically missed ca- 

ses of AA (% of all AA†)

False positive cases

(% of all positives)

PPV

(95% CI)

NPV

(95% CI)

   CRP > 100 mg/L 90 (18.0) 54 (17.0) 264 (83.0) 36 (40.0) 60.0 (49.9-70.1) 35.8 (31.1-40.4)

   WBC > 10 x 109/L or CRP >10 mg/L 463 (92.4) 314 (98.7) 4 (1.3) 149 (32.2) 67.8 (63.6-72.1) 89.5 (79.7-99.2)

   WBC > 10 x 109/L or CRP > 50 mg/L 411 (82.0) 287 (90.3) 31 (9.7) 124 (30.2) 69.8 (65.4-74.3) 65.6 (55.7-75.4)

   WBC > 15 x 109/L or CRP > 10 mg/L 416 (83.0) 285 (89.6) 33 (10.4) 131 (31.5) 68.5 (64.0-73.0) 61.2 (50.8-71.5)

   WBC > 15 x 109/L or CRP > 50 mg/L 298 (59.5) 206 (64.8) 112 (35.2) 92 (30.9) 69.1 (63.9-74.4) 44.8 (38.0-51.7)

   WBC > 15 x 109/L and CRP > 50 mg/L 68 (13.6) 47 (14.8) 271 (85.2) 21 (30.9) 69.1 (58.1-80.1) 37.4 (32.9-42.0)

   WBC > 15 x 109/L and CRP > 100 mg/L 36 (7.2) 23 (7.2) 295 (92.8) 13 (36.1) 63.9 (48.2-79.6) 36.6 (32.2-40.9)

   WBC > 20 x 109/L and CRP > 50 mg/L 16 (3.2) 9 (2.8) 309 (97.2) 7 (43.8) 56.3 (31.9-80.6) 36.3 (32.0-40.6)

   WBC > 20 x 109/L and CRP > 100 mg/L 7 (1.4) 4 (1.3) 314 (98.7) 3 (42.9) 57.1 (20.5-93.8) 36.4 (32.2-40.7)

Duration symptoms > 48 h (n=238; AA=112)

   WBC > 10 x 109/L 145 (60.9) 85 (75.9) 27 (24.1) 60 (41.4) 58.6 (50.6-66.6) 71.0 (61.7-80.2)

   WBC > 15 x 109/L 43 (18.1) 29 (25.9) 83 (74.1) 14 (32.6) 67.4 (53.4-81.4) 57.4 (50.5-64.4)

   WBC > 20 x 109/L 8 (3.4) 8 (7.1) 104 (92.9) 0 (0.0) 100.0 (100.0-100.0) 54.8 (48.4-61.2)

   CRP > 10 mg/L 206 (86.6) 106 (94.6) 6 (5.4) 100 (48.5) 51.5 (44.6-58.3) 81.3 (67.7-94.8)

   CRP > 50 mg/L 142 (59.7) 79 (70.5) 33 (29.5) 63 (44.4) 55.6 (47.5-63.8) 65.6 (56.1-75.1)

   CRP > 100 mg/L 85 (35.7) 52 46.4) 60 (53.6) 33 (38.8) 61.2 (50.8-71.5) 60.8 (53.0-68.5)

   WBC > 10 x 109/L or CRP >10 mg/L 212 (89.1) 109 (97.3) 3 (2.7) 103 (48.6) 51.4 (44.7-58.1) 88.5 (76.2-100.0)

   WBC > 10 x 109/L or CRP > 50 mg/L 185 (77.7) 100 (89.3) 12 (10.7) 85 (45.9) 54.1 (46.9-61.2) 77.4 (66.1-88.6)

   WBC > 15 x 109/L or CRP > 10 mg/L 209 (87.8) 107 (95.5) 5 (4.5) 102 (48.8) 51.2 (44.4-58.0) 82.8 (69.0-96.5)

   WBC > 15 x 109/L or CRP > 50 mg/L 151 (63.4) 83 (74.1) 29 (25.9) 68 (45.0) 55.0 (47.0-62.9) 66.7 (56.8-76.6)

   WBC > 15 x 109/L and CRP > 50 mg/L 34 (14.3) 25 (22.3) 87 (77.7) 9 (26.5) 73.5 (58.7-88.4) 57.4 (50.6-64.1)

   WBC > 15 x 109/L and CRP > 100 mg/L 25 (10.5) 18 (16.1) 94 (83.9) 7 (28.0) 72.0 (54.4-89.6) 55.9 (49.2-62.5)

   WBC > 20 x 109/L and CRP > 50 mg/L 7 (2.9) 7 (6.3) 105 (93.8) 0 (0.0) 100.0 (100.0-100.0) 54.5 (48.1-61.0)

   WBC > 20 x 109/L and CRP > 100 mg/L 6 (2.5) 6 (5.4) 106 94.6 0 0.0 100.0 (100.0-100.0) 54.3 (47.9-60.7)

WBC = white blood cell, CRP = c-reactive protein, AA = acute appendicitis, PPV = positive predictive value, NPV = 

negative predictive value, CI = confidence interval, L=liter, mg=milligram,  h = hours 

† Within the subgroup based on duration of symptoms

Table 5 continued
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No. of patients

(% of all patients†)

No. of patients

with AA

(% of all AA†)

False negative cases – 

theoretically missed ca- 

ses of AA (% of all AA†)

False positive cases

(% of all positives)

PPV

(95% CI)

NPV

(95% CI)

   CRP > 100 mg/L 90 (18.0) 54 (17.0) 264 (83.0) 36 (40.0) 60.0 (49.9-70.1) 35.8 (31.1-40.4)

   WBC > 10 x 109/L or CRP >10 mg/L 463 (92.4) 314 (98.7) 4 (1.3) 149 (32.2) 67.8 (63.6-72.1) 89.5 (79.7-99.2)

   WBC > 10 x 109/L or CRP > 50 mg/L 411 (82.0) 287 (90.3) 31 (9.7) 124 (30.2) 69.8 (65.4-74.3) 65.6 (55.7-75.4)

   WBC > 15 x 109/L or CRP > 10 mg/L 416 (83.0) 285 (89.6) 33 (10.4) 131 (31.5) 68.5 (64.0-73.0) 61.2 (50.8-71.5)

   WBC > 15 x 109/L or CRP > 50 mg/L 298 (59.5) 206 (64.8) 112 (35.2) 92 (30.9) 69.1 (63.9-74.4) 44.8 (38.0-51.7)

   WBC > 15 x 109/L and CRP > 50 mg/L 68 (13.6) 47 (14.8) 271 (85.2) 21 (30.9) 69.1 (58.1-80.1) 37.4 (32.9-42.0)

   WBC > 15 x 109/L and CRP > 100 mg/L 36 (7.2) 23 (7.2) 295 (92.8) 13 (36.1) 63.9 (48.2-79.6) 36.6 (32.2-40.9)

   WBC > 20 x 109/L and CRP > 50 mg/L 16 (3.2) 9 (2.8) 309 (97.2) 7 (43.8) 56.3 (31.9-80.6) 36.3 (32.0-40.6)

   WBC > 20 x 109/L and CRP > 100 mg/L 7 (1.4) 4 (1.3) 314 (98.7) 3 (42.9) 57.1 (20.5-93.8) 36.4 (32.2-40.7)

Duration symptoms > 48 h (n=238; AA=112)

   WBC > 10 x 109/L 145 (60.9) 85 (75.9) 27 (24.1) 60 (41.4) 58.6 (50.6-66.6) 71.0 (61.7-80.2)

   WBC > 15 x 109/L 43 (18.1) 29 (25.9) 83 (74.1) 14 (32.6) 67.4 (53.4-81.4) 57.4 (50.5-64.4)

   WBC > 20 x 109/L 8 (3.4) 8 (7.1) 104 (92.9) 0 (0.0) 100.0 (100.0-100.0) 54.8 (48.4-61.2)

   CRP > 10 mg/L 206 (86.6) 106 (94.6) 6 (5.4) 100 (48.5) 51.5 (44.6-58.3) 81.3 (67.7-94.8)

   CRP > 50 mg/L 142 (59.7) 79 (70.5) 33 (29.5) 63 (44.4) 55.6 (47.5-63.8) 65.6 (56.1-75.1)

   CRP > 100 mg/L 85 (35.7) 52 46.4) 60 (53.6) 33 (38.8) 61.2 (50.8-71.5) 60.8 (53.0-68.5)

   WBC > 10 x 109/L or CRP >10 mg/L 212 (89.1) 109 (97.3) 3 (2.7) 103 (48.6) 51.4 (44.7-58.1) 88.5 (76.2-100.0)

   WBC > 10 x 109/L or CRP > 50 mg/L 185 (77.7) 100 (89.3) 12 (10.7) 85 (45.9) 54.1 (46.9-61.2) 77.4 (66.1-88.6)

   WBC > 15 x 109/L or CRP > 10 mg/L 209 (87.8) 107 (95.5) 5 (4.5) 102 (48.8) 51.2 (44.4-58.0) 82.8 (69.0-96.5)

   WBC > 15 x 109/L or CRP > 50 mg/L 151 (63.4) 83 (74.1) 29 (25.9) 68 (45.0) 55.0 (47.0-62.9) 66.7 (56.8-76.6)

   WBC > 15 x 109/L and CRP > 50 mg/L 34 (14.3) 25 (22.3) 87 (77.7) 9 (26.5) 73.5 (58.7-88.4) 57.4 (50.6-64.1)

   WBC > 15 x 109/L and CRP > 100 mg/L 25 (10.5) 18 (16.1) 94 (83.9) 7 (28.0) 72.0 (54.4-89.6) 55.9 (49.2-62.5)

   WBC > 20 x 109/L and CRP > 50 mg/L 7 (2.9) 7 (6.3) 105 (93.8) 0 (0.0) 100.0 (100.0-100.0) 54.5 (48.1-61.0)

   WBC > 20 x 109/L and CRP > 100 mg/L 6 (2.5) 6 (5.4) 106 94.6 0 0.0 100.0 (100.0-100.0) 54.3 (47.9-60.7)

WBC = white blood cell, CRP = c-reactive protein, AA = acute appendicitis, PPV = positive predictive value, NPV = 

negative predictive value, CI = confidence interval, L=liter, mg=milligram,  h = hours 

† Within the subgroup based on duration of symptoms

cent CI 0.50 to 0.70) on Day 1 to 0.88 (95 per cent CI 0.80 to 0.95) on Day 3. The influence 
of  the duration of  a pediatric patient’s complaints on the diagnostic value of  clinical scoring 
systems has also been described.16 Furthermore, a longer duration of  abdominal pain was 
shown to improve sensitivity of  ultrasound for suspected appendicitis in children and to reduce 
the number of  equivocal CT results.13 An increase of  diagnostic accuracy for WBC count or 
CRP level was not demonstrated in this study. Even for patients presenting with inflammatory 
marker levels within the normal range and symptoms for more than 48 hours, the NPV was 
88.5 per cent, comparable to the NPV of  86.5 per cent in patients with symptoms for less than 
24 hours.
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Limitations

Several limitations of  this study need to be addressed. First, the reference standard used in the 
study  cohorts (final diagnosis as assigned by expert panel) included the results from laboratory 
examination, thereby introducing the risk of  incorporation bias. Although the expert panel 
based its diagnoses primarily on preoperative imaging, surgical findings, histopathologic 
examination, and follow-up, the reference standard would ideally be entirely independent from 
the diagnostic test. The included study cohorts were also at risk of  verification bias because 
surgical findings and histopathological examination were not available for some patients (i.e., 
nonsurgical patients).

Another potential limitation is the fact that the clinical suspicion of  acute appendicitis 
was (partly) based on laboratory examination findings, including WBC count and CRP level. 
Normal values for the inflammatory markers may have decreased the physician’s suspicion 
of  appendicitis, thus excluding these patients from the study population. The diagnostic 
performance of  the inflammatory markers could be different if  those patients had been 
included. However, the evaluation of  the diagnostic performance of  a test is best done in the 
population in which it is intended to be used.8 Omitting imaging studies based on inflammatory 
marker levels is only relevant for patients who otherwise would undergo imaging, patients 
clinically suspected of  having acute appendicitis.

Another potential limitation is the fact that our study population was retrospectively 
selected from five separate cohorts, although baseline characteristics of  these cohorts, 
including the rates of  appendicitis, did not differ significantly. Furthermore, the relatively 
high prevalence of  appendicitis in our study might limit the external validity of  our results. 
Although the prevalence falls within the range of  previously reported prevalences, several 
studies found considerably lower rates of  appendicitis. The diagnostic value of  the studied 
inflammatory markers in populations with a lower prevalence of  appendicitis, for instance, 
undifferentiated patients with acute abdominal pain, is likely to differ, and the NPV might be 
expected to improve.

A final limitation is the fact that we only evaluated WBC count and CRP level. Several 
other new markers such as procalcitonin have been suggested to be of  diagnostic value in 
acute appendicitis, although the superiority of  these new markers over WBC count and CRP 
is questionable.32,33

Despite these limitations, this study describes a large cohort of  more than 1000 patients 
who were clinically suspected of  having acute appendicitis. All data were gathered prospectively, 
and the reference standard was the final diagnosis as assigned by an expert panel, based on 
available clinical and pathologic data and follow-up. Our results add to the debate on the 
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most appropriate diagnostic strategy in patients with suspected appendicitis and may be 
useful to further improve clinical decision models such as the Appendicitis Inflammatory Res- 
ponse Score.34

Conclusions

In patients suspected of  acute appendicitis, normal inflammatory marker levels could not 
“rule out” acute appendicitis, regardless of  the duration of  symptoms, although subjects with 
normal values had a rate of  acute appendicitis of  only 10 per cent compared to a baseline rate 
of  58 per cent across the study population. We also found no value of  white blood cell count or 
C-reactive protein concentration that could reliably confirm the suspected diagnosis of  acute 
appendicitis in a relevant number of  patients. Based on these findings, we cannot support 
the use of  these biomarkers, either in isolation or in combination, to confirm or exclude a 
diagnosis of  acute appendicitis.
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Appendix 1 Quality assessment of the included cohorts by QUADAS-II criteria

First author Risk of Bias Applicability Concerns

Patient 

selection Index Test

Reference 

Standard

Flow and 

Timing

Patient 

Selection Index Test

Reference 

Standard

Laurell L L H† H‡ L L L

Lameris L L H† H‡ L L L

Toorenvliet L L H† H‡ L L L

Leeuwen-

burgh

L L H† H‡ L L L

Gans L L H† H‡ L L L

H indicates high; U, unclear; and L, low

† All studies were scored as high risk of incorporation bias as the reference standard was the final diagnosis 

as assigned by an expert panel, who were aware of the results of the index tests (white blood cell count and 

C-reactive protein level)

‡ All studies were scored as high risk of verification bias since the reference standard did not include surgical 

reports and histopathology for all patients
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ABSTRACT

Background

Non-operative management may be an alternative for uncomplicated appendicitis, but 
preoperative distinction between uncomplicated and complicated disease is challenging. This 
study aimed to develop a scoring system based on clinical and imaging features to distinguish 
uncomplicated from complicated appendicitis .

Methods

Patients with suspected acute appendicitis based on clinical evaluation and imaging were 
selected from two prospective multicentre diagnostic accuracy studies (OPTIMA and 
OPTIMAP). Features associated with complicated appendicitis were included in multivariable 
logistic regression analyses. Separate models were developed for CT and ultrasound imaging, 
internally validated and transformed into scoring systems. 

Results

A total of  395 patients with suspected acute appendicitis based on clinical evaluation and 
imaging were identified, of  whom 110 (27.8 per cent) had complicated appendicitis, 239 (60.5 
per cent) had uncomplicated appendicitis and 46 (11.6 per cent) had an alternative disease. 
CT was positive for appendicitis in 284 patients, and ultrasound imaging in 312. Based on 
clinical and CT features, a model was created including age, body temperature, duration 
of  symptoms, white blood cell count, C-reactive protein level, and presence of  extraluminal 
free air, periappendiceal fluid and appendicolith. A scoring system was constructed, with a 
maximum possible score of  22 points. Of  the 284 patients, 150 had a score of  6 points or less, 
of  whom eight (5.3 per cent) had complicated appendicitis, giving a negative predictive value 
(NPV) of  94.7 per cent. The model based on ultrasound imaging included the same predictors 
except for extraluminal free air. The ultrasound score (maximum 19 points) was calculated 
for 312 patients; 105 had a score of  5 or less, of  whom three (2.9 per cent) had complicated 
appendicitis, giving a NPV of  97.1 per cent. 

Conclusion

With use of  novel scoring systems combining clinical and imaging features, 95 per cent of  the 
patients deemed to have uncomplicated appendicitis were correctly identified as such. The 
score can aid in selection for non-operative management in clinical trials.
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INTRODUCTION

Appendiceal perforation has long been considered an advanced state of  acute appendicitis. 
However, the relation between time and progression of  disease (from simple uncomplicated 
to gangrenous or perforated appendicitis) is being questioned.1 Perforated and non-perforated 
appendicitis are suggested to have different pathophysiologies.2;3 Furthermore, circumstantial 
evidence suggests the possibility of  spontaneous resolution of  uncomplicated cases of  
appendicitis.3 In line with these insights, appendectomy as standard treatment for all cases of  
acute appendicitis is now under debate. Conservative management has been proposed as an 
alternative for selected patients with uncomplicated or simple appendicitis. Several randomized 
trials have indicated that treatment with antibiotics is as safe and effective as appendectomy 
for patients with uncomplicated appendicitis.4 However, preoperative identification of  patients 
with uncomplicated appendicitis has proven to be a challenge. 

Imaging has become standard in the work-up of  suspected appendicitis and has shown 
to improve diagnostic performance.5 Computed tomography (CT) is generally accepted 
as the most accurate test for diagnosing acute appendicitis, but its ability to differentiate 
uncomplicated from complicated appendicitis is less satisfactory.6-10 This shortcoming was 
illustrated by a recent trial that used CT to select patients with uncomplicated appendicitis 
before randomization to either antibiotics or surgery.11 Of  the 119 patients randomized to 
undergo appendectomy for presumed simple appendicitis, 21 (17.6 per cent) had complicated 
appendicitis identified during surgery. Comparable disappointing results have been reported 
for ultrasonography, ultrasound imaging with conditional CT, and magnetic resonance 
imaging (MRI).12;13 

To improve the differentiation between uncomplicated and complicated appendicitis, 
clinical findings and laboratory test results can be combined with imaging features. Frequently 
described predictors of  appendiceal perforation include higher age14;15, longer duration of  
symptoms14;16;17, and clearly increased levels of  inflammatory markers3;16-18. Although these 
elements of  routine diagnostic assessment are weak discriminators individually, when combined 
they can achieve high discriminatory power for the diagnosis of  appendicitis.18 

The aim of  this study was to develop a scoring system based on clinical and imaging 
features to distinguish uncomplicated from complicated (gangrenous or perforated) appendicitis 
in adult patients. As CT as well as ultrasonography is used in the diagnostic workup of  patients 
with suspected acute appendicitis in current practice, a separate scoring system was developed 
for clinical features plus each of  the imaging modalities. 
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METHODS

The Transparent Reporting of  a multivariable prediction model for Individual Prognosis Or 
Diagnosis (TRIPOD) statement checklist was used in this study and for the preparation of  the 
manuscript.19 

Study setting and study population

To resemble the clinical setting of  target patients for whom the scoring system was designed, 
only patients with a clinical suspicion of  acute appendicitis (based on medical history, physical 
examination and laboratory tests) and imaging findings (ultrasonography or CT) positive for 
acute appendicitis were included in the analysis. The differentiation between non-appendicitis 
and appendicitis (either complicated or uncomplicated) in patients suspect of  having 
appendicitis was not the goal of  this study. The aim was to develop a scoring system that 
would aid decision-making after clinical evaluation and imaging had ‘confirmed’ the presence 
acute appendicitis, but where the challenge remained to differentiate between complicated and 
uncomplicated appendicitis. 

Given the different management of  patients with an appendiceal abscess or mass, these 
patients were excluded from the present analysis.  Eligible patients were selected from two 
prospective, multicentre diagnostic accuracy studies. The first (OPTIMA trial) included 1021 
adult patients presenting at the Emergency Department (ED) with acute abdominal pain for 
more than 2 hours and less than 5 days.20;21 All patients underwent both ultrasonography and 
CT. The results of  ultrasound imaging and CT were independently evaluated by different 
observers who were blinded to the other imaging findings. Of  the included patients, 422 
were clinically suspected of  having acute appendicitis, and ultrasound imaging and/or CT 
was positive for appendicitis in 280. The second study (OPTIMAP trial) compared imaging 
strategies with conditional contrast-enhanced CT or unenhanced MRI in 230 consecutive 
adult patients with suspected appendicitis.22;23 All except one patient underwent ultrasound 
examination. After negative or inconclusive findings for appendicitis at ultrasound, CT was 
performed. Of  the 229 patients who underwent ultrasonography, 97 had positive findings 
for appendicitis. Another 115 patients underwent CT (1 patient without previous ultrasound 
imaging), which was positive for appendicitis in 28. Both studies were approved by the medical 
ethics committee of  the initiating centre and all included patients gave written informed 
consent. 

Data collection

Data regarding medical history, physical examination and laboratory findings were pros-
pectively collected in a structured online case record form. 
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Imaging studies

All patients underwent graded compression ultrasonography by staff radiologists or radiological 
residents. CT was performed with intravenous contrast medium only, and was interpreted by 
a staff radiologist or supervised radiological resident. No oral or rectal contrast agents were 
used in this emergency room setting. The absence or presence of  the following features on 
ultrasonography and CT were evaluated: complete visualization of  the appendix (from base to 
tip), thickened appendix (diameter larger than 6 mm), destruction of  the layered wall structure, 
periappendiceal fat  infiltration, presence of  an appendicolith, free fluid adjacent to the 
appendix, presence of  extraluminal free air and presence of  fluid collections. For ultrasound 
imaging, localized tenderness on application of  the transducer and compressibility of  the 
appendix were also recorded. The protocol did not dictate a diagnosis of  appendicitis when 
certain features were present, nor did it state mandatory features required for the diagnosis of  
appendicitis to be made. This was left to the discretion of  the reader who evaluated the images.

Definitions

Final diagnoses were assigned to all included patients by an expert panel based on all available 
data, including clinical information, imaging findings, histopathology reports, operative notes, 
and at least 3 months of  follow-up. All patients had undergone ultrasound imaging as well as 
CT as part of  the study protocol (CT was performed only after negative/inconclusive ultra-
sound examination for appendicitis in the OPTIMAP study). The final diagnosis of  acute 
appendicitis was left to the discretion of  the expert panel, but was mostly based on surgery and 
histopathology reports.

For the categorization of  acute appendicitis into complicated or uncomplicated types, 
operative reports and results from histopathological examination of  the appendix were used 
as reference standard. Complicated appendicitis was defined as gangrenous or perforated 
appendicitis, and/or the presence of  diffuse peritonitis. In the event of  discrepancy between 
the operative findings and the pathology report, surgical findings were decisive. For patients 
without acute appendicitis, the alternative final diagnoses as assigned by the expert panel 
were categorized into complicated alternative diseases (deemed unsuitable for conservative 
management) and uncomplicated alternative diseases (suitable for conservative management).

Variables associated with complicated appendicitis

The medical literature was searched to identify clinical and imaging predictors of  complicated 
appendicitis in patients with suspected acute appendicitis. The following clinical features 
were identified and selected for used in the present analysis: age, duration of  symptoms, body 
temperature, white blood cell (WBC) count and C-reactive protein (CRP) level. CT features 
associated with complicated appendicitis included in the analysis were: destruction of  the 
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appendiceal wall, extraluminal free air, periappendiceal fluid and presence of  an appendicolith. 
Ultrasound features included were: destruction of  the appendiceal wall, periappendiceal fluid, 
presence of  an appendicolith and periappendiceal fat infiltration.

Statistical analysis

Imputation techniques were used to impute missing values for body temperature (6.8 per cent 
missing) (aregImpute function in R, version 3.0.1; R Foundation for Statistical Computing, 
Boston, Massachusetts, USA).With this technique, a random sample is drawn from the 
non-missing values, with replacement, and a flexible model fitted that predicts the missing 
target variable. Each missing value is then imputed with the observed value whose predicted 
transformed value is closest to the predicted transformed value of  the missing value. An 
imputation model was used that included sex, duration of  symptoms, age, WBC count, CRP 
level and the outcome variable complicated disease. The set of  first imputations was used for 
the analysis, after sensitivity analysis showed no differences between models fitted using ten 
different imputed data sets. 

To enhance clinical applicability, continuous variables were categorized. Optimal cut-off 
values were chosen after visual exploration of  the association between these variables and the 
outcome (complicated appendicitis) with use of  restricted cubic spline functions with four knots

(rcspline.plot function in R).With this technique, a smooth curve was fitted and any 
inflection point was identified that could be used to categorize the variable. Age and WBC 
count were dichotomized, whereas body temperature and CRP level were each converted into 
three categories.

Two separate models were created in a similar way: one based on clinical and CT 
features, and the other based on clinical and ultrasound features. A multivariable logistic 
regression model with the selected predictors was fit and reduced using stepwise backward 
selection, based on a P value of  0.15, to arrive at a parsimonious model. Interaction terms for 
age and WBC count, and age and CRP level were removed when no significant interaction 
was encountered. The discriminative capacity of  the reduced model was expressed as the area 
under the receiver operating characteristic (ROC) curve (AUC) with corresponding 95 per 
cent confidence interval (CI). In a ROC curve the diagnostic accuracy of  a test is  depicted 
by plotting the sensitivity against 100 – specificity. A perfect diagnostic test with 100 per cent 
sensitivity and 100 per cent specificity will have its coordinates in the upper left corner resulting 
in an AUC of  1.0.

Internal validation was done to adjust for overfitting by means of  bootstrapping with 
500 replications. With this technique, random samples of  the same size as the original sample 
are drawn, with replacement, from the original sample. This process mimics sampling from 
the patient population underlying the study population. Subsequently, a model is fit in each 
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bootstrap sample, and the difference between performance in the bootstrap samples and 
performance in the original sample is used to estimate the optimism, and an estimate of  a 
shrinkage factor – to correct for optimism – is provided. The regression coefficients of  the final 
model were multiplied by the shrinkage factor and a new AUC was calculated. A corrected 
Nagelkerke R2 value was also reported.

Both models were transformed into clinically applicable scoring systems. For each 
predictor in the final model a weighted point total was calculated by multiplying its adjusted 
coefficient, and rounding it to the nearest integer. With use of  these scoring systems, a 
total score was calculated for each patient. Subsequently, a cut-off analysis was performed 
in the study population to demonstrate the potential of  both models to select patients with 
predicted uncomplicated appendicitis. The aim was to correctly identify as many patients with 
uncomplicated appendicitis as possible, while limiting the number of  false-negatives (patients 

Excluded: imaging inconclusive / 
negative for acute appendicitis 

n = 247

Clinically suspected of acute appendicitis
n = 652

Imaging positive for acute appendicitis
n = 405

Excluded: appendiceal abcess or mass
n = 10

Suspected of acute appendicitis based on 
clinical evaluation and imaging

n = 395

Final diagnoses
 Complicated appendicitis    n = 110
 Uncomplicated appendicitis    n = 239
 Complicated alternate disease    n = 4
 Uncomplicated alternate disease  n = 42

CT positive for acute appendicitis
n = 284

Final diagnoses
 Complicated appendicitis    n = 81
 Uncomplicated appendicitis    n = 179
 Complicated alternate disease    n = 1
 Uncomplicated alternate disease  n = 23

Ultrasound positive for acute appendicitis
n = 312

Final diagnoses
 Complicated appendicitis    n = 886
 Uncomplicated appendicitis    n = 199
 Complicated alternate disease    n = 3
 Uncomplicated alternate disease  n = 24

Figure 1 Flowchart depicting patient selection
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with complicated appendicitis or complicated alternative diseases wrongly considered to have 
uncomplicated disease targeted at maximum of  5 per cent). Estimates of  the sensitivity and 
specificity were calculated for both models and their cut-off values by comparing the prediction 
of  the scoring systems with the final diagnoses. Estimates of  the positive predictive value (PPV) 
and negative predictive value (NPV) were also calculated.

Normally distributed data are expressed as mean (standard deviation or SD) and non-
normally distributed data as median (interquartile range or IQR). P <0.05 was considered to 
indicate statistical significance. All statistical analyses were performed using SPSS® version 20.0 
(IBM, Armonk, New York, USA) and R version 3.0.1 (R Foundation for Statistical Computing).

RESULTS

A total of  652 patients had clinical suspicion of  acute appendicitis from the two prospective 
studies combined (Fig. 1). After imaging, the diagnosis of  acute appendicitis was discarded in 
247 patients, whereas imaging (ultrasonography and/or CT) was positive for acute appendicitis 
in 405 patients. Ten patients had an appendiceal abscess or mass and were excluded from the 
analysis. The remaining 395 patients were included in the present study. Median age of  the 
included patients was 37 (27-50) years and 215 (54.4 per cent) were men. Characteristics of  the 
included patients are shown in Table 1. 

Ultrasound examination was carried out in all except one of  the 395 patients, and CT 
was performed in 303. Both CT and ultrasonography were positive for appendicitis in 201 
patients, whereas CT alone was positive in 83 and ultrasound imaging alone in 111. Therefore, 
acute appendicitis was suspected in 284 patients based on clinical evaluation and CT, and in 
312 patients based on clinical evaluation and ultrasound imaging.

Operative and histopathology reports were available for all except four of  the included 
patients. Of  the 395 patients, 110 (27.8 per cent) had complicated appendicitis and 239 (60.5 
per cent) had uncomplicated appendicitis. The rate of  complicated appendicitis among all cases 
of  appendicitis was 31.5 per cent (110 of  349) and did not differ between the two prospective 
study cohorts (35.1 versus 29.8 per cent; P=0.321). The remaining 46 patients (11.6 per cent) 
did not have acute appendicitis. Four patients had an alternative final diagnosis categorized as 
complicated disease: complicated/perforated diverticulitis (3) and perforated Crohn’s disease 
(1). The alternative final diagnoses in the other 42 patients were categorized as uncomplicated: 
non-specific abdominal pain (19), inflammatory bowel disease (8), uncomplicated diverticulitis 
(5), gastroenteritis (4), acute epiploic appendagitis (3), ruptured ovarian cyst (2) and small bowel 
obstruction (1).
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Table 1 Baseline characteristics of the included patients

Age, median (IQR) in years 37 (27-50)

Male sex, % 215 (54)

Body temperature†, mean (SD) in °C 37.4 (±0.77)

Duration of symptoms ≥ 48 hours, % 174 (44)

WBC count, median (IQR) in 109/L 13.3 (10.5-16.4)

CRP level, median (IQR) in mg/L 41.0 (16.0-95.0)

Suspected of appendicitis based on clinical evaluation and CT, % 284 (72)

Suspected of appendicitis based on clinical evaluation and ultrasound, % 312 (79)

Final diagnosis 

Complicated appendicitis, %

Uncomplicated appendicitis, %

Alternate complicated disease, %

Alternate uncomplicated disease, %

110 (28)

239 (61)

4 (1)

42 (11) 

IQR = inter quartile range, PE = physical examination, SD = standard deviation, WBC = white blood cell, CRP = 

c-reactive protein, CT = computed tomography

† Data was available for 368 (93 per cent) patients

Table 2 Variables in the final model based on clinical and CT features

Variable OR 95% c.i. 

Age ≥ 45 years 2.24 1.08-4.63

Body temperature        ≤ 37°C

                                         37 – 38°C

                                         ≥ 38°C

-

3.82

9.34

-

1.47-9.93

3.28-26.61

Duration of symptoms ≥ 48 hours 3.45 1.54-7.70

WBC count > 13 x 109/L 2.62 1.23-5.62

CRP level                         ≤ 50 mg/L

                                         > 50 mg/L

                                         > 100 mg/L

-

3.25

6.12

-

1.32-8.00

2.39-15.71

Extraluminal free air on CT 15.29 2.53-92.19

Peri-appendiceal fluid on CT 3.09 1.38-6.88

Appendicolith on CT 3.03 1.38-6.62

OR = odds ratio, c.i = confidence interval, WBC = white blood cell, CRP = C-reactive protein, CT= computed 

tomography 
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Scoring system based on clinical and CT features

Of  the 284 patients with suspected acute appendicitis based on clinical evaluation and 
CT imaging, 81 (28.5 per cent) had complicated appendicitis and 179 had uncomplicated 
appendicitis. The remaining 24 patients did not have appendicitis (false-positives): one patient 
had a complicated and 23 an uncomplicated alternative disease. Details of  the univariable 
analysis are given in Appendix 1. In multivariable analysis, after backward elimination, eight 
predictors were included in the final model: age, body temperature, duration of  symptoms, 
WBC count, CRP level, extraluminal free air on CT, periappendiceal fluid on CT and presence 
of  an appendicolith on CT (Table 2). The discriminatory capacity of  this model expressed as 
the AUC was 0.90 (95 per cent CI 0.87 to 0.94). After adjustment for overfitting, the AUC was 
0.88 (95 per cent CI 0.85 to 0.92) (Fig. 2). The corrected Nagelkerke R2 value was 0.57. Details 
of  the full adjusted model are presented in Appendix 2..

A scoring system was derived based on the adjusted coefficients of  the predictors in 
the final model, resulting in a maximum possible score of  22 points, a higher score being 
associated with a greater probability of  complicated appendicitis or an alternative complicated 
disease (Table 3).

The total score was calculated for all 284 patients with suspected appendicitis based on 
clinical evaluation and CT (Fig. 3). When the predefined maximum false-negative rate of  5 
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Figure 2 Receiver operating characteristic (ROC) curve with 95 per cent c.i. for the final adjusted 
regression model based on clinical and CT features. Area under the curve 0⋅88 (95 per cent c.i. 0⋅85 
to 0⋅92)
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per cent was applied, the optimal cut-off value was 7 points. Of  the 284 patients, 150 had 6 
points or less; eight of  these patients (5.3 per cent) had a false-negative result and did have 
complicated appendicitis or an alternative complicated disease. The remaining 142 patients 
(94.7 per cent) were correctly identified and indeed had uncomplicated appendicitis or an 
alternative uncomplicated disease. This sample of  142 patients represented 70.3 per cent of  
all 202 patients with uncomplicated appendicitis or alternative uncomplicated diseases. The 
corresponding sensitivity and specificity for this cut-off value were 90.2 (95 per cent CI 81.7 to 
95.7) and 70.3 (95 per cent CI 63.5 to 76.5) per cent respectively. The PPV was 55.2 (95 per 
cent CI 46.4 to 63.8) per cent and the NPV 94.7 (95 per cent CI 89.8 to 97.7) per cent.

Scoring system based on clinical and ultrasound features

Of  the 312 patients who were suspected of  acute appendicitis based on clinical evaluation 
and  ultrasound, 86 (28 per cent) had complicated appendicitis and 199 had uncomplicated 
appendicitis. Of  the 27 patients who did not have appendicitis, three had a complicated 
alternative disease and 24 had an uncomplicated alternative disease. Seven predictors were 
included in the final model after multivariable analysis with backward elimination; age, body 
temperature, duration of  symptoms, WBC count, CRP level and periappendiceal fluid and 
presence of  an appendicolith on ultrasound examination (Table 4). The AUC of  this model 
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Figure 3 Calculated scores based on clinical and CT features for 284 patients with uncomplicated 
and complicated appendicitis. The dotted line indicates the optimal cut-off value with a maximum 
false-negative rate of 5 per cent
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Table 3 Variables in the final model based on clinical and ultrasound features

Variable OR 95% c.i. 

Age ≥ 45 years 2.45 1.33-4.51

Body temperature 

                               

≤ 37°C

37 – 38°C

≥ 38°C

-

1.77

4.53

-

0.87-3.62

1.97-10.43

Duration of symptoms ≥ 48 hours 1.83 0.95-3.50

WBC count > 13 x 109/L 2.39 1.28-4.45

CRP level                         ≤ 50 mg/L

                                         > 50 mg/L

                                         > 100 mg/L

-

5.22

7.08

-

2.36-11.53

3.29-15.22

Peri-appendiceal fluid on US 2.41 1.24-4.71

Appendicolith on US 1.99 0.89-4.44

OR = odds ratio, c.i = confidence interval, WBC = white blood cell, CRP = C-reactive protein, US = ultrasound

Table 4 Scoring system based on clinical and imaging features for both CT and ultrasound 

Variable Clinical and CT features Clinical and US features

Points Points

Age ≥ 45 years 2 2

Body temperature 

                               

≤ 37°C

37 – 38°C

≥ 38°C

0

2

4

0

2

4

Duration of symptoms ≥ 48 hours 2 2

WBC count > 13 x 109/L 2 2

CRP level                         ≤ 50 mg/L

                                         > 50 mg/L

                                         > 100 mg/L

0

2

3

0

4

5

Extraluminal free air on imaging 5 -

Peri-appendiceal fluid on imaging 2 2

Appendicolith on imaging 2 2

Maximum score 22 19

WBC = white blood cell, CRP = c-reactive protein, US = ultrasound, CT = computed tomography



101

Scoring system to distinguish uncomplicated from complicated acute appendicitis 

Figure 4 Receiver operating characteristic (ROC) curve with 95 per cent confidence interval for the 
final adjusted regression model based on clinical and ultrasound features. Area under the curve 
0⋅82 (95 per cent confidence interval. 0.77 to 0.86)

Figure 5 Calculated scores based on clinical and ultrasound features for 312 patients with uncom-
plicated and complicated appendicitis. The vertical line indicates the optimal cut-off value with a 
maximum false-negative rate of 5 per cent
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was 0.85 (95 per cent CI 0.80 to 0.89) and 0.82 (95 per cent CI 0.77 to 0.86) after correction 
for overfitting. Nagelkerke R2 was 0.42. Details of  the full adjusted model based on clinical and 
ultrasound features are presented in Appendix 3.

Weighted points were calculated for the final predictors in the multivariable model, 
resulting in a maximum total score of  19 points (Table 3). In comparison to the scoring system 
based on CT features, extraluminal free air on CT was omitted as predictor whereas two of  the 
CRP categories (>50 mg/L and >100 mg/L) were each ascribed 2 point extra. 

Based on this scoring system, a total score was calculated for all 312 patients with 
suspected appendicitis based on clinical evaluation and ultrasound imaging (Fig. 5). Cut-off 
analysis revealed an optimal cut-off value of  6 points. A total of  105 patients had a score of  
5 points or less. Of  these, 102 were identified correctly and indeed had a disease categorized 
as uncomplicated (including uncomplicated appendicitis), whereas only three patients (2.9 per 
cent) had a false-negative result and did in fact have complicated appendicitis or an alternative 
complicated disease. The sample of  102 patients represented 45.7 per cent of  all 223 patients 
with uncomplicated appendicitis or an alternative uncomplicated disease. The sensitivity was 
96.6 (95 per cent CI 90.5 to 99.3) per cent, specificity 45.7 (95 per cent CI 39.1 to 52.5) per 
cent, PPV 41.6 (95 per cent CI 34.8 to 48.6) per cent and NPV 97.1 (95 per cent CI 91.9 
to 99.4) per cent. If  the cut-off value was set to 7 points, 66.4 per cent of  all patients with 
an uncomplicated disease (148 of  223) were identified at the expense of  8.6 per cent false-
negatives (14 patients).

DISCUSSION

In the present study, a scoring system was developed to distinguish uncomplicated from 
complicated appendicitis. The score was based on patient characteristics and diagnostic 
markers that are collected routinely in clinical practice, combined with features from imaging. 
As CT and ultrasonography are both currently used to diagnose acute appendicitis, two 
separate scoring systems were developed, one incorporating CT features and one based on 
ultrasound features. The score was developed with data from patients in whom the score is 
intended to be used, that is individuals suspected of  having acute appendicitis based on clinical 
evaluation and imaging. With use of  the scoring systems, a substantial group of  patients with 
a low probability of  complicated  appendicitis or alternative complicated diseases (5 per cent) 
can be identified, in whom treatment options other than appendicectomy can be considered.

Several limitations of  this study need to be addressed. First and foremost, the model lacks 
proper external validation. Although the model was validated internally and corrected for 
optimism, the results cannot yet support general application. Proper external validation studies 
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are needed to clarify the generalizability of  the proposed scoring systems. Second, a larger 
study population  including more patients with complicated appendicitis would have allowed 
the inclusion of  further variables in the analysis, although it is known that more variables can 
hamper the usability of  a scoring system. Third, the CT findings in the included patients 
from the OPTIMAP study (28 patients) were not interpreted independently of  the ultrasound 
findings, so the evaluation of  CT features in these patients might have been influenced by the 
results of  ultrasonography. However, in the OPTIMA study CT observers (256 patients) were 
blinded to the findings of  the ultrasound examination that preceded CT. The incorporation of  
imaging features into the present scoring systems also entails potential interobserver variability, 
especially for ultrasound examination, whereas excellent interobserver agreement has been 
described for CT24. Another potential limitation is the definition of  complicated appendicitis 
used in the present study. The definition of  complicated appendicitis remains subject to 
discussion. Here the definition of  complicated appendicitis included both gangrenous and 
perforated appendicitis. Gangrenous appendicitis is believed to be a different entity to simple 
or phlegmonous appendicitis, with the potential to perforate25,26. Patients with an appendiceal 
abscess or inflammatory mass were excluded because this subgroup of  appendicitis warrants a 
separate approach27. In most studies, either intraoperative findings, as reported by the surgeon, 
or results from histopathology reports are used. It has been suggested that there is considerably 
discrepancy when the two are compared16. A combination of  clinical and histopathological 
findings was used in the present analysis, as often done previously28.

The present study is strengthened by the prospective data collection, including features 
from imaging studies that were scored in a standard manner, and its multi-institutional design. 
It included only patients suspected of  having acute appendicitis based on clinical evaluation 
and imaging positive for appendicitis. These patients represent the population in which the 
scoring systems are intended to be used. Furthermore, both proposed scoring systems were 
based on models with good discriminative capacity (AUC over 0.80). The rate of  complicated 
appendicitis in this study was 31.5 per cent, which falls within the range of  reported rates 
(16–32 per cent)28,29.

The importance of  improved selection of  patients with uncomplicated appendicitis has 
been stressed previously11. CT and ultrasound imaging have become standard in the diagnostic 
evaluation of  acute appendicitis, with CT being the most accurate test6,7. Both imaging 
modalities have been reported to be able to discriminate uncomplicated from complicated 
appendicitis12,30–32. Frequently described imaging features associated with perforated appen-
dicitis include a defect of  the appendiceal wall, extraluminal air, periappendiceal fluid and 
the presence of  an appendicolith8,17,30,32–34. Although the specificity of  these imaging findings 
is usually high, reported sensitivity is low9,10,35. However, for the purpose of  selecting patients 
for treatments other than appendicectomy, a high sensitivity is required to adequately rule out 
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gangrenous or perforated appendicitis. Therefore, patient selection solely based on imaging 
might not be accurate enough9,10,13. This was recently illustrated by Vons and colleagues11 in 
a study comparing antibiotic treatment with appendicectomy, in which CT was used to select 
patients with uncomplicated appendicitis. No less than 18 per cent of  the patients randomized 
to undergo appendicectomy were found to have complicated appendicitis. Several concerns 
regarding their method for selection of  patients with uncomplicated appendicitis have been 
expressed36. Eligibility for inclusion was primarily determined based on CT diagnoses without 
taking clinical findings into account, thereby potentially including patients without true 
appendicitis. Furthermore, all patients with periappendiceal fluid were excluded, although 
this can be a finding in patients with uncomplicated appendicitis as well. However, these 
aspects are more likely to have underestimated the inability of  CT to select uncomplicated 
cases than overestimate this shortcoming. To improve selection in the present study, clinical 
features were included in the scoring systems as well as imaging features. Clinical features, 
especially when two or more are combined, have been suggested to be of  diagnostic value for 
acute appendicitis18. The clinical features included in the present scoring systems have all been 
frequently reported to be predictors of  appendiceal perforation14–16,33,37–41.

Evaluation of  the scoring systems showed that under 5 per cent of  patients with 6 
points or less on the CT-based score, or 5 points or less on the ultrasound-based score, had 
complicated appendicitis. With application of  this cut-off value to the scoring system based on 
clinical and CT features, 70.3 per cent of  all patients with uncomplicated appendicitis could 
be correctly identified before surgery with a NPV of  94.7 per cent. Ideally, all patients with 
uncomplicated appendicitis would have been identified as such. However, in practice there is a 
trade-off between the number of  true-positives and false-positives, and true-negatives and false-
negatives. It is arguable whether or not the correct identification of  70 per cent of  the patients 
with uncomplicated appendicitis and a 30 per cent overshoot in classification as complicated 
appendicitis is satisfactory. However, false-negative classification of  complicated appendicitis, 
with subsequent conservative treatment instead of  appendicectomy, is viewed as less desirable 
than false-positive classification of  uncomplicated appendicitis with appendicectomy (presently 
still standard treatment) instead of  conservative management. In several previous reports11,36,42 

on the conservative management of  acute appendicitis, it is unclear how many patients were 
assessed for eligibility and how many were subsequently excluded, or what the final diagnoses 
in these excluded patients were. When applying the threshold of  5 per cent false-negatives to 
the ultrasound score in the present analysis, less than half  of  all patients with uncomplicated 
appendicitis were identified correctly. This increased to 66.4 per cent when the cut-off value 
was increased by 1 point, at the expense of  a false-negative rate of  8.6 per cent. The difference 
in performance between the CT and ultrasound scores underlines the superiority of  CT 
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in diagnosing acute appendicitis, overall and for the differentiation of  uncomplicated from 
complicated appendicitis.

Several scoring systems for acute appendicitis have been evaluated previously; the 
Alvarado score43 and the more recent Appendicitis Inflammatory Response (AIR) score44 are 
the best known. Both scores were developed originally to identify patients with appendicitis 
among all patients with clinically suspected appendicitis. In the present study, a score was 
developed for a different clinical concept. The differentiation between non-appendicitis and 
appendicitis (either complicated or uncomplicated) in patients with suspected appendicitis was 
not the goal. Instead, the aim was to develop a scoring system to aid decision-making once 
clinical evaluation and imaging has ‘confirmed’ appendicitis, but the challenge remains to 
differentiate between complicated and uncomplicated appendicitis. The AIR score has also 
been evaluated in terms of  identifying complicated appendicitis and excellent discriminative 
performance has been described44–46. However, this was based on the ability of  the score 
to discriminate advanced appendicitis from non-appendicitis, making direct comparisons 
with the present results difficult. Unfortunately these existing scoring systems could not be 
evaluated in the patient population studied here because required data, such as percentage of  
polymorphonuclear leucocytes, were not available.

The proposed scoring systems based on clinical and imaging features enable more 
accurate preoperative identification of  patients with simple or uncomplicated appendicitis. 
They now need external validation The proposed scoring systems based on clinical and 
imaging features enable more accurate preoperative identification of  patients with simple or 
uncomplicated appendicitis. They now need external validation.
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Appendix 1 Univariable analysis of clinical, CT and ultrasound features of complicated appendicitis 
or alternative complicated diseases

No. of 

patients 

(n = 395)

Patient category*

Odds ratio

Sensitivity

(%)

Specificity

(%) PPV (%) NPV (%) AUC Complicated Uncomplicated

Clinical features

Age ≥ 45 years 395 63 of 114 78 of 281 3.22 (2.05, 5.05) 55.3 (45.7, 64.6) 72.2 (66.6, 77.4) 44.7 (36.3, 53.3) 79.9 (74.5, 84.7) 0.64 (0.58, 0.70)

Body temperature (°C )†      

≤ 37.0

37.1–37.9

≥ 38.0

395

22 of 114

48 of 114

44 of 114

115 of 281

126 of 281

40 of 281

1.00 (reference)

2.29 (1.05, 4.99)

6.60 (2.89, 15.07)

38.6 (29.6, 48.2) 85.8 (81.1, 89.6) 52.4 (41.2, 63.4) 77.5 (72.4, 82.0) 0.62 (0.56, 0.69)

Duration of symptoms ≥ 48 h 395 72 of 114 102 of 281 3.00 (1.92, 4.73) 63.2 (53.6, 72.0) 63.7 (57.8, 69.3) 41.4 (34.0, 49.1) 81.0 (75.2, 86.0) 0.63 (0.57, 0.70)

WBC count > 13 × 109/l 395 74 of 114 132 of 281 2.09 (1.33, 3.28) 64.9 (55.4, 73.6) 53.0 (47.0, 59.0) 35.9 (29.4, 42.9) 78.8 (72.3, 84.4) 0.59 (0.53, 0.65)

C-reactive protein (mg/l)† 

≤ 50

51–100 

> 100 

395

26 of 114

30 of 114

58 of 114

189 of 281

56 of 281

36 of 281

1.00 (reference) 

3.89 (2.13, 7.12)

11.71 (6.53, 21.00)

50.9 (41.4, 60.4) 87.2 (82.7, 90.9) 61.7 (51.1, 71.5) 81.4 (76.5, 85.6) 0.69 (0.63, 0.75)

CT features

Destruction of appendiceal wall 284 21 of 82 30 of 202 1.98 (1.05, 3.70) 25.6 (16.6, 36.4) 85.2 (79.5, 89.8) 41.1 (27.6, 55.8) 73.8 (67.7, 79.4) 0.55 (0.48, 0.63)

Free extraluminal air 284 15 of 82 2 of 202 22.39 (4.99, 100.45) 18.3 (10.6, 28.4) 99.0 (96.5, 99.9) 88.2 (63.5, 98.2) 74.9 (69.3, 80.0) 0.59 (0.51, 0.66)

Periappendiceal fluid 284 35 of 82 32 of 202 3.96 (2.22, 7.05) 42.7 (31.8, 54.1) 84.2 (78.4, 88.9) 52.2 (39.7, 64.6) 78.3 (72.3, 83.6) 0.63 (0.56, 0.71)

Presence of appendicolith 284 39 of 82 39 of 202 3.79 (2.17, 6.61) 47.6 (36.4, 58.9) 80.7 (74.6, 85.9) 50.0 (38.5, 61.5) 79.1 (72.9, 84.5) 0.64 (0.57, 0.72)

Ultrasound features

Destruction of appendiceal wall 312 24 of 89 52 of 223 1.21 (0.69, 2.13) 27.0 (18.1, 37.4) 76.7 (70.6, 82.1) 31.6 (21.4, 43.3) 72.5 (66.3, 78.1) 0.52 (0.48, 0.59)

Periappendiceal fluid 312 33 of 89 41 of 223 2.616 (1.51, 4.52) 37.1 (27.1, 48.0) 81.6 (75.9, 86.5) 44.6 (33.0, 56.6) 76.5 (70.6, 81.7) 0.59 (0.52, 0.67)

Presence of appendicolith 312 20 of 89 32 of 223 1.730 (0.93, 3.23) 22.5 (14.3, 32.6) 85.7 (80.4, 90.0) 38.5 (25.3, 53.0) 73.5 (67.7, 78.3) 0.54 (0.47, 0.61)

Periappendiceal fat infiltration 312 75 of 89 151 of 223 2.55 (1.35, 4.83) 84.3 (75.0, 91.1) 32.3 (26.2, 38.9) 33.2 (27.1, 39.7) 83.7 (74.2, 90.8) 0.58 (0.52, 0.65)

Values in parentheses are 95 per cent c.i. *Complicated includes complicated appendicitis and complicated 

alternative diseases; uncomplicated includes uncomplicated appendicitis and uncomplicated alternative 

diseases. For body temperature and C-reactive protein level, sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV) and area under the receiver operating characteristic (ROC) curve (AUC)  

were calculated based on the highest category (at least 38°C and over 100 mg/l respectively).
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Appendix 1 Univariable analysis of clinical, CT and ultrasound features of complicated appendicitis 
or alternative complicated diseases

No. of 

patients 

(n = 395)

Patient category*

Odds ratio

Sensitivity

(%)

Specificity

(%) PPV (%) NPV (%) AUC Complicated Uncomplicated

Clinical features

Age ≥ 45 years 395 63 of 114 78 of 281 3.22 (2.05, 5.05) 55.3 (45.7, 64.6) 72.2 (66.6, 77.4) 44.7 (36.3, 53.3) 79.9 (74.5, 84.7) 0.64 (0.58, 0.70)

Body temperature (°C )†      

≤ 37.0

37.1–37.9

≥ 38.0

395

22 of 114

48 of 114

44 of 114

115 of 281

126 of 281

40 of 281

1.00 (reference)

2.29 (1.05, 4.99)

6.60 (2.89, 15.07)

38.6 (29.6, 48.2) 85.8 (81.1, 89.6) 52.4 (41.2, 63.4) 77.5 (72.4, 82.0) 0.62 (0.56, 0.69)

Duration of symptoms ≥ 48 h 395 72 of 114 102 of 281 3.00 (1.92, 4.73) 63.2 (53.6, 72.0) 63.7 (57.8, 69.3) 41.4 (34.0, 49.1) 81.0 (75.2, 86.0) 0.63 (0.57, 0.70)

WBC count > 13 × 109/l 395 74 of 114 132 of 281 2.09 (1.33, 3.28) 64.9 (55.4, 73.6) 53.0 (47.0, 59.0) 35.9 (29.4, 42.9) 78.8 (72.3, 84.4) 0.59 (0.53, 0.65)

C-reactive protein (mg/l)† 

≤ 50

51–100 

> 100 

395

26 of 114

30 of 114

58 of 114

189 of 281

56 of 281

36 of 281

1.00 (reference) 

3.89 (2.13, 7.12)

11.71 (6.53, 21.00)

50.9 (41.4, 60.4) 87.2 (82.7, 90.9) 61.7 (51.1, 71.5) 81.4 (76.5, 85.6) 0.69 (0.63, 0.75)

CT features

Destruction of appendiceal wall 284 21 of 82 30 of 202 1.98 (1.05, 3.70) 25.6 (16.6, 36.4) 85.2 (79.5, 89.8) 41.1 (27.6, 55.8) 73.8 (67.7, 79.4) 0.55 (0.48, 0.63)

Free extraluminal air 284 15 of 82 2 of 202 22.39 (4.99, 100.45) 18.3 (10.6, 28.4) 99.0 (96.5, 99.9) 88.2 (63.5, 98.2) 74.9 (69.3, 80.0) 0.59 (0.51, 0.66)

Periappendiceal fluid 284 35 of 82 32 of 202 3.96 (2.22, 7.05) 42.7 (31.8, 54.1) 84.2 (78.4, 88.9) 52.2 (39.7, 64.6) 78.3 (72.3, 83.6) 0.63 (0.56, 0.71)

Presence of appendicolith 284 39 of 82 39 of 202 3.79 (2.17, 6.61) 47.6 (36.4, 58.9) 80.7 (74.6, 85.9) 50.0 (38.5, 61.5) 79.1 (72.9, 84.5) 0.64 (0.57, 0.72)

Ultrasound features

Destruction of appendiceal wall 312 24 of 89 52 of 223 1.21 (0.69, 2.13) 27.0 (18.1, 37.4) 76.7 (70.6, 82.1) 31.6 (21.4, 43.3) 72.5 (66.3, 78.1) 0.52 (0.48, 0.59)

Periappendiceal fluid 312 33 of 89 41 of 223 2.616 (1.51, 4.52) 37.1 (27.1, 48.0) 81.6 (75.9, 86.5) 44.6 (33.0, 56.6) 76.5 (70.6, 81.7) 0.59 (0.52, 0.67)

Presence of appendicolith 312 20 of 89 32 of 223 1.730 (0.93, 3.23) 22.5 (14.3, 32.6) 85.7 (80.4, 90.0) 38.5 (25.3, 53.0) 73.5 (67.7, 78.3) 0.54 (0.47, 0.61)

Periappendiceal fat infiltration 312 75 of 89 151 of 223 2.55 (1.35, 4.83) 84.3 (75.0, 91.1) 32.3 (26.2, 38.9) 33.2 (27.1, 39.7) 83.7 (74.2, 90.8) 0.58 (0.52, 0.65)

Values in parentheses are 95 per cent c.i. *Complicated includes complicated appendicitis and complicated 

alternative diseases; uncomplicated includes uncomplicated appendicitis and uncomplicated alternative 

diseases. For body temperature and C-reactive protein level, sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV) and area under the receiver operating characteristic (ROC) curve (AUC)  

were calculated based on the highest category (at least 38°C and over 100 mg/l respectively).
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Appendix 2 Full model based on clinical and CT features

β coefficient Odds ratio

Clinical features

Age ≥ 45 years 0.69 2.24 (1.08, 4.63)

Body temperature (°C )      

≤ 37.0

37.1–37.9

≥ 38.0

–

1.15

1.92

1.00 (reference)

3.82 (1.47, 9.93)

9.34 (3.28, 26.61)

Duration of symptoms ≥ 48 h 1.06 3.45 (1.54, 7.70)

WBC count > 13 × 109/l 0.83 2.62 (1.23, 5.62)

CRP (mg/l) 

≤ 50

51–100 

> 100

– 

1.01

1.55

1.00 (reference) 

3.25 (1.32, 8.00)

6.12 (2.39, 15.71)

CT features

Free extraluminal air 2.34 15.29 (2.53, 92.19)

Periappendiceal fluid 0.97 3.09 (1.38, 6.88)

Presence of appendicolith 0.95 3.03 (1.38, 6.62)

Intercept –4.72

Values in parentheses are 95 per cent c.i. WBC, white blood cell; CRP, C-reactive protein.The predicted probability 

of complicated appendicitis or an alternative complicated disease can be calculated using the following formula: 

P = 1/(1 + exp(– (–4.72 + 0.69 (if age ≥ 45 years) + 1.15 (if body temperature 37–38°C) + 1.92 (if body temperature 

≥ 38°C) + 1.06 (if duration of symptoms ≥ 48 h) + 0.83 (if WBC count > 13 × 109/l) + 1.01 (if CRP level > 50 mg/l) 

+ 1.55 (if CRP level > 100 mg/l) + 2.34 (if free extraluminal air on CT) + 0.97 (if periappendiceal fluid on CT) + 

0.95 (if presence of appendicolith on CT)))).
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Appendix 3 Full model based on clinical and ultrasound features

β coefficient Odds ratio

Clinical features

Age ≥ 45 years 0.76 2.45 (1.33, 4.51)

Body temperature (°C )     

≤ 37.0

37.1–37.9

≥ 38.0

–

0.48

1.28

1.00 (reference)

1.77 (0.87, 3.62)

4.53 (1.97, 10.43)

Duration of symptoms ≥ 48 h 0.51 1.83 (0.95, 3.50)

WBC count > 13 × 109/l 0.74 2.39 (1.28, 4.45)

C-reactive protein (mg/l) 

≤ 50

51–100 

> 100

–

1.40

1.65

1.00 (reference)

5.22 (2.36, 11.53)

7.08 (3.29, 15.22)

Ultrasound features

Periappendiceal fluid 0.74 2.41 (1.24, 4.71)

Presence of appendicolith 0.58 1.99 (0.89, 4.44)

Intercept –3.69

Values in parentheses are 95 per cent c.i. WBC, white blood cell; CRP, C-reactive protein.The predicted probability 

of complicated appendicitis or an alternative complicated disease can be calculated using the following 

formula: P = 1/(1 + exp(– (– 3.69 + 0.76 (if age ≥ 45 years) + 0.48 (if body temperature 37–38°C) + 1.28 (if body 

temperature ≥ 38°C) + 0.51 (if duration of symptoms ≥ 48 h) + 0.74 (if WBC count > 13 × 109/l) + 1.40 (if CRP 

level > 50 mg/l) + 1.65 (if CRP level > 100 mg/l) + 0.74 (if periappendiceal fluid on ultrasonography) + 0.58 (if 

presence of appendicolith on ultrasonography)))).
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ABSTRACT 

Objectives

To compare the diagnostic accuracy of  conditional computed tomography (CT), i.e. CT when 
initial ultrasound is negative or inconclusive, and immediate CT for patients with suspected 
appendicitis.

Methods

Data were collected within a prospective diagnostic accuracy study on imaging in adults with 
acute abdominal pain. All patients underwent ultrasound and CT, read by different observers 
who were blinded from the other modality. Only patients with clinical suspicion of  appendicitis 
were included. An expert panel assigned a final diagnosis to each patient after 6 months of  
follow-up (clinical reference standard).

Results

A total of  422 patients were included with final diagnosis appendicitis in 251 (60 per cent). For 
199 patients (47 per cent), ultrasound findings were inconclusive or negative. Conditional CT 
imaging correctly identified 241 of  251 (96 per cent) appendicitis cases (95 per cent CI 92 to 
98), versus 238 (95 per cent) with immediate CT (95 per cent CI 91 to 97). The specificity of  
conditional CT imaging was lower: 77 per cent (95 per cent CI 70 to 83) versus 87 per cent for 
immediate CT (95 per cent CI 81 to 91).

Conclusion

A conditional CT strategy correctly identifies as many patients with appendicitis as an 
immediate CT strategy, and can halve the number of  CTs needed. However, conditional CT 
imaging results in more false positives.
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INTRODUCTION

Acute appendicitis is a very frequent underlying condition in adult patients presenting with 
acute abdominal pain at the emergency department. Diagnosing acute appendicitis remains 
a challenge. Imaging studies such as ultrasound and computed tomography (CT) have be-
come standard in the evaluation of  patients with suspected appendicitis and have shown to 
improve diagnostic accuracy and lower the negative appendectomy rate, compared to clinical 
evaluation only.1;2 

In terms of  diagnostic performance, CT is found to be superior compared to ultrasound in 
detecting appendicitis.3;4 However, CT exposes patients to considerable ionizing radiation and 
is associated with a lifetime radiation-induced cancer risk.5 Enhancement of  abdominal CT 
with intravenous contrast is customary, which potentially causes contrast-induced nephropathy 
or allergic reactions to iodinated contrast. 

Ultrasound lacks radiation, does not require contrast-agent administration and is 
completely non-invasive. In an attempt to reduce the number of  performed CT examinations 
while maintaining diagnostic accuracy, a conditional CT strategy has been developed for 
patients with acute abdominal pain.6 In a conditional strategy ultrasound is performed in 
all patients suspected of  an urgent condition while CT is only used in those with negative or 
inconclusive ultrasound. This strategy was found to be the preferred strategy in unselected 
patients with acute abdominal pain at the emergency department, with the highest sensitivity 
and lowest overall exposure to radiation.6 

It is unclear whether these general results also hold for the large subgroup of  patients 
with suspected appendicitis. Satisfying results have been reported on the implementation of  a 
conditional CT strategy for acute appendicitis and its application is recommended by Dutch 
guidelines.7-9 In other countries the immediate use of  CT is more customary for this group of  
patients.1;10;11 To our knowledge, no direct comparison of  a conditional CT strategy versus an 
immediate CT strategy for suspected acute appendicitis has been made thus far.

The aim of  the present study was to compare the diagnostic accuracy of  a conditional 
CT strategy (CT only after inconclusive or negative ultrasound) versus an immediate CT 
strategy (CT in all without prior ultrasound) in adult patients with clinical suspicion of  acute 
appendicitis. The second aim was to evaluate the diagnostic accuracy for other urgent surgical 
conditions in patients clinically suspected of  acute appendicitis, since in clinical practice also 
the correct identification of  alternate underlying conditions is important.
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METHODS

Data for the present study were collected as part of  a prospective, multi-center, diagnostic 
accuracy study investigating the additional value of  imaging on top of  clinical evaluation in 
adult patients presenting with acute abdominal pain at the emergency department between 
March 2005 and November 2006. Details on the patient identification and imaging protocols 
have been published elsewhere.6;12 The Medical Ethics Committee approved the original study 
and all included patients gave written informed consent. All included patients underwent 
ultrasound as well as CT within a few hours after presentation. Two different observers who 
were blinded from all other imaging findings independently evaluated the results of  ultrasound 
and CT.

Ultrasound

All standardized ultrasound examinations were performed using a curved 3.5-5.0 MHz array 
and a linear 10 MHz array, and findings were recorded in a digital case record form. The 
following appendiceal characteristics were evaluated: complete visualization of  the appendix 
(visualized from to base to the tip of  the appendix), local transducer tenderness, compressibility 
of  the appendix, a thickened appendix (diameter greater than 6 mm), the presence of  an 
appendicolith, an intact layered wall structure, periappendiceal fat infiltration and free fluid 
adjacent to the appendix. Finally, an ultrasound diagnosis was selected from a predefined list 
of  diagnoses.12 The diagnosis of  acute appendicitis was left to the discretion of  the radiologist 
and was not protocolled. Reference standard Ultrasound examinations were performed either 
by a radiological resident or by a staff radiologist. During office hours, ultrasound by residents 
was performed under the supervision of  a staff radiologist.

Computed Tomography

The CT parameters for the different CT systems in the original multicentre study were effective 
mAs level 165, 120 kV, (4×) 2.5-mm collimation, (4×) 3-mm slice width and 0.5-s rotation 
time, and 125 ml intravenous iodinated contrast at 3 ml/s after a 60-s delay. No oral or rectal 
contrast agents were used. Patients with known renal failure underwent non-enhanced CT. The 
CT images were evaluated in the same standardized manner as the ultrasound examination, 
except for transducer tenderness and compressibility of  the appendix. A CT diagnosis was 
selected from the same predefined list of  diagnoses, as used for the ultrasound diagnosis. The 
diagnosis of  acute appendicitis was not protocolled and was left to the discretion of  the reader 
who evaluated the images . Computed tomography was evaluated by a staff radiologist or by a 
resident under the supervision of  a staff radiologist.
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Final diagnoses

A final diagnosis was assigned to every patient by an expert panel, based on histopathological, 
imaging, and surgical findings, clinical information and at least 6 months of  follow-up. The 
panel consisted of  two experienced gastrointestinal surgeons and an experienced abdominal 
radiologist. Every member of  the expert panel individually evaluated all available evidence. 
In case of  disagreement, consensus was achieved by group discussion. A final diagnosis of  
acute appendicitis was predominantly based on surgical findings, obtained histopathology and 
follow-up data. 

Classification of diagnoses

Diagnoses assigned by the expert panel, apart from acute appendicitis, were classified as urgent 
surgical conditions or as conditions not requiring urgent surgical intervention (urgent non-
surgical conditions and non-urgent conditions). Urgent surgical conditions were defined as 
abdominal conditions requiring surgical intervention within 24 hours. 

Statistical analysis

Only patients with a clinical suspicion of  acute appendicitis, based on medical history, physical 
examination, and laboratory tests, were included in the analyses presented here. Estimates 
of  sensitivity and specificity of  imaging strategies for identification of  acute appendicitis 
were calculated by comparing results of  the imaging strategies against the final diagnoses, 
assigned by the expert panel, which served as the clinical reference standard. The results 
of  the conditional CT strategy, as recommended by Dutch guidelines ((http://www.nvgic.
nl/richtlijnen/richtlijn%20appendicitis.pdf), were based on ultrasound diagnoses in patients 
with an ultrasound examination positive for acute appendicitis and the CT diagnoses in the 
remaining patients: those with negative or inconclusive ultrasound findings. Subsequently, only 
CT diagnoses positive for acute appendicitis were labelled ‘positive’ while all other diagnoses 
were regarded ‘inconclusive or negative’. For the results of  the immediate CT strategy, the CT 
findings were used for all patients. Again, only CT diagnoses positive for acute appendicitis 
were labelled ‘positive’ while all other diagnoses were regarded ‘inconclusive or negative’. 
We also calculated the percentage of  missed cases of  acute appendicitis, the number of  false 
positives, and estimates of  the positive predictive value and negative predictive value. In 
addition we calculated how many CTs could be avoided with a conditional CT strategy, by 
calculating the proportion of  patients with positive ultrasound findings.

The difference in performance between the imaging strategies based on likelihood ratios 
were tested for statistical significance by considering ultrasound as ‘triage test’ as described by 
Macaskill et al.13;14 Using this method, a direct comparison of  positive and negative likelihood 
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ratios is made. If  one or both of  the likelihood ratios do not improve significantly, there is no 
clear choice between the two strategies. All statistical analyses were performed with SPSS® 
software version 20.0 (IBM, Armonk, New York). P values of  less than 0.05 were considered 
to indicate statistical significance. 

RESULTS

During a 19-month period, 1101 consecutive patients presented with acute abdominal pain, 
of  whom 80 had to be excluded because of  incomplete case record forms.6 Of  the remaining 
1021 patients, 422 (41 per cent) had a clinical suspicion of  acute appendicitis, based on 
medical history, physical examination, and laboratory tests. These were included in the present 
analysis. Their mean age was 40 years (range 19 – 89); 226 (54 per cent) were female. A list of  
the final diagnoses of  these 422 patients, as assigned by the expert panel, is shown in Table 1. 
Acute appendicitis was the final diagnosis in 251 (59 per cent). Seventeen patients (4.0 per cent) 
had an alternate final diagnosis classified as an urgent surgical condition. The remaining 154 
(36 per cent) patients were assigned final diagnoses classified as urgent non-surgical conditions 
or non-urgent conditions. 

Diagnostic accuracy for acute appendicitis

Flow charts of  the findings of  the conditional CT strategy and the immediate CT strategy are 
depicted in Fig. 1A and 1B. In 199 patients (47 per cent) ultrasound imaging was inconclusive 
or negative for appendicitis. The estimated diagnostic accuracy of  both strategies is shown 
in Table 2. The conditional CT strategy was able to correctly identify a similar number of  
patients with acute appendicitis, compared to the immediate CT strategy: 241 (96 per cent; 
95 per cent CI 93 to 98) versus 238 (95 per cent; 95 per cent CI  91 to 97) of  251. However, 
the conditional CT strategy resulted in more false positives compared to the immediate CT 
strategy (39 versus 22), with a lower specificity of  77 per cent (132 of  171; 95 per cent CI 70 
to 83) versus 87 per cent (149 of  171; 95 per cent CI 81 to 91) and a lower positive predictive 
value of  86 per cent (95 per cent CI 81 to 90) versus 92 per cent (95 per cent CI  87 to 95). 
Comparison of  the diagnostic performance of  the direct CT and the conditional CT strategy 
based on likelihood ratios did not demonstrate superiority of  one strategy.

Diagnostic accuracy for urgent surgical conditions

Imaging diagnoses compared against final diagnoses are listed in Table 3. Of  the 39 patients 
with a false positive diagnosis of  appendicitis following a conditional CT strategy, 6 had 
another underlying urgent surgical condition, compared to 2 of  22 after immediate CT 



121

Imaging strategies with conditional versus immediate CT in acute appendicitis 

Table 1 Final diagnoses in 422 patients clinically suspected of having acute appendicitis

Final diagnoses N %

Acute appendicitis 251 59%

Other urgent surgical conditions 17 4%

Acute diverticulitisa 6 1%

Perforated viscus 3 1%

Adhesive small bowel obstruction 2 0.5%

Malignant bowel obstruction 2 0.5%

Ovarian torsion 2 0.5%

Acute cholecystitis 1 0.2%

Acute peritonitis 1 0.2%

Urgent non-surgical conditions 19 5%

Gynaecological diseasesb 12 3%

Retroperitoneal or abdominal wall bleeding 3 1%

Urological diseasesc 3 1%

Pneumonia 1 0.2%

Non-urgent conditions 135 32%

Nonspecific abdominal pain 67 16%

Acute diverticulitisd 20 5%

Inflammatory bowel disease 18 4%

Gastrointestinal diseasese 15 4%

Urological diseasesf 8 2%

Malignancy 2 0.5%

Gynaecological diseasesg 1 0.2%

Other 4 1%

a Acute diverticulitis with free air and/or free abdominal fluid on computed tomography
b Pelvic inflammatory disease, bleeding/ruptured ovarian cyst, tubo-ovarian abscess
c Ureteral stones with obstruction, pyelonephritis
d Acute diverticulitis without free air or free abdominal fluid on computed tomography
e Gastroenteritis, acute appendagitis epiploica, cholecystolithiasis, obstipation
f Renal and ureteral stones without obstruction, urinary tract infection
g Ovulation pain/bleeding

Table 2 Diagnostic accuracy of ultrasound with conditional CT versus immediate CT for the 
diagnosis of appendicitis in patients with clinical suspicion of acute appendicitis (N=422) 

Imaging 

strategy Sensitivity Missed cases Specificity

Positive 

predictive 

value

False 

positive rate

Negative 

predictive 

value

Conditional CT 96% (93-98) 

241 of 251

4%

10 of 251

77% (70-83)

132 of 171

86% (81-90)

241 of 280

14%

39 of 280

93% (87-96)

132 of 142

Immediate CT 95% (91-97)

238 of 251

5%

13 of 251

87% (81-92)

149 of 171

92% (87-95)

238 of 260

8%

22 of 260

92% (86-95)

149 of 162

Values are percentages, numbers within parentheses indicate 95% confidence intervals. CT = computed 

tomography
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Figure 1 Flowchart of the results of imaging strategies with (a) conditional CT and (b) immediate CT 
in patients with clinical suspicion of acute appendicitis

CT = computed tomography

Clinical suspicion of acute appendicitis
n = 422

Positive for appendicitis
n = 223

Conclusive for appendicitis n = 280

Final diagnoses
 Acute appendicitis    n = 241
 Other diagnoses    n = 39

Ultrasonography

Inconclusive / negative for appendicitis
n = 223

Computed Tomography
Positive for appendicitis

n = 57

Inconclusive / negative for appendicitis n = 142

Final diagnoses
 Acute appendicitis    n = 10
 Other diagnoses    n = 132

Clinical suspicion of acute appendicitis
n = 422

Conclusive for appendicitis n = 260

Final diagnoses
 Acute appendicitis    n = 238
 Other diagnoses    n = 22

Computed Tomography

Inconclusive / negative for appendicitis n = 162

Final diagnoses
 Acute appendicitis    n = 13
 Other diagnoses    n = 149

a Conditional CT

b Immediate CT
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Table 3 Results of imaging strategies compared with final diagnoses as assigned by expert panel for 
appendicitis, other urgent surgical conditions and the remainder of diagnoses 

Final diagnosis

Appendicitis

(n = 251)

Other urgent surgical 

conditiona

(n=17)

Urgent non-surgical 

condition or non-

urgent condition

(n=154)

Conditional CT

Appendicitis 241 6 33

Other urgent surgical 

conditiona

0 10 2

Urgent non-surgical condition 

or non-urgent    

condition

10 1 119

Immediate CT

Appendicitis 238 2 20

Other urgent surgical 

conditiona

0 13 3

Urgent non-surgical condition 

or non-urgent    

condition

13 2 131

a Other surgical urgent conditions were defined as conditions demanding surgical intervention within 24 hours. CT 

= computed tomography

Table 4 Diagnostic accuracy of ultrasound with conditional CT versus immediate CT for the 
diagnosis of all urgent surgical conditions (including acute appendicitis) in patients with clinical 
suspicion of acute appendicitis (N=422)

Imaging 

strategy Sensitivity Missed cases Specificity

Positive 

predictive 

value

False 

positive rate

Negative 

predictive 

value

Conditional 

CT 

96% (93-98) 

257 of 268

4%

11 of 268

77% (70-83)

119 of 154

88% (84-91)

257 of 292

12%

35 of 292

92% (85-95)

119 of 130

Immediate CT 94% (91-97)

253 of 268

6%

15 of 268

85% (78-90)

131 of 154

92% (88-95)

253 of 276

8%

23 of 276

90% (83-94)

131 of 146

Values are percentages; numbers within parentheses indicate 95% confidence intervals. Urgent surgical 

conditions were defined as conditions demanding surgical intervention within 24 hours. CT = computed 

tomography
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imaging. The diagnostic accuracy of  both imaging strategies in detecting urgent surgical 
conditions, including acute appendicitis, in patients with clinical suspicion of  appendicitis is 
shown in Table 4. For urgent conditions, the conditional CT strategy performed comparably 
against the immediate CT strategy, with a sensitivity of  96 versus 94 per cent and a negative 
predictive value of  92 versus 90 per cent. Here also, the specificity of  the conditional strategy 
was significantly lower - 77 versus 85 per cent - as was the positive predictive value, with 
88 versus 92 per cent. Evaluation of  the diagnostic performances based on likelihood ratios 
revealed did not favour any strategy. 

DISCUSSION

In this study, an imaging strategy with conditional use of  CT (CT only after inconclusive or 
negative ultrasound) was directly compared to an immediate CT strategy (CT in all) in adult 
patients with suspected acute appendicitis. The conditional CT strategy was able to correctly 
identify a similar number of  appendicitis cases and more than halved the number of  CT scans 
required. However, the conditional strategy resulted in more false positive cases of  appendicitis. 
About one in five of  these wrongly diagnosed patients had other underlying urgent surgical 
conditions, and the clinical consequences of  these false positive diagnoses may therefore be 
limited. However, for the detection of  urgent surgical conditions, including appendicitis, the 
conditional CT strategy still resulted in more false positives than the immediate CT strategy.

Our results confirm the ability of  the conditional CT strategy to correctly identify 
patients with appendicitis. The higher rate of  false positives in the conditional CT strategy 
compared to the immediate CT strategy is explained by the stepwise nature of  the conditional 
CT strategy, since it accumulates positives of  both modalities: both true and false positives. 
Hence, a conditional strategy will never have a lower sensitivity or a higher specificity than the 
unconditional, immediate strategy, by definition.

Patients considered to have appendicitis on CT after inconclusive or negative ultrasound 
were frequently false positives: 16 of  the 57 patients (28 per cent) who were positive on CT 
after a negative or inconclusive ultrasound did not have appendicitis as their final diagnosis. 
Apparently, both imaging modalities have limited diagnostic performance in these selected 
patients. The false positive rate of  conclusive ultrasound was 10 per cent (23 of  223), whereas 
CT in all patients resulted in 8 per cent false positives (22 of  260). This good diagnostic 
performance of  (conclusive) ultrasound, comparable to CT, suggests that more straightforward 
cases of  appendicitis can adequately be detected by ultrasound.

Relatively high rates of  false positives have previously been reported in a meta-analysis of  
head-to-head comparative studies evaluating ultrasound and CT for suspected appendicitis.4 
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The relatively high false positive rate of  the conditional CT strategy is not reflected in reported 
rates of  negative appendectomies after implementation of  this strategy.7;9;15;16 A possible 
explanation for this discrepancy is the fact that the classification of  imaging results into positive 
or negative is an oversimplification of  clinical practice. The level of  certainty of  the diagnosis 
is ignored while this may play an important role in clinical decision-making. The reported 
percentage of  false positives may not directly lead to comparable percentages of  negative 
appendectomies when the confidence level of  the diagnosis is involved. 

Similar differences in diagnostic performance were demonstrated for alternate surgical 
emergencies just as it was for acute appendicitis. In clinical practice, not only the detection of  
acute appendicitis is important, but also the correct identification of  alternative underlying 
conditions in patients with clinical suspicion of  acute appendicitis. Approximately half  of  the 
patients with an alternate final diagnosis are hospitalized and one in four undergo surgery or 
other invasive interventions.17 

To evaluate the diagnostic performance of  the conditional CT strategy and the 
immediate CT strategy for alternate conditions, all diagnoses were categorized based on the 
need for surgical intervention; conditions demanding urgent surgical intervention (including 
acute appendicitis) and non-urgent conditions or urgent non-surgical conditions. Although 
the authors realize that this classification is arbitrary and represents an oversimplification of  
clinical practice, it does take into account the differences in management of  various underlying 
conditions. The clinical consequence of  falsely diagnosing a patient with appendicitis, and 
potentially commencing surgical treatment, while the patient has a simple urinary tract 
infection is different from falsely diagnosing a patient who has a perforated hollow viscus. 
When the imaging strategy is evaluated as a diagnostic test, both patients are considered 
false positives. However, the latter patient would also need surgical treatment and the clinical 
consequences of  the wrong diagnosis could therefore be limited. 

The present study adds evidence to the debate whether a conditional CT strategy or 
an immediate CT strategy is preferred for adult patients with suspected acute appendicitis. 
Historically, a certain number of  false positives and negative appendectomies is considered 
acceptable, to prevent missed cases of  appendicitis with subsequent wrongful refrainment 
from treatment. Since the management of  acute appendicitis is ever evolving, the desired 
characteristics of  the preferred diagnostic test might change. For instance, with the 
potential conservative treatment of  (uncomplicated) appendicitis, the consequences of  false 
positive diagnoses would be overtreatment with antibiotics, instead of  performing negative 
appendectomies.18 

Besides diagnostic performance, several other aspects should be taken into consideration 
when choosing the appropriate diagnostic strategy. Exposure to CT radiation with the risk 
of  radiation-induced cancer is an increasing concern.5 New techniques have made low dose 
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CT possible and promising results are shown for diagnosing acute appendicitis.19;20 Either as 
single test or as part of  a conditional strategy, low dose CT can potentially limit exposition 
to radiation without compromising diagnostic accuracy.21;22 The newest CT techniques even 
further decrease radiation dose. Alternative imaging modalities such as magnetic resonance 
imaging have also been studied and could potentially be implemented in diagnostic strategies 
for acute appendicitis.23 An additional argument in the debate is the potential of  the conditional 
strategy to offer medical costs savings.24 A strategy based on ultrasound with selective use of  
CT, compared to only ultrasound or only CT, was shown to be a cost-effective imaging strategy 
in paediatric patients.25 Furthermore, an increase in use of  CT for acute appendicitis was 
demonstrated to increase cost of  care, decrease contribution to margin, prolong patient’s stay 
in the emergency department, and to delay time to operation.26

Several potential limitations of  this study need to be addressed. First, as stated previously, 
the classification of  imaging results into positive or negative is an oversimplification of  clinical 
practice. Furthermore, for all patients in whom the ultrasound diagnosis was not positive 
for appendicitis, the CT diagnosis was used for evaluating the diagnostic accuracy of  the 
conditional CT strategy. In clinical practice, performing a CT is not always necessary if  a 
certain diagnosis other than appendicitis is made on ultrasound. The performance of  the 
conditional strategy in reducing the number of  CTs needed could therefore be better than 
our reported results. In a study by Leeuwenburgh et al. the ultrasound examinations in 229 
patients with suspected appendicitis were described.23  In eleven patients, an urgent condition 
other than appendicitis was diagnosed on ultrasound. Therefore, omitting CT when certain 
diagnoses other than appendicitis are made on ultrasound would only further reduce the 
number of  CT scans by approximately 5 per cent. 

The ultrasound and CT examinations that are included in our study were performed in 
2005 and 2006. Technological advances in CT and ultrasound imaging have been made during 
the last decade and have resulted in improved image quality. Potentially, diagnostic accuracy of  
both modalities for acute appendicitis has also improved. However, this improvement would 
likely be marginal and the relative difference in diagnostic accuracy between both modalities 
is presumably unaltered. Another potential limitation is the fact that when applying the 
conditional CT strategy in clinical practice, a CT after an inconclusive or negative ultrasound 
examination is interpreted with knowledge of  ultrasound findings. In our study, CTs after 
ultrasound were interpreted blinded from the ultrasound findings. We acknowledge that this 
study did not assess the effect of  both strategies on clinical management and subsequent 
consequences. To address this issue, a study is needed comparing the clinical outcomes of  
patients suspected of  having appendicitis randomized to diagnostic work-up according to 
either a conditional CT strategy or an immediate CT strategy. A final limitation of  our study is 
the fact we did not evaluate all other aspects that should be taken into account when choosing 
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the appropriate imaging strategy for suspected appendicitis. Our study merely illustrates the 
consequences of  both studied strategies on pure diagnostic accuracy. As previously stated, 
several other aspects such as radiation exposure play an important role as well.

Our study represents the first head-to-head comparison of  two frequently applied 
imaging strategies in adult patients with clinical suspicion of  acute appendicitis. This direct 
comparison avoids the introduced bias when two imaging modalities are compared among 
different populations. The appendicitis prevalence was 57 per cent, which falls within the 
range of  previously reported prevalence rates in other studies including patients who are 
clinically suspected of  having acute appendicitis.4;27 The prevalence of  the disease under study 
is known to influence the diagnostic performance of  a diagnostic test.4

When choosing the appropriate imaging strategy for suspected appendicitis, the advantage 
of  the conditional CT strategy (half  the number of  CTs needed) should be weighed against the 
potential clinical consequence of  the increase in false positive diagnoses.
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ABSTRACT
Background

Infectious complications occur frequently after major abdominal surgery and have a major 
influence on patient outcome and hospital costs. A marker that can rule out post-operative 
infectious complications (PIC) could aid patient selection for safe and early hospital discharge. 
C-reactive protein (CRP) is a widely available, fast and cheap marker that might be of  value 
in detecting PIC. Present meta-analysis evaluates the diagnostic value of  CRP to rule out PIC 
following major abdominal surgery, aiding patient selection for early discharge. 

Methods

A systematic literature search of  Medline, PubMed and Cochrane was performed identifying 
all prospective studies evaluating the diagnostic value of  CRP after abdominal surgery. Meta-
analysis was performed according to the PRISMA statement. 

Results

Twenty-two studies were included for qualitative analysis of  which 16 studies were eligible for 
meta-analysis, representing 2215 patients. Most studies analysed the value of  CRP in colorectal 
surgery (eight studies). The pooled negative predictive value (NPV) improved each day after 
surgery up to 90 per cent at POD3 for a pooled CRP cut-off of  159 mg/L (range 92-200). 
Maximum predictive values for PIC’s were reached on POD5 for a pooled CRP cut-off of  114 
mg/L (range 48-150): a pooled sensitivity of  86 per cent (95 per cent confidence interval (CI) 
79 to 91), specificity of  86 per cent (95 per cent CI 75 to 92) and a positive predictive value of  
64 per cent (95 per cent CI 49 to 77). The pooled sensitivity and specificity were significantly 
higher on POD5 than on other post-operative days (p<0.001). 

Conclusion

Infectious complications after major abdominal surgery are very unlikely in patients with a 
CRP below 159 mg/L on POD3. This can aid patient selection for safe and early hospital 
discharge and prevent overuse of  imaging. 
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INTRODUCTION
Post-operative infectious complications (PIC) occur frequently after major abdominal surgery. 
Post-operative infectious complications have a major influence on patient outcomes and hospital 
costs.1-8 A timely diagnosis of  infectious complications is associated with a lower morbidity 
and mortality rate.7,9 However, early clinical features of  post-operative infections are often 
non-specific and difficult to distinguish from the normal post-operative inflammatory response 
related to surgical trauma.9 The median time to diagnosis of  infectious complications has been 
reported up to 12 days after surgery, with commonly several days of  delay in retrospect.8 

A biological marker that can predict infectious complications before clinical signs and 
symptoms develop could be of  clinical value. The value of  such a marker is two-sided; it 
could identify patients with a high probability of  infectious complications for early additional 
investigations, such as an abdominal CT scan or it could identify patients with a low probability 
of  infectious complications. 

C-reactive protein (CRP) is a biological marker that might be of  value in detecting 
infectious complications. CRP is a widely available, fast and cheap marker. CRP levels are 
known to increase in the post-operative period, because of  surgical tissue damage. CRP levels 
tend to normalize rapidly in patients with an uncomplicated post-operative course due to its 
short plasma half-life of  19 hours.10,11 

CRP has been extensively studied for its value in predicting PIC after major abdominal 
surgery.12-16 Several studies have concluded that CRP is a useful predictor of  PIC, but low 
positive predictive values have been reported7,16-23, making CRP a suboptimal marker 
for ruling in of  an infectious complication. A recent meta-analysis of  CRP after gastro-
oesophageal cancer surgery confirms that CRP values are insufficient to predict post-operative 
inflammatory conditions.24 

The value of  CRP to rule out the presence of  infectious complications has not yet been 
studied. In an era of  minimal invasive surgery and enhanced recovery programs, patients are 
often discharged early, possibly before clinical signs of  deterioration have become evident. A 
marker that accurately predicts the absence of  post-operative complications could aid patient 
selection for safe and early hospital discharge and prevent overuse of  imaging. 

The present systematic review and meta-analysis aims to determine the value of  CRP 
to rule out the presence of  infectious complications allowing for safe and early discharge of  
patients after major abdominal surgery. 
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METHODS

Search strategy 

Embase, Pubmed and the Cochrane library were searched up to the 26th of  January 2014. The 
search strategy consisted of  the MeSH terms and free text words indexed for CRP and major 
abdominal surgery. This review was performed according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) statement 

Study selection

Inclusion and exclusion criteria were set before the search. Articles were considered eligible 
if  the diagnostic accuracy of  CRP for PIC following abdominal or gastrointestinal surgery 
was assessed in a prospective study design. If  the following criteria were all met, articles were 
included: (1) CRP was evaluated in the post-operative setting, (2) CRP was evaluated after 
major abdominal or gastro-intestinal surgical procedures (including pancreatic, colorectal, 
hepatobiliary, esophageal and gastric surgery), (3) outcome of  interest was the association 
between CRP and PIC, and (4) the study design was prospective. Designs other than pro-
spective design were excluded to minimize the risk of  bias. Studies presenting insufficient data 
for extracting 2 x 2 contingency tables of  CRP versus PIC were also excluded. Original articles 
in English, French, German, Dutch or Spanish language were considered for inclusion. 

Two independent reviewers (SLG and JJA) screened the titles and abstracts of  all pa- 
pers identified by the search for eligibility. The full–text was obtained of  potentially eligible 
papers for further evaluation. Reference lists of  key articles and reviews were manually 
searched to identify additional articles. In case of  disagreement consensus was reached through 
discussion. The inclusion and exclusion of  articles was recorded in a PRISMA flow chart (Fig. 
1). Two reviewers independently extracted data from the included studies using a standardized 
form (SLG, JJA). 

Test outcome

CRP levels were compared for patients with and without PIC. PIC was defined as reported 
in the studies. If  provided, outcomes were registered for in-hospital stay and 30 day period. 
CRP data were recorded whenever mentioned in text, graphs or figures of  the article. Data 
regarding measures of  diagnostic accuracy such as sensitivity, specificity, positive predictive 
value, negative predictive value and area under the receiver-operating curve (AUC) were 
recorded as reported in the included articles. The cut-off value of  CRP with presumed highest 
discriminatory value was recorded. 
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Reference standard

The outcome of  interest was PIC. PICs were counted per event and defined as reported in the 
individual studies. The true disease status or reference standard, i.e. whether patients actually 
developed a PIC, could be determined in multiple ways. Follow up, surgery and radiological 
imaging were all accepted as reference standard for the diagnosis of  PIC. Duration of  clinical 
follow up was recorded. 

Study design, patient characteristics and quality

The following data were extracted from included studies: study period; department of  the 
first author; inclusion period; study design; country of  origin; patient characteristics such as 
number of  included patients, the mean or median age (and range), male to female ratio, time 
of  follow up, and the number of  true positives (TP), false positives (FP), false negatives (FN) and 
true negatives (TN). The methodological quality of  the studies was assessed using the Quality 
Assessment of  Diagnostic Accuracy Studies 2 (QUADAS-2) tool.25,26 2 x 2 contingency tables 
were extracted or reconstructed for CRP versus PIC for every included study. 

Meta-analysis

Meta-analysis was performed with studies that provided sufficient quantitative data to calculate 
a contingency table for a specified cut-off value of  CRP at a specified postoperative day 
(POD). A non-linear mixed model was used to obtain summary estimates of  sensitivity and 
specificity with 95 per cent confidence intervals (CI).27 To compare sensitivity and specificity 
for each POD we used the Wald test for unpaired data. Pooled likelihood ratios (LR), positive 
predictive values (PPV) and negative predictive values (NPV) were calculated for each POD 
using the pooled sensitivity and specificity. The geometric mean with 95 per cent CI was used 
to calculate the pooled CRP value per POD to compare patients with and without PIC.

The pooled cut off value was calculated using the cut off values provided in the individual 
studies per POD weighted by their sample size. The pooled area under the curve was calculated 
using the individual AUC’s weighted by their sample size. The pooled incidence of  PIC was 
calculated using the incidence of  the individual studies weighted by their sample size. The 
pooled incidence was not necessarily the same for each POD, because for each POD different 
studies were available for pooled analyses

The pre-test probability of  developing a PIC can be thought of  as the probability that 
a patient will develop a PIC based on bedside evaluation. The post-test probability is the 
probability that a patient will develop a PIC based on both bedside evaluation and the CRP 
value. The post-test odds were calculated by multiplying the pre-test odds with the positive 
and negative likelihood ratio. Post-test probabilities for a high and a low CRP were calculated 



136

Chapter 6

and presented in a graph for pre-test probabilities across the range of  0 to 100 per cent. The 
underlying assumption of  this graph is that the positive and negative LR’s were constant across 
all pre-test probabilities. Using the pooled incidence, representing an average patient, as the 
pre-test probability resulted in post-test probabilities for a positive and negative index test. This 
incidence can differ across PODs, depending on the studies available for pooled analysis for 
each POD.

All statistical analyses were performed using SPSS (version 20.0, IBM, Armonk, New 
York, USA) and SAS (version 9.3, SAS institute Inc., Cary North Carolina). P values of  < 0.05 
were considered to indicate statistical significance.

RESULTS

The search identified 3440 articles after excluding duplicate articles. Articles not meeting the 
inclusion criteria based on assessment of  the title and abstract (3388) were excluded. Full text 
of  the potentially eligible 52 articles was retrieved for detailed examination. Inclusion criteria 
were not met in 30 studies. Most of  the excluded studies either had a retrospective design or 
assessed the value of  CRP in settings other than major abdominal surgery.3,10,14,17-19,21,28-38 The 
remaining 22 studies were included for qualitative analysis of  which 16 studies could also be 
used for meta-analysis (Fig. 1). 

Study and patient characteristics 

The included articles were published between 1997 and 2013 (Table 1). CRP levels of  2215 
patients were examined for their value in predicting PIC in patients undergoing major 
abdominal surgery. Post-operative follow up duration varied from 7 days up to 60 days post-
operative. Further study characteristics are summarized in Table 1. Most studies analysed 
the value of  CRP in colorectal surgery (eight studies), gastrectomy (three studies) and 
oesophagectomy (three studies). 

Quality of included studies/risk of bias

The quality of  the included studies was fairly good (Appendix 1 and 2). All studies had a 
representative spectrum of  patients and used an acceptable reference standard. The time 
between index and reference test was acceptable in all studies. The preferred reference standard 
differed across studies. In most studies only patients with elevated values of  inflammatory 
markers or a clinical suspicion of  complications underwent imaging as diagnostic reference 
standard (partial verification). The preferred reference test differed between patients with a 
positive index test (e.g., patients with elevated inflammatory markers) and negative index test. 
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The preferred reference standard in patients with a positive index test was diagnostic imaging 
(predominantly computed tomography or conventional radiography with water-soluble 
contrast), whereas in patients with a negative index test clinical follow up was the reference 
standard (differential verification). Only one study avoided partial and differential verification 
by performing imaging in all patients.1 In only one study incorporation of  the index test in 
the reference test was avoided.33 None of  the studies blinded the outcome assessors for the 
reference standard. In only one study the index test results were blinded.33 All studies provided 
information on uninterpretable results except for one study.22 One study failed to provide 

Articles excluded based on 
full-text
(n = 30)

No abdominal surgery = 5
Retrospective design = 14

Other = 11

Studies included in 
quantitative synthesis 

(meta-analysis) 
(n = 16)

Studies included in 
qualitative synthesis

(n = 22)

Full-text articles assessed 
for eligibility

(n = 52)

Records excluded
(n = 3388)

Records screened
(n = 3440)

Records identified through
database searching

(n = 4576)

Pubmed 2268
Embase 2297
Cochrane 11

Duplicates
(n = 1136)

Figure 1 Flowchart depicting study selection
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Table 1 Characteristics of included studies

Reference

Inclusion 

period N Type of surgery

Follow up 

duration Age Female sex (%) Primary outcomes

Aguilar-Nascimento, Brasil 2004-2005 32 Major gastro intestinal surgery with at least one 

anastomosis

NS 49 (range 18–72) 14(46%) Infectious morbidity 

Albanopoulos, Greece 2008-2011 177 Laparoscopic sleeve gastrectomy 30 days 38.1 (range 18–61) 102(58%) Post-operative complications within 

30 days

Dutta, UK 2005-2009 136 Esophagogastric cancer resections 7 days (age<65,65–75,>75) 

No complications: 37/25/7

Infectious complications: 

26/21/7

Non-infectious 

complications: 6/6/1

37(27%) Post-operative complications

Garcia-Granero, Spain 2008-2010 205 Elective colorectal surgery with primary 

intestinal anastomosis

60 days after 

discharge

63.3 SD(15.5) 93(45,4%) Complications

Guirao, Spain 2007-2009 208 Open or laparoscopic colorectal surgery 30 days 68.3 SD (11.4) 82(39.4%) Organ space infection

Lagoutte*, France 2010-2011 100 Elective colonic or rectal

surgery with immediate restoration of intestinal 

continuity

30 days after 

surgery

64 (range 20-87) 42(42%) Complications

Mackay, UK 2003-2006 150 Elective colorectal surgery 30 days 72 (IQR 63-79) 78(52%) Infective complications

Matsuda, Japan 2006-2007 41 Elective colorectal surgery 30 days Uninfected 69.5±2.0

Infected 69.7±2.7

Uninfected:15(52%)

Infected:1(8.3%)

Post-operative infections

Matthiessen*, Sweden 2002-2003 33 Anterior resection for rectal carcinoma NS 68 (range 38-80) 11(33%) Anastomotic leakage

Oberhofer, Croatia 2009 79 Elective colorectal surgery NS Complications 65,7

No complications 79.8

29 (37%) Complications

Ortega-Deballon, France 2007-2008 133 Elective colorectal surgery 6 weeks 65 ± 16 48 (36%) Septic complications (incl leaks, wound 

infections, central line infection, 

urinary tract infection, pneumonia)

Platt, UK 1997-2007 454 Curative resection for colorectal cancer 7 days (Age <65, 65–75, >75)

No complications: 

120/99/115

Infective complications : 

30/41/33

Non infective 

complications : 1/8/7

275 (61%) Complications (infective and non- 

infective)

Ramanathan*, UK NS 357 Curative surgery for colorectal cancer 30 days (<65/65–74/>74 years)

99/113/145 (28/32/40%)

169 (47%) Infective complications

Reith*, Germany NS 70 Aortal surgery (n=35)

Colorectal surgery (n=35)

10 days NS NS Complications

Scepanovic , Serbia and 

Montenegro

2010-2012 156 Elective abdominal surgery with primary 

anastomosis

30 days 65 (28-86) 67 (42.9%) Post-operative complications 

(infectious and non-infectious)
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Table 1 Characteristics of included studies

Reference

Inclusion 

period N Type of surgery

Follow up 

duration Age Female sex (%) Primary outcomes

Aguilar-Nascimento, Brasil 2004-2005 32 Major gastro intestinal surgery with at least one 

anastomosis

NS 49 (range 18–72) 14(46%) Infectious morbidity 

Albanopoulos, Greece 2008-2011 177 Laparoscopic sleeve gastrectomy 30 days 38.1 (range 18–61) 102(58%) Post-operative complications within 

30 days

Dutta, UK 2005-2009 136 Esophagogastric cancer resections 7 days (age<65,65–75,>75) 

No complications: 37/25/7

Infectious complications: 

26/21/7

Non-infectious 

complications: 6/6/1

37(27%) Post-operative complications

Garcia-Granero, Spain 2008-2010 205 Elective colorectal surgery with primary 

intestinal anastomosis

60 days after 

discharge

63.3 SD(15.5) 93(45,4%) Complications

Guirao, Spain 2007-2009 208 Open or laparoscopic colorectal surgery 30 days 68.3 SD (11.4) 82(39.4%) Organ space infection

Lagoutte*, France 2010-2011 100 Elective colonic or rectal

surgery with immediate restoration of intestinal 

continuity

30 days after 

surgery

64 (range 20-87) 42(42%) Complications

Mackay, UK 2003-2006 150 Elective colorectal surgery 30 days 72 (IQR 63-79) 78(52%) Infective complications

Matsuda, Japan 2006-2007 41 Elective colorectal surgery 30 days Uninfected 69.5±2.0

Infected 69.7±2.7

Uninfected:15(52%)

Infected:1(8.3%)

Post-operative infections

Matthiessen*, Sweden 2002-2003 33 Anterior resection for rectal carcinoma NS 68 (range 38-80) 11(33%) Anastomotic leakage

Oberhofer, Croatia 2009 79 Elective colorectal surgery NS Complications 65,7

No complications 79.8

29 (37%) Complications

Ortega-Deballon, France 2007-2008 133 Elective colorectal surgery 6 weeks 65 ± 16 48 (36%) Septic complications (incl leaks, wound 

infections, central line infection, 

urinary tract infection, pneumonia)

Platt, UK 1997-2007 454 Curative resection for colorectal cancer 7 days (Age <65, 65–75, >75)

No complications: 

120/99/115

Infective complications : 

30/41/33

Non infective 

complications : 1/8/7

275 (61%) Complications (infective and non- 

infective)

Ramanathan*, UK NS 357 Curative surgery for colorectal cancer 30 days (<65/65–74/>74 years)

99/113/145 (28/32/40%)

169 (47%) Infective complications

Reith*, Germany NS 70 Aortal surgery (n=35)

Colorectal surgery (n=35)

10 days NS NS Complications

Scepanovic , Serbia and 

Montenegro

2010-2012 156 Elective abdominal surgery with primary 

anastomosis

30 days 65 (28-86) 67 (42.9%) Post-operative complications 

(infectious and non-infectious)
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information on withdrawals.39

Overall the risk of  bias in the studies is low due to the nature of  the index test (CRP). 
The outcome of  the index test was independent of  the reference standard. In all studies CRP 
measurement was performed in a standardized manner for study purposes and independent 
of  clinical suspicion of  infection, nor was clinical suspicion of  infection documented. 

Predictive value of CRP for infectious complications

The incidence of  PIC ranged from 5 to 60 per cent across studies. The average incidence was 
27 per cent (95 per cent CI 26 to 29). 

The cut-off level for CRP, that was used to calculate sensitivity, specificity, NPV and PPV, 
varied across studies from 48mg/L to 200mg/L. In most studies CRP levels were significantly 
higher in patients with infectious complications compared to patients without complications. 
This difference increased each POD (Table 2). 

Four studies provided sufficient data for meta-analysis on POD 1, nine studies provided 
data for POD 3 and six studies provided data for POD 2, POD 4, and POD 5. Values of  
sensitivity and specificity of  the individual studies are plotted for each POD in figure 2a-e. 
Sensitivity and specificity increased up to POD 3. The pooled AUC ranged from 0.72 on 

Reference

Inclusion 

period N Type of surgery

Follow up 

duration Age Female sex (%) Primary outcomes

Shimizu, Japan 1997-1999 112 Gastrointestinal surgery 4 weeks Non-infected: 60  ±  2

Minor infected: 68  ±   2

Severely infected: 68 ±  4

65 (58%) Infectious complications

Siassi*, Germany 2000-2001 172 Major elective surgery

for malignant disease of the gastrointestinal tract

NS 62.3 (25–83) 116 (67%) Post-operative complications

Takakura, Japan 2010-2011 114 Colonic surgery NS Non-complicated:65(32-92)

Complicated:61 (42-82) 

median, range

Non-

complicated:33(85%)

Complicated:6 (15%) 

SSI (superficial and deep)

Van Genderen, The 

Netherlands

2007-2008 63 Elective esophagectomy

with gastric tube reconstruction

10 days after 

surgery

61 ± 8.9 18 (29%) Complications

Veeramootoo*, UK 2004-2006 50 Minimally invasive esophagectomy NS 67 (47–81) 5 (10%) Complications

Welsch, Germany 2002-2005 688 Pancreatic resections with pancreatico-

jejunostomy for neoplasms and chronic 

pancreatitis

12 days NS NS Inflammatory postoperative 

complications

Welsch, Germany 2001-2005 96 Rectal

resections with sphincter preserving primary 

anastomosis

12 days Complicated: 65.0 

(59.7–75.5)

No complications: 66.8 

(61.1–71.8)

28 (29%) Infectious postoperative 

complications

* Studies not included in meta-analysis, NS = not specified

Table 1 Continued
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Reference

Inclusion 

period N Type of surgery

Follow up 

duration Age Female sex (%) Primary outcomes

Shimizu, Japan 1997-1999 112 Gastrointestinal surgery 4 weeks Non-infected: 60  ±  2

Minor infected: 68  ±   2

Severely infected: 68 ±  4

65 (58%) Infectious complications

Siassi*, Germany 2000-2001 172 Major elective surgery

for malignant disease of the gastrointestinal tract

NS 62.3 (25–83) 116 (67%) Post-operative complications

Takakura, Japan 2010-2011 114 Colonic surgery NS Non-complicated:65(32-92)

Complicated:61 (42-82) 

median, range

Non-

complicated:33(85%)

Complicated:6 (15%) 

SSI (superficial and deep)

Van Genderen, The 

Netherlands

2007-2008 63 Elective esophagectomy

with gastric tube reconstruction

10 days after 

surgery

61 ± 8.9 18 (29%) Complications

Veeramootoo*, UK 2004-2006 50 Minimally invasive esophagectomy NS 67 (47–81) 5 (10%) Complications

Welsch, Germany 2002-2005 688 Pancreatic resections with pancreatico-

jejunostomy for neoplasms and chronic 

pancreatitis

12 days NS NS Inflammatory postoperative 

complications

Welsch, Germany 2001-2005 96 Rectal

resections with sphincter preserving primary 

anastomosis

12 days Complicated: 65.0 

(59.7–75.5)

No complications: 66.8 

(61.1–71.8)

28 (29%) Infectious postoperative 

complications

* Studies not included in meta-analysis, NS = not specified

POD 2 to 0.87 on POD 3 and 0.83 on POD5. Up to POD 2 the pooled cut-off value of  CRP 
increased. From POD 3 onwards the pooled cut-off value decreased (Table 3). The pooled cut-
off value for the CRP was 190mg/L (range 140-240) on POD2, 159 mg/L (range 92-200) on 
POD3, and 114mg/L (range 48-150) on POD 5. 

Pooled diagnostic accuracy variables are listed in Table 3. The pooled sensitivity and 
specificity increased per POD. The lowest pooled sensitivity and specificity was reached on 
POD 1 (60 per cent; 95 per cent CI 47 to 71, and 60 per cent; 95 per cent CI 43-75%, 
respectively). Pooled sensitivity and specificity was highest on POD 5, 86 per cent (95 per cent 

Table 2 Mean CRP levels per POD in relation to complications

POD

Number of  studies 

(n=patients)

Mean CRP level (95%CI)

Complicated (infectious)

Mean CRP level (95%CI)

Uncomplicated

1 5 (n=593) 122 (52-288) 67 (36-123)

2 5 (n=641) 195 (91-420) 146 (65-329)

3 5 (n=593) 190 (125-289) 98 (50-195)

4 2 (n=338) 170 (165-174) 95 (78-116)

5 5 (n=663) 188 (71-497) 62 (28-139)
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CI 79 to 91) and 86 per cent (95 per cent CI 75 to 92), and was significantly higher on POD 
5 compared to all other post-operative days (p<0.001). Using the pooled cut-off values would 
lead to 23 per cent of  missed cases (1-sensitivity) of  PIC on POD 3, 20 per cent on POD 4, 
and 14 per cent on POD5. 

The pooled NPV increased each day after surgery at a decreasing cut-off of  the CRP 
values (Table 3). The NPV ranged from 82 per cent (95 per cent CI 68 to 90) on POD1 to 92 
per cent (95 per cent CI 85 to 96) on POD5. The pooled PPV was low ranging from 41 per 
cent (95 per cent CI 27 to 56) on POD 1to 64 per cent (95 per cent CI 49 to 77) on POD 5. 

The negative likelihood ratio (LR-) decreased each POD. The highest LR- was 0.67 
(95 per cent CI 0.33 to 1.02) on POD 1 and the lowest LR- was 0.17 (95 per cent CI 0.09 to 
0.25) on POD 5. The positive likelihood ratio (LR+) of  CRP increased each POD. The lowest 
pooled LR+ was 1.48 (95 per cent CI 0.66 to 2.30) on POD 1 and the highest LR+ was 6.07 
(95 per cent CI 2.26 to 9.89) on POD 5. 

Fig. 3 presents the (post-test) probability of  a PIC for a patient with a high CRP and a 
low CRP on POD 3 (panel A) and POD 5 (panel B). The cut-off value between a low and a 
high CRP was 159 mg/L on POD 3 and 114 mg/L on POD 5. The post-test probability of  
a PIC in an average patient with a high CRP on POD 3 was 61 per cent , versus 12 per cent 
in an average patient with a low CRP. On POD 5 an average patient with a high CRP had a 
post-test probability of  55 per cent, versus 3 per cent in an average patient with a low CRP.

Table 3 Pooled diagnostic accuracy of included studies

POD Number 

of studies 

(n=patients)

Pooled incidence 

PIC Pooled AUC

Pooled CRP cut-

off (range)

Pooled 

sensitivity

(95% CI)

Pooled specificity

(95% CI)

Pooled PPV

(95% CI)

Pooled NPV 

(95% CI)

Pooled LR+

(95% CI)

Pooled LR-

(95% CI)

1 4 (n=546) 18% 0.73 157 (109-187) 60% (47-71%) 60% (43-75%) 41% (27-56%) 82% (68-90%) 1.48 (0.66-2.30) 0.67 (0.33-1.02)

2 6 (n=881)* 24% 0.72 190 (140-240) 66% (54-76%) 66% (50-79%) 45% (31-60%) 84% (72-91%) 1.95 (0.87-3.03) 0.51 (0.27-0.76)

3 9 (n=1567) 32% 0.87  159 (92-200) 77% (68-84%) 77% (64-87%) 57% (43-71%) 90% (81-95%) 3.41 (1.43-5.39) 0.29 (0.16-0.43)

4 6 (n=894) 33% 0.82  132 (101-180) 80% (71-86%) 80% (67-88%) 60% (45-73%) 91% (83-95%) 3.93 (1.58-6.28) 0.26 (0.13-0.38)

5 6 (n=1104)* 17% 0.83  114 (48-150) 86% (79-91%) 86% (75-92%) 64% (49-77%) 92% (85-96%) 6.07 (2.26-9.89) 0.17 (0.09-0.25)

* One study analysed patients in 2 groups, laparoscopic vs open. Patients of the 2 groups were included 

separately in the analysis (as reported in the study). POD= post-operative day, AUC=area under the receiver 

operating curve, PPV= positive predictive value, NPV= negative predictive value, LR+= positive likelihood ratio, 

LR-= negative likelihood ratio   
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Table 3 Pooled diagnostic accuracy of included studies

POD Number 

of studies 

(n=patients)

Pooled incidence 

PIC Pooled AUC

Pooled CRP cut-

off (range)

Pooled 

sensitivity

(95% CI)

Pooled specificity

(95% CI)

Pooled PPV

(95% CI)

Pooled NPV 

(95% CI)

Pooled LR+

(95% CI)

Pooled LR-

(95% CI)

1 4 (n=546) 18% 0.73 157 (109-187) 60% (47-71%) 60% (43-75%) 41% (27-56%) 82% (68-90%) 1.48 (0.66-2.30) 0.67 (0.33-1.02)

2 6 (n=881)* 24% 0.72 190 (140-240) 66% (54-76%) 66% (50-79%) 45% (31-60%) 84% (72-91%) 1.95 (0.87-3.03) 0.51 (0.27-0.76)

3 9 (n=1567) 32% 0.87  159 (92-200) 77% (68-84%) 77% (64-87%) 57% (43-71%) 90% (81-95%) 3.41 (1.43-5.39) 0.29 (0.16-0.43)

4 6 (n=894) 33% 0.82  132 (101-180) 80% (71-86%) 80% (67-88%) 60% (45-73%) 91% (83-95%) 3.93 (1.58-6.28) 0.26 (0.13-0.38)

5 6 (n=1104)* 17% 0.83  114 (48-150) 86% (79-91%) 86% (75-92%) 64% (49-77%) 92% (85-96%) 6.07 (2.26-9.89) 0.17 (0.09-0.25)

* One study analysed patients in 2 groups, laparoscopic vs open. Patients of the 2 groups were included 

separately in the analysis (as reported in the study). POD= post-operative day, AUC=area under the receiver 

operating curve, PPV= positive predictive value, NPV= negative predictive value, LR+= positive likelihood ratio, 

LR-= negative likelihood ratio   

Figure 2 Bubble plot of sensitivity and specificity of the individual studies including the pooled 
values. a On postoperative day 1. Pooled AUC=0.73. b On postoperative day 2. Pooled AUC=0.72. 
c On postoperative day 3. Pooled AUC=0.87. d On postoperative day 4. Pooled AUC=0.82. e On 
postoperative day 5. Pooled AUC=0.83
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Figure 3a The (post-test) probability of a PIC is presented for a patient with a high CRP and a low 
CRP on POD 3 (panel A) and POD 5 (panel B). The cut-off value between a low and a high CRP was 
159 mg/L on POD 3 and 114 mg/L on POD 5. The arrows show that the post-test probability of a 
PIC for an average patient (incidence of PIC 32%) with a high CRP on POD 3 was 61%, versus 12% 
in an average patient with a low CRP.  The length of the arrows represents the absolute change in 
probability of a PIC in case of a high or low CRP. On POD 5 an average patient (incidence of PIC 
16%) with a high CRP had a post-test probability of 55%, versus 3% in an average patient with a 
low CRP. The black diagonal line at 45 degrees with the x-axis represents the line of a hypothetical 
non-informative test in which the pre-test and post-test probabilities are equal. The post-test 
probability of a PIC can be read from the two panels for any pre-test probability (i.e. based on 
bedside evaluation) and CRP value. Pre-test probability (incidence)= 0.32, Post-test + probability= 
CRP >159mg/L = 0.61 and post-test – probability= CRP <159mg/L = 0.12.  
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DISCUSSION
The objective of  this meta-analysis was to evaluate the value of  CRP to rule out postoperative 
infectious complications after abdominal and gastro-intestinal surgery. In the era of  fast track 
surgery where patients are discharged early after surgery and mostly within the first five 
postoperative days, there is a need for a reliable, inexpensive and widely available marker that 
permits safe and early discharge of  patients. A marker reliable enough to rule out the presence 
of  infectious complications would have a high NPV and a low negative LR. The NPV of  
CRP is higher than 90 per cent from day 3 onwards. This suggests that patients with a CRP 
below 159 mg/L on POD 3 have a low probability of  developing a PIC and could safely be 
discharged early. 

A recent meta-analysis that focused on the diagnostic value for the presence of  
anastomotic leakage also found a high NPV justifying early discharge of  patients after 
colorectal surgery.40 However, this meta-analysis is limited by the methodological design of  
the included studies. The majority of  included studies have a retrospective design resulting in 
significant heterogeneity. A retrospective study design leads to selective measurement of  CRP 
in patients who are clinically suspected of  having infectious complications (incorporation bias), 
which may lead to an overestimation of  diagnostic accuracy. 
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Figure 3b Post-test probability as a function of pre-test probability for the positive and negative 
likelihood ratio on POD 5
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In many European centres, CRP is used in daily practice in combination with clinical 
judgment based on history and physical examination. Combining CRP with clinical judgment 
might increase the (negative) predictive value of  CRP even more. Bedside evaluation during 
the post-operative course broadly classifies patients into three categories. Firstly, there is a 
group of  patients without a clinical suspicion of  infectious complications and thus a very 
low pre-test probability. In these patients even an elevated CRP value on POD 5 may not 
increase the post-test probability enough to warrant a change in management (e.g., imaging 
or antibiotics). CRP is of  limited value for these patients. The second group includes patients 
in whom the suspicion of  infectious complications based on clinical evaluation is very high. 
In these patients the (post-test) probability will remain sufficiently high, even for a low CRP 
value, to justify a change in management. CRP again has limited value in decision making for 
these patients.  Finally, predominantly in patients with an intermediate pre-test probability 
of  infectious complications CRP values are most likely to determine the need for a change in 
management. For high CRP values the (post-test) probability of  an infectious complication 
might be sufficiently high to justify a change in management, while a low CRP value might 
justify no change in management. Figure 5 can be used as a decision aid, in which the physician 
still needs to determine the (post-test) probability of  a PIC above which he or she feels that a 
change in management is warranted. 

Studies have also demonstrated that CRP values initially increase post-operatively and 
then tend to normalize in patients without infectious complications around POD 3.40 Other 
studies have confirmed this suggestion.1,16,23,28,41,42 The results of  the present meta-analysis 
confirm these results demonstrating that average values of  CRP differ between patients with 
and without infectious complications. These findings suggest that prolonged elevated CRP 
values are predictive of  infectious complications. CRP might be clinically useful to aid selection 
of  patients for additional imaging. In this review the highest PPV of  CRP was 64 per cent on 
POD 5. This PPV would lead to a false positive diagnosis in 36 per cent of  patients, resulting 
in unnecessary additional imaging in these patients. 

Diagnostic test research can be subject to several limitations. Firstly, knowledge of  the 
CRP value might influence the interpretation of  the reference test. For example, the same 
intra-abdominal fluid collection on a CT scan may be classified as abscess if  the CRP is high, 
but as ascites if  the CRP is low. Only in one study blinding for the outcomes of  CRP value 
was used when determining the presence or absence of  PIC.33 Another difficulty in diagnostic 
test research is the heterogeneity across studies for the selected optimal CRP cut-off value. 
The optimal cut-off value is selected by the authors of  the individual studies at the level at 
which they feel patients with and without infectious complications are best distinguished. 
At a higher cut-off value for the CRP the sensitivity is higher, but the specificity lower. To 
prevent bias ideally the analysis should have been performed using the same cut-off value of  
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the CRP in each study. Unfortunately, insufficient data was reported to use a single optimal 
cut-off value of  the CRP. Pooling study results even with small differences in the cut-off value 
has inevitably biased the results. Diagnostic test results can also be influenced by variation in 
timing of  the reference test: for example, whether a CT scan to detect an intra-abdominal 
abscess was performed early or late during follow-up. Another limitation is the difference in the 
definition of  infectious complications between studies. This might influence the incidence of  
infectious complications. We aimed to minimize the risk of  bias by including studies that used 
radiological and/or clinical evidence to define infectious complications. Finally, the pooled 
analysis included patients who underwent different types of  surgery. A bias may have been 
introduced because the prognostic value of  CRP may depend on the type of  surgery. It has 
been demonstrated that the post-operative increase in CRP is dependent on the extent of  
operative trauma. Different types of  surgery could lead to different absolute values of  CRP. 
Nevertheless this discrepancy between types of  abdominal surgery can only exist in the first 
2 days due to the short half-life of  CRP (19 hours). The trend where CRP values tend to 
normalize in patients without infectious complications around POD 3 has been demonstra-
ted for various types of  surgery.1,16,23,28,41,42 The major advantage of  combining different types 
of  abdominal surgery is that a much larger sample size was reached resulting in more pre- 
cise estimates. 

This meta-analysis evaluated the value of  CRP as a predictor to rule out infectious 
complications. However, when CRP is combined with bedside clinical evaluation, as used in 
daily practice, the negative predictive value of  CRP might further increase as illustrated in 
Fig. 5. In the literature no studies were found that assessed the added value of  CRP on top of  
bedside judgment. Future studies should aim to determine this added value of  CRP. These 
studies should also evaluate the diagnostic value of  the change in CRP in the postoperative 
period instead of  focusing on the absolute value. The change in CRP (e.g., between POD 2 
and 5) may be a stronger predictor than the absolute CRP value on POD 5. Also, the actual 
benefit of  early detection and management is assumed but needs to be determined more 
definitively. In conclusion CRP values seem clinically useful to aid patient selection for safe 
and early hospital discharge and prevent overuse of  imaging. 
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Representative sectrum?

Acceptable reference standers?

Acceptable delay between tests?

Partial verification avoided?

Differential verification avoided?

Incorporation avoided?

Reference standard results blinded?

Index test results blinded?

Relevant clinical information?

Uninterpretable results reported?

Withdrawals expained?

0% 25% 50% 75% 100%

Yes (high quality) Unclear No (low quality)

Appendix 2 Methodological quality across studies
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ABSTRACT 

Background

Timely and correct identification of  patients in need of  an intervention for ongoing abdominal 
sepsis after initial surgical management of  secondary peritonitis is vital but complex. Aim of  
this study was to externally validate a previously developed decision tool and to evaluate its 
potential to guide postoperative management. 

Method

Prospective observational cohort study including consecutive adult patients undergoing 
surgery for secondary peritonitis in a single university–based hospital. Assessments with 
use of  the decision tool, based on one intraoperative and five postoperative variables, were 
performed at least on the second and third postoperative day and when the patients’ clinical 
status deteriorated. Scores were compared to the clinical reference standard of  ongoing sepsis 
based on the clinical course or findings of  imaging or surgery. Additionally, the potential of  the 
decision tool to guide management in terms of  diagnostic imaging in three previously defined 
score-categories (low, intermediate and high) was evaluated.

Results

A total of  161 assessments were performed in 69 patients operated for secondary peritonitis. 
The majority of  cases of  secondary peritonitis (68 per cent) were caused by perforation of  the 
gastrointestinal tract. Postoperative ongoing sepsis occurred in 28 patients. The discriminative 
capacity of  the decision tool score was fair (AUC of  the ROC of  0.79). Performances on day 
2 (AUC 0.93; 95 per cent confidence interval (CI) 0.84 to 1.00) and day 3 (AUC 0.99; 95 per 
cent CI 0.95 to 1.00) were better than on day 4 to 10 (AUC 0.73; 95 per cent CI 0.62 to 0.85). 
Good calibration was observed (Hosmer-Lemeshow p=0.20). The incidence rate differed 
significantly between the three score categories (p<0.001). The negative predictive value of  
a decision tool score categorized as low probability of  ongoing sepsis was 89 per cent (95 per 
cent CI 82 to 94) and 65 per cent (95 per centCI 47 to 79) for an intermediate score. Diagnostic 
imaging was more frequently performed following an intermediate score than following scores 
categorized as ‘low’ (46 per cent versus 24 per cent; p<0.001).

Conclusion

In patients operated for secondary peritonitis, the decision tool score predicts with fair accuracy 
whether or not ongoing sepsis is present. In clinical practice a low score has a good negative 
predictive value for ongoing sepsis. 
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INTRODUCTION

Secondary peritonitis is caused by a breach in the integrity of  the gastrointestinal tract, either 
by perforation, infection, inflammation or ischaemia. Despite diversity in specific underlying 
diseases, management of  patients with secondary peritonitis is based on several general 
treatment principles.1 Achieving adequate source control is one of  the most important initial 
aspects, and for most patients this entails surgical intervention.2;3 After the initial surgical 
procedure, persisting or new-onset abdominal sepsis may necessitate reintervention in up to 
34 per cent of  patients.3;4 It has been well recognized that timely identification substantially 
contributes to improved survival. Planned reoperations were therefore historically performed 
to avoid delay in detection. However, during the last decades a more conservative ‘on-demand’ 
approach, with reoperations performed only in selected patients with clinical deterioration, 
has been shown to be superior in terms of  patient related outcomes and direct medical costs.4 

Essential to the on-demand strategy mentioned above is vigilant observation during the 
postoperative course with round-the-clock monitoring and decision-making.5 The decision to 
perform a re-intervention is not straightforward. No well-defined and objective criteria exist for 
something that we call ‘clinical assessment’ in daily practice. Available widely-used intensive 
care unit (ICU) scoring systems have limited value for the identification of  patients with 
ongoing infection after the initial emergency laparotomy.6 Although computed tomography 
(CT) is an important and useful diagnostic for abdominal sepsis, several drawbacks warrant 
selective usage. Indeed, CT necessitates transfer of  a potentially unstable patient from the 
ICU, the needed administration of  contrast agents may induce or aggravate renal injury, and 
CT entails concerns regarding cost-effectiveness of  unclear selection criteria for imaging.

In an attempt to improve postoperative management of  patients operated for secondary 
peritonitis, our study group previously developed and internally validated a prediction model.7 
The model included one intraoperative variable (extent of  the contamination during initial 
surgery) and five postoperative variables (heart rate, haemoglobin level, body temperature, 
defecation, and the need for administration of  inotropic agents) and predicted the probability 
of  ongoing sepsis from an infectious abdominal focus. The prediction model was subsequently 
translated into a decision tool to guide patient management in terms of  diagnostic imaging 
for three score-based categories. The aim of  the current study was to externally validate this 
decision tool in a new cohort of  patients with secondary peritonitis and to evaluate its potential 
to guide and improve postoperative management.
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METHODS

This manuscript was written according to the items for external validation of  a prediction 
model as proposed in the ‘Transparent reporting of  a multivariable prediction model for indi-
vidual prognosis or diagnosis (TRIPOD)’ statement.8 The ethical committee of  the Academic 
Medical Centre approved the study protocol and waived the need for informed consent. 

Study design and data collection

Consecutive adult patients (≥ 18 years of  age) undergoing emergency surgery (laparotomy 
or laparoscopy) for secondary peritonitis between January 2014 and March 2015 in a single 
centre were prospectively included. Secondary peritonitis was defined as an intra-abdominal 
infection, verified during surgery, caused by perforation or infection of  a visceral organ, 
ischemia or necrosis of  part of  the gastrointestinal tract, or a postoperative peritoneal infection 
due to an anastomotic leakage.4

Data on patient demographics, aetiology of  peritonitis (perforation, ischemia/necrosis 
or postoperative anastomotic leakage), severity of  peritonitis (preoperative APACHE II score 
and extent of  peritonitis during the index operation) and surgical details (surgical approach, 
whether or not source control was achieved and the employment of  a planned relaparotomy 
strategy) were collected. Furthermore, data on the postoperative course was collected including 
the use of  diagnostic imaging, number of  performed radiological and surgical interventions, 
length of  postoperative hospital stay, and in-hospital mortality.

Decision tool assessments

The development of  the decision tool has been described elsewhere.7 In short, the decision tool 
is composed of  six items; heart rate (≤90 bpm / >90 bpm), haemoglobin level (≤5.0 mmol/L 
/ >5.0 mmol/L), body temperature (≤35.5ᵒC or >39ᵒC / >35.5 and ≤39.0ᵒC), defecation (yes 
/ no), extent of  contamination found at the index operation (diffuse / local), and the need for 
administration of  inotropic agents (yes / no). With use of  a nomogram7, depicted in Appendix 
1, a probability score can be calculated. For each item points can be obtained with a maximum 
possible score of  60 points, with a higher score being associated with a higher probability of  
ongoing sepsis. Three separate categories were previously formulated during development; 
low probability (0-19 points), intermediate probability (20-40 points) and high probability 
(more than 40 points). Given the design of  the decision tool, patients can be evaluated with the 
decision tool more than once during a single postoperative period.

With use of  the decision tool a score was calculated for each patient (except early deaths 
after the index operation) on the second and third postoperative day (POD). Furthermore, a 
score was calculated on every postoperative day within a 10-day period after surgery when 
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the clinical status of  the patient deteriorated and/or led the treating physicians to consider 
performing diagnostic imaging or re-interventions. 

Outcomes

The diagnostic accuracy of  the decision tool was calculated by comparing the calculated score 
with the clinical reference outcome, i.e. ongoing sepsis from an abdominal focus (within 24 
hours after the decision tool assessment). Positives were patients who had positive findings 
of  an infectious abdominal focus at relaparotomy, relaparoscopy or diagnostic imaging. 
Patients who died from presumable ongoing sepsis within 24 hours of  the assessment were 
also considered positives. Negatives were patients with negative findings at reoperation or 
imaging, and patients with an uncomplicated postoperative course the first 24 hours following 
the decision tool assessment.

Secondary outcome was the potential of  the decision rule to improve patient management 
in terms of  selection for diagnostic imaging on suspicion of  an abdominal infectious focus, by 
comparing the number of  imaging studies as advised by the decision tool with the actual 
number of  performed imaging studies. 

Statistical analysis

If  a patient had an episode of  abdominal sepsis, all subsequent decision tool assessments were 
censored from the analyses of  diagnostic accuracy and impact on management. For every 
assessment using the decision tool, a predicted probability of  ongoing sepsis was calculated 
using the full original model.7 Subsequently, the full model was updated by re-calibrating the 
intercept.9 The discriminative capacity of  the updated model was evaluated by calculating the 
area under the receiving operator characteristics (ROC) curve (AUC) with corresponding 95 
per cent confidence intervals (CI). In a ROC curve the diagnostic accuracy of  a test is depicted 
by plotting the sensitivity against 1 – specificity. A perfect diagnostic test with 100 per cent 
sensitivity and 100 per cent specificity will have its coordinates in the upper left corner resulting 
in an AUC of  1. Calibration of  the updated model was assessed with use of  the Hosmer-
Lemeshow (H-L) goodness-of-fit test. With this test, assessments were grouped by decile of  
predicted probability of  ongoing sepsis, and the expected number of  cases (ongoing sepsis) 
was compared with the observed number in the ten groups with a Chi2 test. A p value > 0.05 
indicates good performance.

The calculated scores using the decision tool were categorized into one of  the three 
predefined original categories (‘low’, ‘intermediate’ and ‘high’). For the ‘low’ and ‘intermediate’ 
categories, the negative predictive value (NPV) was evaluated by calculating the probability 
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of  not having ongoing sepsis associated with a score classified as ‘low’ and ‘intermediate’, 
respectively. For the scores in the ‘high’ category, the probability of  ongoing sepsis was 
calculated (i.e. positive predictive value or PPV).

Normally distributed data were expressed as mean (standard deviation or SD), non-
normally disturbed data as median (interquartile range or IQR). All statistical analyses were 
performed with SPSS® software version 20.0 (IBM, Armonk, New York). P values of  less than 
0.05 were considered to indicate statistical significance.

RESULTS

A total of  72 adult patients with intraoperatively proven secondary peritonitis underwent 
surgical intervention during the study period. Three patients died shortly after the index 
operation (within 24 hours) and were thus excluded from analysis. The remaining 69 patients 
were included (Table 1). The median age of  the included patients was 56 years (IQR 36-65), 
49 per cent were men, and the median Acute Physiology and Chronic Health Evaluation 
(APACHE) II score was 11 (IQR 5-13). The most common cause of  peritonitis was perforation 
of  a visceral organ (68 per cent) followed by ischemia or necrosis of  part of  the gastrointestinal 
tract (17 per cent). A laparoscopic procedure was performed in more than half  of  all patients 
(36 of  69; 52 per cent). Thirteen of  the included patients died postoperatively, resulting in an 
in-hospital mortality of  15 per cent (10 of  69), 18 per cent when including the early deaths 
(13 of  72). The median length of  postoperative hospital stay of  the surviving patients was 13 
days (IQR 6-22).

Outcomes

An abdominal focus for ongoing sepsis was diagnosed 32 times in 28 of  69 patients, with 
4 patients having two separate episodes of  ongoing abdominal sepsis. With respect to the 
reference standard: the majority of  these episodes of  abdominal sepsis were diagnosed on 
imaging studies (21 of  32; 66 per cent), four episodes were diagnosed on imaging studies 
with subsequent positive findings at reoperation (4 of  32; 13 per cent), three episodes were 
confirmed intraoperatively without previous imaging (3 of  32; 9 per cent), and four patients 
died within a 10-day period after surgery from presumable ongoing abdominal sepsis (4 of  32; 
13 per cent). 

A total of  53 diagnostic imaging studies were performed in 37 of  69 patients postoperatively 
(47 CT-scans, 5 ultrasounds and 1 MRI), with a median number of  1 imaging study per 
included patient (range 0-4 imaging studies). Positive findings on imaging suggestive of  an 
abdominal focus for ongoing sepsis were found in 25 of  the 53 imaging studies (47 per cent) 
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and in 22 of  69 patients. Eighteen patients underwent 21 percutaneous interventions. Eleven 
reoperations were performed in ten of  69 patients. Four of  these reoperations concerned 
planned relaparotomies; all performed as second look operation for intestinal ischemia, with 
positive findings in one. The 7 other reoperations were performed in 6 patients and were 
indicated by the suspicion of  ongoing abdominal sepsis with a previous CT in 4 patients; all 7 
relaparotomies with positive findings. 

Table 1 Patient characteristics and clinical outcomes (n=69)

Age, median (IQR), years 56 (36-65)

Male sex, No. (%) 34 (49)

APACHE-II score, median (IQR) 11 (5-13)

Aetiology of peritonitis, No. (%)

Perforation 47 (68)

Ischemia 12 (17)

Anastomotic leakage 9 (13)

Other 1 (1)

Type of surgical approach, No. (%)

Laparotomy 33 (48)

Laparoscopy 36 (52)

Extend of peritonitis at index operation, No. (%)

Local 50 (73)

Diffuse 19 (28)

Postoperative diagnostic imaging, No. of studies (range per patient) 53 (0-4)

Percutaneous drainage, No. of procedures (range per patient) 21 (0-2)

Reoperation, No. of procedures (range per patient) 11 (0-2)

Length of postoperative hospital stay, median (IQR), days 13 (6-22)

In-hospital mortality†, % 10 (14)

† Excluding early postoperative deaths (within 24 hours)

Table 2 Decision tool assessments 

Total number of assessments 161

Number of assessment per patient, median (IQR) 2 (1-2)

Decision tool score, median (IQR), points 10 (6-19)

Decision tool score categories, No. (%)

Low (0-19 points) 121 (75)

Intermediate (20-40 points) 37 (23)

High (41-60 points) 3 (2)
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Figure 1 Receiver operating characteristics (ROC) curve showing the sensitivity plotted against 
1-specificyt of the decision tool score in present cohort of patients operated for secondary 
peritonitis. The area under this ROC curve was 0.79 (95% CI 0.70-0.87).

Table 3 Incidence of ongoing sepsis, diagnostic imaging and reoperations categorized per decision 
tool score category

Category n

Actual ongoing 

abdominal sepsis

Diagnostic imaging 

performed Reoperation performed

No Yes Total Positive Negative Total† Positive Negative

Low 

(0-19 points)

121 108 (89%) 13 (11%) 29 13 (45%) 16 (55%) 0 - -

Intermediate 

(20-40 points) 

37 24 (65%) 13 (35%) 17 7 (41%) 10 (59%) 5 5 (100%) 0 (0%)

High 

(41-60 points)

3 1 (33%) 2 (67%) 3 2 (67%) 1 (33%) 1 1 (100%) 0 (0%)

Total‡ 161 133 (83%) 28 (17%) 49 22 (45%) 27 (55%) 6 6 (100%) 0 (0%)

†Excluding planned reoperations
‡Numbers of performed diagnostic imaging studies and reoperations differ from Table 1 as patients were 

censored from the analyses after an episode of abdominal sepsis had occurred
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Diagnostic accuracy of the decision tool

A total of  161 assessments using the decision tool were performed, with a median number of  2 
(IQR 1-2) assessments per patients (Table 2). Of  all assessments, 57 (35 per cent) were indicated 
by the clinical status of  the patient. Using the original developed model7, the probability of  
ongoing sepsis for every decision tool assessment was calculated in the present cohort and the 
model was updated by re-calibrating the intercept (Appendix B).9 The discriminative capacity 
of  the updated model expressed as the area under the receiving operator curve was 0.79 (95 
per cent CI 0.70 to 0.87), suggesting fair discriminatory capacity (see Fig. 1). This AUC was 
comparable with the discriminative capacity found in the original development cohort (AUC 
of  0.80; 95 per cent CI 0.69 to 0.82).7 Assessment of  calibration with use of  the Hosmer-
Lemeshow test showed adequate goodness-of-fit (p=0.20).

A total of  32 assessments were performed on POD2 with 5 cases of  ongoing sepsis. 
The AUC of  the assessments on POD 2 was 0.93 (95 per cent CI 0.84 to 1.00). Forty-one 
assessments performed on POD 3, with only one case of  ongoing sepsis, resulted in an AUC 
of  0.99 (95 per cent CI 0.95 to 1.00). The remaining 88 assessments were performed on POD 
4 to POD 10 with 22 cases of  ongoing abdominal sepsis. The AUC of  these assessments was 
0.73 (95 per cent CI 0.62 to 0.85).

The median calculated score was 10 (IQR 6-19) of  maximum 60 points. The majority 
of  the decision tool scores were categorized as low probability (0-19 points) of  ongoing sepsis 
(121 of  161; 75 per cent). A score in the intermediate category (20-40 points) was found in 23 
per cent of  the assessments (37 of  161), while only 3 assessments (2 per cent) resulted a score 
of  41 points or more (high probability of  ongoing sepsis). The actual incidence of  ongoing 
abdominal sepsis per probability score category is shown in Table 3. The incidence rate 
differed significantly between the three categories (p<0.001). The negative predictive value of  
a decision tool score categorized as low probability of  ongoing sepsis was 89 per cent (95 per 
cent CI 82 to 94), and 65 per cent (95 per cent CI 47 to 79) for an intermediate score. The 
positive predictive value of  a score in the high category was 67 per cent (95 per cent CI 12 to 
95) since 2 of  3 patients with a high score had ongoing abdominal sepsis. 

Of  all 161 assessments, 92 concerned repeated assessments following a previous as-
sessment. Seventy-three of  these 92 repeated assessments resulted in a low score. The negative 
predictive value of  low scores following a previous low score (10 positives of  57 assessments) 
was comparable to low scores following an intermediate score (3 positives of  13 assessments); 
83 per cent (95 per cent CI 67 to 91) versus 81 per cent (95 per cent CI 54 to 95)(p=0.911). 
For an intermediate score, the positive predictive value (probability of  ongoing sepsis) was 
greater if  the assessment succeeded a low score (i.e., an increasing score) compared with an 
intermediate score (50 per cent; 95 per cent CI 20 to 80, versus 22 per cent; 95 per cent CI 4 
to 60), although not statistically significant (p=0.210).



166

Chapter 7

Potential impact of decision tool on postoperative management

Management decisions with respect to postoperative diagnostic imaging (in majority followed 
by percutaneous drainage) and surgical interventions categorized per decision tool score 
category are displayed in Table 3. Following 121 decision tool scores in the low category 
diagnostic imaging still was performed in 29 instances, which diagnosed an abdominal focus in 
13 instances (108 of  121 or 89 per cent true negatives of  management decisions by the decision 
tool). If  the advice of  the decision tool for to the low category would have been adhered (‘no 
indication for diagnostic imaging’), 16 ‘unnecessary’ imaging studies would therefore have 
been avoided at the cost of  13 wrongfully omitted studies (missed cases of  ongoing abdominal 
sepsis), while reducing the overall number of  performed imaging studies in the total cohort by 
59 per cent (29 of  49 imaging studies). 

The advice for a patient with an ‘intermediate’ score was to consider imaging. Following 
37 ‘intermediate’ scores 17 imaging studies were performed (46 per cent), which were positive 
for an infectious abdominal focus in 7 instances (7 of  37 or 20 per cent true positives of  
management decisions of  the decision tool). Diagnostic imaging was more frequently 
performed following an intermediate score than following scores categorized as ‘low’ (46 
versus 24 per cent; p<0.001). This is in line with the advice of  the decision tool corresponding 
to the intermediate category (‘consider imaging’). Although more imaging studies were 
performed following an ‘intermediate’ score than following a ‘low’ score, the proportion of  
‘justly’ imaging studies (i.e. imaging studies with positive findings) was comparable (45 versus 
41 per cent; p=0.806). 

All scores in the ‘high’ category were followed by imaging, in line with the corresponding 
advice of  the decision tool, and two of  three imaging studies were positive for an infectious 
abdominal focus.

DISCUSSION

In this study a decision tool developed to predict the probability of  ongoing abdominal sepsis in 
patients operated for secondary peritonitis and guide postoperative management was externally 
validated. The decision tool scores showed good calibration and fair discriminative capacity 
in the new cohort. The performance was comparable to that found in internal validation, 
supporting the external validity of  the decision tool. Furthermore, the tool had a good negative 
predictive value of  a score categorized as ‘low’ (i.e. probability of  not having ongoing sepsis) 
of  89 per cent, while the positive predictive value (i.e. probability of  having ongoing sepsis) of  
a score categorized as ‘high’ was moderate (65 per cent). Given the design of  the decision tool, 
assessments can be done multiple times during the postoperative course. The found results 
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showed that irrespective of  previous assessments, low scores preserved their negative predictive 
value. Furthermore, although not statistically significant, an intermediate score succeeding a 
low score indicated a greater probability of  ongoing sepsis than a constant intermediate score, 
illustrating that the scores adequately reflected a change in clinical condition. The potential of  
the decision model to guide postoperative decision making in terms of  performing diagnostic 
imaging was moderate to good. Regarding low scores, ongoing sepsis was present in 11 per cent 
while omitting diagnostic imaging in these score category would have reduced the number of  
performed imaging studies in the total cohort by 59 per cent. The advice to perform imaging 
following a high score did seem accurate, although only very few assessments resulted in a 
score categorized as high. The strength of  the decision tool lies in its negative predictive value 
for ongoing peritonitis.

Despite progress in the initial surgical management of  secondary peritonitis, persisting 
or new-onset abdominal sepsis by an infectious focus during the postoperative course 
continues to be a problem. Timely and adequate reintervention is important, but repeated 
and unnecessary surgical interventions involve additional risks and do not improve outcome.4 
Because of  this dilemma, clinical predictors enabling early and correct diagnosis of  ongoing 
sepsis are of  great interests. There is no consensus among surgeons which variables are most 
import during postoperative decision making in patients with peritonitis.10 Multiple widely-
used scores such as the APACHE II score and the Sepsis-related Organ Failure Assessment 
(SOFA) score have been shown to predict mortality in critically ill patients.11;12 However, 
when evaluating their ability to predict the necessity of  surgical reintervention in patients 
with secondary peritonitis they perform significantly worse.6 Long ago a prediction model 
specifically designed to identify patients in need of  surgical reintervention has been described 
(Abdominal Reoperation Predictive Index), but the ARPI score has several limitations which 
have been previously addressed.7 Multiple clinical variables are described as predictor of  the 
necessity of  a relaparotomy as well, including patient and peritonitis characteristics, surgical 
variables, and clinical and laboratory variables.13 Several other markers and variables have 
also been related to recurrent or ongoing sepsis in patients with peritonitis, such as the 
serum procalcitonin ratio, increased intra-abdominal pressure and assessments done using 
intraperitoneal microdialysis.14-16 However, these markers lack evaluation of  their diagnostic 
performance and external validation, and not all are widely available. More commonly used 
diagnostic markers of  infectious processes are white blood cell (WBC) count and C-reactive 
protein (CRP) level. During the development of  the current decision tool, these markers failed 
to show adequate association and were dropped. As these inflammatory markers are already 
markedly increased in patients with secondary peritonitis in need of  surgery, they are less likely 
to be informative during the postoperative course. 
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The diagnostic performance of  present decision tool was not good enough to completely 
abstain from clinical judgment. It is not likely that any single marker or decision tool can 
replace clinical decision-making by the treating multidisciplinary team taking care of  the 
critically ill patient. Useful tools should mere function as aid and may help quantify the possible 
subjective feeling within the team. The currently studied decision tool therefore incorporates 
advice regarding postoperative management, aimed to guide the use of  diagnostic imaging. 
The number of  missed cases of  ongoing sepsis by use of  the decision tool may not be low 
enough for clinical practice and in need of  improvement, preferably by integrating the tool 
in the team’s clinical judgement. The potential of  the decision tool to influence the number 
of  ‘unnecessary’ reoperations (i.e. negative findings) could not be assessed in our study, since 
only few patients underwent a reoperation. This low number of  reoperations reflects current 
clinical practice with on-demand relaparotomy and increased use of  percutaneous drainage. 
The on-demand strategy has become standard for most patients, and progress in imaging 
techniques, in particular computed tomography, and the introduction of  image-guided 
percutaneous interventions has substituted some reoperations. Furthermore, as CT imaging is 
now widely used and almost always precedes reintervention, a decision tool should be aimed 
at triage of  diagnostic imaging rather than the decision to perform a surgical intervention. 

Some limitations of  our study need to be addressed. First, the number of  positive cases in 
our study (ongoing abdominal sepsis) was limited. A larger number of  positive cases would have 
enable more accurate analyses of  the positive predictive value. Therefore, no firm conclusion 
could be drawn regarding this category. Another limitation is the risk of  verification bias 
given our study design. A positive reference standard test was defined as positive findings at 
imaging or reoperation. Not all patients received the same reference test since not all patients 
underwent postoperative imaging or a reoperation. Theoretically, patients with an infectious 
abdominal focus for ongoing peritonitis who did not undergo imaging or a reoperation could 
therefore have been missed as ‘positives’. However, in clinical practice such patients would 
probably deteriorate with imaging likely being performed. 

Vital to the current standard reoperation on-demand approach in patients operated for 
secondary peritonitis is vigilant monitoring, with round-the-clock decision-making. To aid 
this complex process a decision tool has been developed and in the current study externally 
validated. In patients operated for secondary peritonitis, the decision tool score predicts with 
fair accuracy whether or not ongoing sepsis is present. In clinical practice a low score of  
the decision tool has a good negative predictive value for ongoing sepsis. As imaging has 
become standard and almost always precedes reinterventions, the step-up-approach of  clinical 
suspicion-imaging-reintervention with efficient use of  diagnostic imaging without impeding 
timely diagnosis can be facilitated by the decision tool.
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Appendix 1 Nomogram depicting the decision tool to predict ongoing abdominal sepsis with advice 
regarding monitoring and performing imaging studies

Appendix 2 Full model on which the decision tool is based enabling calculation of the probability 
of ongoing sepsis

Variable β

Contamination (Diffuse) 0.76695

Defaecation (No) 1.46956

Inotropic medication (Yes) 1.40856

Temperature (≤35.5ᵒC or >39ᵒC) 0.91645

Heart rate (>90 bpm) 0.67818

Haemoglobin (≤5.0 mmol/L) 1.09552

Intercept (original) -4.412803

Intercept (updated) -3.135282

The predicted probability of ongoing sepsis was calculated using the following formula:
P = 1/(1+EXP(-( - 3.135282 + 0.76695 (if diffuse contamination was present during initial surgery) + 
1.46956 (if no defecation) + 1.40856 (if inotropic medication is needed) + 0.91645 (if temperature 
≤35.5ᵒC or >39ᵒC) + 0.67818 (if heart rate >90bpm) + 1.09552 (if haemoglobin ≤5.0 mmol/L)

Contamination
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Inotropic medication

Temperature (Cᵒ)
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Total points

Probability of 
ongoing sepsis (%)

Category
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INTRODUCTION

An elevation in intra-abdominal pressure may result in intra-abdominal hypertension or even 
abdominal compartment syndrome and occurs in a wide variety of  critically ill patients.1 
Although recent international consensus definitions and recommendations have helped to 
define, characterize and raise awareness of  abdominal compartment syndrome, multiple 
aspects of  the diagnosis and treatment remain subject of  discussion.2,3 

The association between intra-abdominal pressure and organ function was described 
as early as 1876 when the German Wendt reported the association between a high intra-
abdominal pressure and oligo-uria.4 Thereafter, several reports on the effect of  increased intra-
abdominal pressure on different organ systems were made.5,6 It was only until 1984 that Kron 
et al. measured the intra-abdominal pressure as a criterion for abdominal decompression.7 This 
group was also the first to use the term ‘Abdominal Compartment Syndrome‘. Thereafter the 
number of  publications related to IAH, IAP and the abdominal compartment syndrome seem 
to have increased exponentially.

This study sets out to analyse the increasing number of  publications on the abdominal 
compartment syndrome in number, origin and type of  the study, and to categorize and discuss 
the topics and findings of  the main clinical studies.

METHODS 

Search

For the period 1947 to April 2012 PubMed was searched using the 3 terms ‘abdominal 
compartment syndrome’ (ACS), ‘intra-abdominal hypertension’ (IAH) and ‘intra-abdominal 
pressure’ (IAP). All study-abstracts were searched for appropriateness of  the search term(s) 
and had to contain at least one of  the 3 search terms. When the abstract was inconclusive 
or missing, the complete article was retrieved. Two authors independently performed the 
search and discrepancies were solved by group discussion. No language limits were applied. In 
addition to the PubMed search we incorporated missing articles from the online World Society 
of  the Abdominal Compartment Syndrome (WSACS) database.8 Articles retrieved using the 
above search terms related to compartment syndromes of  extremities were excluded. 

Definitions

For this study the definitions are used as put forward at the 2007 World Congress of  the 
Abdominal Compartment Syndrome (WCACS) consensus meeting.2,3 Intra-abdominal pressure 
(IAP) was defined as the pressure within the abdominal cavity, expressed in mmHg and 
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measured at end-expiration in the complete supine position. Normal IAP is approximately 
5-7 mmHg in critically ill adults. Intra-abdominal hypertension (IAH) was defined as a sustained or 
repeated pathological elevation in IAP ³ 12 mmHg measured standardised at three occasions 
separated by 4-6 hours interval. The abdominal compartment syndrome (ACS) was defined as IAP 
> 20 mmHg (with or without abdominal perfusion pressure <50 mmHg; calculated as mean 
arterial pressure minus intra-abdominal pressure) measured standardized at three occasions 
separated by 1-6 hours interval. This must coincide with single or multiple organ failure that 
was not previously present as measured by the Sequential Organ Failure Assessment (SOFA) 
score.9

Data collection and analysis

Data concerning the articles’ first author, country and continent of  origin, journal name, year 
of  publication, language and type of  publication was collected. In case of  multiple contributing 
nationalities or international studies, the country of  origin of  the study’s first author was 
decisive. Furthermore, 5-year impact factors (as defined by Journal Citation Reports (JCR) in 
2012) of  the journals were added to the database.10;11 The estimated population numbers of  
the various countries and continents have been retrieved using the GeoHive Global Statistics 
online database.12 

The articles were categorized into four types of  publications, according to the type 
of  study the article described; clinical, animal, in vitro (including cadaver studies) or other. 
The clinical studies were subdivided into four groups according to study design; randomised 
controlled trials, cohort studies, case control studies and case reports and series (as defined by 
the Centre for Evidence-Based Medicine).13 

Data analysis was performed using IBM SPSS version 19.0 (IBM Corp, Armonk, NY, 
USA).

RESULTS

On April 30th 2012 the latest update of  the PubMed search was done. We screened a total 
of  5245 abstracts. A search using the term ´abdominal compartment syndrome´ resulted in 
1354 articles, whereas ´intra-abdominal hypertension´ resulted in 949 and ´intra-abdominal 
pressure´ in 2942 articles. Besides these PubMed results, we incorporated 487 articles from 
the online WSACS literature database.8 After eliminating overlap and articles not fulfilling 
inclusion criteria, 1211 individual articles were included in the present review. Of  these 
included articles, 87.4 per cent was published in English. The number of  yearly published 
articles in the last 6 decades has increased exponentially, as shown in Fig. 1.
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Figure 1 The number of annually published articles on ACS, IAH and IAP in the last 65 years (N=1211)

Table 1 Total number of publications on IAP, IAH and ACS per country, and number of publications 
per country corrected for number of inhabitants (N=1211)

Country Publications (% of total) Per 106 inhabitants (ranking)

USA 431 (35,6) 1,36 (8)

Germany 74 (6,1) 0,90 (9)

Belgium 72 (5,9) 6,67 (1)

UK 56 (4,6) 0,89 (11)

China 52 (4,2) 0,04 (20)

Italy 50 (4,1) 0,82 (13)

Turkey 49 (4,0) 0,66 (14)

Australia 40 (3,3) 1,75 (7)

Canada 31 (2,6) 0,89 (10)

France 31 (2,6) 0,49 (16)

Greece 25 (2,1) 2,19 (5)

Spain 24 (2,0) 0,51 (15)

Israel 23 (1,9) 2,99 (2)

Japan 22 (1,8) 0,17 (17)

Sweden 21 (1,7) 2,21 (4)

Switzerland 16 (1,3) 2,07 (6)

Russia 15 (1,2) 0,11 (18)

Netherlands 14 (1,2) 0,84 (12)

Finland 13 (1,1) 2,41 (3)

Brazil 12 (1,0) 0,06 (19)
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Of  the included articles, 39.8 per cent was retrieved using the search term ‘abdominal 
compartment syndrome’ alone, whereas the single search term ‘intra-abdominal hypertension’ 
accounted for 0.9 per cent and ‘intra-abdominal pressure’ for 17.8 per cent. In 9.9 per cent 
both terms ‘abdominal compartment syndrome’ and ‘intra-abdominal pressure’ were found. 
In 21.7 per cent the combination of  all three search terms was found. 

Categorizing all publications by country, journal, study type and patient/disease category

The 20 countries listed in Table 1 account for 88.4 per cent of  all included articles. When 
corrected for the number of  inhabitants, Belgium was leading with 6.67 publications per 106 
inhabitants, followed by Israel (2.99) and Finland (2.41). The USA contributed the largest 
absolute number of  articles (n=431) accounting for 35.6 per cent of  the articles, followed by 
Germany (n=74; 6.1 per cent) and Belgium (n=72; 5.9 per cent). Table 2 shows the number 
of  publications per continent. Europe tops the list (n=471; 38.9 per cent), followed by North 
America (n=462; 38.2 per cent) and Asia (n=204; 16.8 per cent).

The top 10 journals publishing on ACS, IAH and IAP are shown in Table 3. The Journal 
of  Trauma published most articles (n = 99; 8.2 per cent) followed by Critical Care Medicine (N=53; 
4.4 per cent) and Intensive Care Medicine (N=51; 4.2 per cent). A supplement of  the Acta Clinica 
Belgica in 2007 was a special edition in honorary of  the third World Congress on Abdominal 
Compartment and accounted for 28 (2.3 per cent) articles. The American Surgeon published a 
supplement in 2011 on the occasion of  the fifth World Congress, containing 15 articles on IAH 
and ACS (1.2 per cent). The top 10 journals together published 38.9 per cent of  the included 
articles. The median 5-year impact factor calculated from this top 10 is 2.846 (range 0.724–
6.401) and the highest impact factor is 6.401 by Critical Care Medicine. From all 1211 articles, the 
journal’s 5-year impact factors of  947 articles (78.2 per cent) were collected from the Journal 
Citation Reports© database and the median impact factor was 1.946 (range 0.238 – 36.427).

Considering the top 20 contributing first authors, 11 are member of  the 2012 WSACS 
Executive Committee and 8 authors contributed to the WCACS consensus publications.2;3

Table 2 Number of publications on IAP, IAH and ACS per continent (N=1211)

Continent N %

Europe 471 38.9

North America 462 38.2

Asia 204 16.8

Oceania 41 3.4

South America 25 2.1

Africa 8 0.7
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The type of  publication is reflected in Table 4. The majority of  studies consisted of  
clinical studies (N=604; 49.9 per cent)), and 14.9 per cent were animal studies. Only 12 (1.0 
per cent) studies appeared to be in vitro studies. Seven articles could not be allocated to any 
of  the groups because of  language problems or the inability to retrieve the full article. The 
other 407 publications consisted of  277 reviews, of  which 28 (10.1 per cent) were considered 
systematic, 103 commentaries, 13 surveys, 10 technical reports, 3 consensus definitions and 
recommendations and 1 trial protocol proposal. Table 5 shows the included clinical studies 
(N=604) grouped according to type of  study design. The majority were case reports and case 
series (N=294; 48.7 per cent). Excluding case reports and case series we found 307 clinical 
studies on the topic. A total of  281 (46.5 per cent) were identified as cohort studies, of  which 
180 (64.1 per cent) were prospective. In three articles, the type of  study design could not be 
determined because of  language problems.

 
Topics and main findings of the clinical studies.

The main topics of  the clinical studies, case reports and case series excluded, are discussed 
below in light of  knowledge gained on ACS as well as the proportion of  studies on subtopics 
of  ACS and management (N=307). 

Key to intra-abdominal hypertension and the abdominal compartment syndrome is the 
measurement of  intra-abdominal pressure. Of  the 307 clinical studies, 53 (17.3 per cent) have 
reported on different aspects and techniques of  IAP measurements; e.g. the effect of  body 

Table 3 Top 10 journals regarding number of publications on IAP, IAH and ACS

Journal N (%) JCR 5-year impact factor 201311

J Trauma Acute Care Surg* 99 (8.2) 2.942

Crit Care Med 53 (4.4) 6.401

Intensive Care Med 51 (4.2) 5.036

Am Surg 51 (4.2) 1.165

Acta Clin Belg 34 (2.8) 0.724

World J Surg 22 (1.8) 2.751

Am J Surg 21 (1.7) 2.727

Crit Care 20 (1.7) 5.248

Arch Surg 18 (1.5) 4.750

J Surg Res 18 (1.5) 2.123

* Previously titled The Journal of Trauma and The Journal of Trauma, Injury, Infection, and Critical Care

JCR = Journal Citation Reports



181

Studies on intra-abdominal hypertension and abdominal compartment syndrome

positioning or instillation volume on pressure measurements (Table 6).14;15 The standardized 
method for determining IAP was described by Malbrain et al in 2006, and is performed at end-
expiration in the supine position with a maximal instillation volume of  25 ml sterile saline and 
the transducer zeroed at the level of  the mid-axillary line.3 Normal intra-abdominal pressure 
ranges from 5-7 mmHg in critically ill adults, but various conditions such as obesity, have been 
associated with a chronic increase of  IAP.3;16 Pressure levels in children are reported to be 
lower.17 There is no consensus in which patients and when IAP should be measured.

While intra-abdominal hypertension and abdominal compartment syndrome were 
originally considered to be a disease of  the traumatically injured patients, IAH and ACS have 
now been recognized to occur in all critically ill patient populations. Table 6 gives an overview 
of  the 307 clinical studies categorized by disease or patient. Given the multiple underlying 
pathologies, ACS can be classified in three types.3 Primary ACS is due to the presence of  
an intra-abdominal or retroperitoneal pathology or process, such as an abdominal trauma18, 
a strangulate hernia19 or elective abdominal surgery20, whereas secondary ACS develops in 
the absence of  primary abdominal pathology, usually seen in the post-resuscitation phase for 
septic or haemorrhagic shock or burn injuries.21;22 Tertiary or recurrent ACS develops after the 
surgical or medical treatment of  either primary or secondary ACS.23

Most clinical studies on IAP, IAH and ACS have included an unselected and mixed 
(medical and surgical) ICU population (Table 6, 57 studies; 18.6 per cent). Prevalence rates 
of  IAH on ICU admission vary from 20 to 30 per cent, and incidence rates vary from 30 to 

Table 4 Articles on IAP, IAH and ACS subdivided into type of study (N=1211)

Type of publication N %

Clinical study 604 49.9%

Animal study 181 14.9%

In vitro study 12 1.0%

Other (mostly reviews) 407 33.6%

Unknown 7 0.6%

Table 5 Frequency of types of clinical studies on IAP, IAH and ACS (N=604)

Type of study design N %

Randomized Controlled Trial 16 2.6%

Cohort study 281 46.5%

Case-control study 10 1.7%

Case reports and case series 294 48.7%

Unknown 3 0.5%
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55 per cent.24-29 Several risk factors for the development of  ACS in critically ill adult patients 
have been described; massive fluid resuscitation24;30;31, multiple transfusions32, hypothermia30, 
acidosis30, BMI25;33, sepsis 33, mechanical ventilation26, abdominal trauma34 and abdominal 
surgery24. Forty-eight clinical articles (15.6 per cent) studied the incidence or prevalence rates 
and risk factors for ACS. Mortality rates of  50 per cent have been described in critically ill adult 
and paediatric patients and early recognition and treatment has proven to reduce mortality.30;35

Several subpopulations are associated with a higher incidence rate of  IAH/ACS 
compared to the general critically ill patients. Patients with severe acute pancreatitis (SAP) 
were included in 10.4 per cent of  the clinical studies (Table 6). Intra-abdominal hypertension 
has a reported incidence of  approximately 60 per cent; ACS is reported to develop in 12-
56 per cent.36-38 Several risk factors for the development of  IAH in patients with SAP have 
been identified and IAH is associated with an increased morbidity and mortality.38;39 Non-
surgical interventions, such as percutaneous drainage of  intraperitoneal fluid40 and continuous 
hemodiafiltration41, have been suggested to decrease IAP in patients with acute pancreatitis. 
Furthermore, a conservative protocol-based approach of  patients with SAP, including 
monitoring of  the intra-abdominal pressure, has proven to be a rational and effective treatment 
strategy.42 Surgical decompression seems the most effective way to decrease IAP in patients 
with acute pancreatitis.43 

Table 6 Clinical studies (case reports and case series excluded) on IAP, IAH and ACS subdivided 

based on disease or patient category and subtopic (N=306)

Patient category N %

Medical / surgical ICU patients 57 18.6%

Trauma 44 14.3%

Open abdomen (for various indications) 34 11.1%

Severe acute pancreatitis 32 10.4%

Paediatric 18 5.9%

Abdominal aorta aneurysm 16 5.2%

Burn 14 4.6%

Miscellaneous 92 30.0%

Subtopic N %

Intra-abdominal pressure measurement 53 17.3%

Incidence, prevalence and risk factors 48 15.6%

Clinical outcomes 82 26.7%

Prevention and treatment 89 29.0

Miscellaneous 35 11.4
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Burn patients are another subpopulation frequently associated with IAH, although only 1 
per cent of  all burn victims develop IAH.44;45 Incidence is positively correlated with burn size. 
Rates of  IAH of  36 per cent and ACS of  17 per cent have been reported in patients with burn 
areas of  > 40 per cent and > 30 per cent of  total body surface area, respectively.45-47 Despite 
various treatment strategies, including lower fluid resuscitation volumes48, escharotomy49, and 
burn resuscitation protocols50, mortality rates in burn patients with ACS remain high.44;51 
Abdominal compartment syndrome is also a frequently recognized complication following 
open and endovascular repair of  ruptured abdominal aortic aneurysms (rAAA).52;53 The open 
abdomen, both as prophylaxis or after decompressive laparotomy, has been described in 
patients after undergoing rAAA repair (Table 6).54;55

With the increase of  intra-abdominal pressure and the development of  IAH, several 
organ systems are affected. Impaired cardiovascular, respiratory, renal, gastrointestinal, 
hepatic and neurologic functioning has been described in IAH/ACS.56-58 The influence of  
elevated intra-abdominal pressure and ACS on different clinical outcomes, e.g. specific organ 
dysfunction, morbidity or mortality, was the subject of  82 articles (26.7 per cent). 

Regarding the clinical studies, the most frequent subject was the prevention or treatment 
of  ACS (89 studies, 29.0 per cent). Several non-operative strategies to reduce IAP have been 
described such as sedation59, percutaneous drainage of  free intraperitoneal fluid or blood40;60, 
adequate fluid resuscitation48;61, continuous hemofiltration41, and negative extra-abdominal 
pressure62. Surgical decompression by laparotomy remains the only definitive treatment of  
ACS and can successfully reduce IAP.43;63 

With the increased interest and awareness of  IAH/ACS, the open abdomen (OA) has 
become an accepted treatment strategy. Is has been described both as prophylaxis and as 
treatment of  ACS. Furthermore, several different methods for temporary abdominal closure 
have been studied.64-67 Thirty-four studies included patients with an open abdomen for various 
indications, including ACS.

The characteristics and main findings of  the 16 randomized controlled trials are listed 
in Table 7. Seven studied the effect of  different intra-abdominal pressure levels during 
laparoscopic cholecystectomy on various parameters and postoperative outcomes. Five studies 
evaluated the effect of  resuscitation protocols, traditional Chinese medicine or indwelling 
catheter drainage on intra-abdominal pressure in severe acute pancreatitis patients. Two 
trials included patients undergoing emergency laparotomy and studied temporary abdominal 
closure techniques and suture techniques. One trial studied the effect of  traditional Chinese 
medicine on intra-abdominal pressure in ICU patients with multi organ failure, and one trial 
evaluated the effect of  type of  resuscitation fluid on intra-abdominal pressure in burn patients.
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Table 7 Characteristics of the 16 randomized controlled trials on IAP, IAH and ACS

Reference Year

No. of 

citations Country Study population N Intervention Control Main conclusion

Celik et al.68 2004 3 Turkey Patients undergoing elective 

laparoscopic cholecystectomy 

100 5 different IAP levels; 8, 10, 12, 14, 

and 16 mmHg

n.a. No effect of IAP levels on gastric 

intramucosal pH

Basgul et al.69 2004 4 Turkey Patients undergoing elective 

laparoscopic cholecystectomy

22 Low IAP level (10 mmHg) High IAP level (14-15 mmHg) Less depression of immune function 

(expressed as Interleukin-2 and -6) in the 

low IAP group

O’Mara et al.48 2005 92 USA Burn patients (≥25% TBSA with 

inhalation injury or ≥40% TBSA without)

31 Plasma resuscitation Crystalloid resuscitation Less increase in IAP and less volume 

requirement in plasma-resuscitated 

patients

Sun et al.40 2006 15 China Severe acute pancreatitis patients 110 Routine conservative treatment 

combined with indwelling catheter 

drainage 

Routine conservative 

treatment

Lower mortality, lower APACHE II scores 

after 5 days and shorter hospitalization 

times in intervention group

Bee et al.67 2008 59 USA Patients undergoing emergency 

laparotomy requiring temporary 

abdominal closure

51 Vacuum-assisted closure Mesh closure No signification differences in delayed 

fascial closure or fistula rate

Karagulle et al.70 2008 1 Turkey Patients undergoing elective 

laparoscopic cholecystectomy

45 3 different IAP levels; 8, 12, and 

15 mmHg

n.a. Similar effects on pulmonary function 

test results

Zhang et al.71 2008 9 China Severe acute pancreatitis patients 80 Da-Cheng-Qi decoction enema+ 

and sodium sulphate orally

Normal saline enema Lower IAP levels in intervention group

Ekici et al.72 2009 3 Turkey Patients undergoing elective 

laparoscopic cholecystectomy

52 Low IAP level (7 mmHg) High IAP level (15 mmHg) More pronounced effect of high IAP on QT 

dispersion

Joshipura et al.73 2009 6 India Patients undergoing elective 

laparoscopic cholecystectomy

26 Low IAP level (8 mmHg) High IAP level (12 mmHg) Decrease in postoperative pain and 

hospital stay, and preservation of lung 

function in low pressure level group

Mao et al.74 2009 0 China Severe acute pancreatitis patients 76 Controlled fluid resuscitation Rapid fluid resuscitation Lower incidence of ACS in controlled fluid 

resuscitation group (i.a.)

Yang et al.*75 2009 na China Severe acute pancreatitis patients 120 Colloid plus crystalloid 

resuscitation

Crystalloid resuscitation Decline of IAP was significant higher in 

crystalloid plus colloid group 

Celik et al.76 2010 2 Turkey Patients undergoing elective 

laparoscopic cholecystectomy

60 3 different IAP levels; 8, 12 and 14 

mmHg

n.a. No effect of IAP level on postoperative 

pain 

Chen et al.*77 2010 na China ICU patients with multi organ failure 60 Tongfu Granule+ Placebo Decreased IAP in intervention group

Agarwal et al.78 2011 1 India Patients undergoing emergency 

laparotomy

190 Reinforced tension line sutures Continuous suturing No difference in IAP but increased 

incidence of fascial dehiscence in 

continuous suture group

Du et al.61 2011 6 China Severe acute pancreatitis patients 41 Hydroxyethyl starch resuscitation Ringer’s lactate resuscitation Lower incidence of IAH and reduced use 

of mechanical ventilation in intervention 

group 

Topal et al.79 2011 0 Turkey Patients undergoing elective 

laparoscopic cholecystectomy

60 3 different IAP levels; 10, 13, and 

16 mmHg

n.a. No differences on thromboelastography

‡Web of Science (accessed July 2013), *Article in Chinese (English abstract), +Traditional Chinese medicines

IAP = intra-abdominal pressure, IAH = intra-abdominal hypertension, ACS = abdominal compartment syndrome, 

n.a.= not applicable/available, TBSA = Total body surface area, APACHE = Acute Physiology And Chronic Health 

Evaluation 
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Table 7 Characteristics of the 16 randomized controlled trials on IAP, IAH and ACS
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continuous suture group

Du et al.61 2011 6 China Severe acute pancreatitis patients 41 Hydroxyethyl starch resuscitation Ringer’s lactate resuscitation Lower incidence of IAH and reduced use 

of mechanical ventilation in intervention 

group 

Topal et al.79 2011 0 Turkey Patients undergoing elective 

laparoscopic cholecystectomy

60 3 different IAP levels; 10, 13, and 

16 mmHg

n.a. No differences on thromboelastography

‡Web of Science (accessed July 2013), *Article in Chinese (English abstract), +Traditional Chinese medicines

IAP = intra-abdominal pressure, IAH = intra-abdominal hypertension, ACS = abdominal compartment syndrome, 

n.a.= not applicable/available, TBSA = Total body surface area, APACHE = Acute Physiology And Chronic Health 

Evaluation 
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DISCUSSION
This study presents a descriptive review of  publications on IAH, IAP and ACS over the last 
65 years. Since its first description, the number of  publications has grown exponentially in the 
last 6 decades suggesting increased interest and awareness. Most articles consist of  low level 
evidence (especially case reports and expert opinions). To date, many questions concerning 
ACS have not been answered yet. However, considering the exponential rise in number of  
published articles, knowledge is increasing. Sixteen randomized trials and 180 prospective 
cohort studies on various aspects of  ACS have been published, and are categorized and 
discussed in this review.

The authors are aware that scoring abstract heuristics only, information about type of  
article and study design might have been erroneous. Furthermore, determining the quality of  
the articles’ content based on the journal’s impact factor is an over-simplification. Moreover, 
for 248 articles no impact factor was available (yet) from the online JCR-database. Because 
non-English publications produced by Asian countries, which are not available in PubMed, 
were not included, this could have underestimated the overall number of  articles and the share 
of  the Asian continent. 

The exponential increase in number of  published articles indicates the clinical awareness 
and interest in ACS. Hopefully, future research will outline a high quality evidence-based 
approach to patients with increased intra-abdominal pressure, intra-abdominal hypertension 
and abdominal compartment syndrome. Studies should focus on the value of  IAH monitoring 
in relation to patient outcome and the type and timing of  interventions for ACS to improve 
patient survival.
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ABSTRACT

Background

Several challenging clinical situations in patients with peritonitis can result in an open abdomen 
(OA) and subsequent temporary abdominal closure (TAC). Indications and treatment choices 
differ among surgeons. The risk of  fistula development and the possibility to achieve delayed 
fascial closure differ between techniques. The aim of  this study was to review the literature 
on the OA and TAC in peritonitis patients, to analyse indications and to assess delayed fascial 
closure, enteroatmospheric fistula and mortality rate, overall and per TAC technique.

Methods

Electronic databases were searched for studies describing the open abdomen in patients of  
whom 50 per cent or more had peritonitis of  a non-traumatic origin.

Results

The search identified 74 studies describing 78 patient series, comprising 4358 patients of  
which 3461 (79 per cent) had peritonitis. The overall quality of  the included studies was low 
and the indications for open abdominal management differed considerably. Negative pressure 
wound therapy (NPWT) was the most frequent described TAC technique (38 of  78 series). The 
highest weighted fascial closure rate was found in series describing NPWT with continuous 
mesh or suture mediated fascial traction (6 series, 463 patients: 73.1 per cent, 95 per cent 
confidence interval (CI) 63.3 to 81.0) and dynamic retentions sutures (5 series, 77 patients; 73.6 
per cent, 95 per cent CI 51.1 to 88.1). Weighted rates of  fistula varied from 5.7 per cent after 
NPWT with fascial traction (95 per cent CI 2.2 to 14.1), 14.6 per cent (95 per cent CI 12.1 to 
17.6) for NPWT only, and 17.2 per cent after mesh inlay (95 per cent 17.2 to 29.5). 

Conclusion

Although the best results in terms of  achieving delayed fascial closure and risk of  entero-
atmospheric fistula were shown for NPWT with continuous fascial traction, the overall quality 
of  the available evidence was poor, and uniform recommendations cannot be made. 
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INTRODUCTION

Several challenging clinical situations can necessitate leaving the abdominal cavity open after 
surgery, resulting in an open abdomen (OA) or laparostoma. Excessive visceral oedema, seen 
in severe abdominal sepsis, may prevent successful tension-free fascial closure after laparotomy, 
forming an inescapable indication for the OA. It may also be necessary to leave the abdomen 
open following a decompression laparotomy for abdominal compartment syndrome (ACS). 
Furthermore, the OA can be part of  damage control surgery and other strategies involving a 
planned relaparotomy, such as second-look operations for intestinal ischemia.

Many techniques for temporary abdominal closure (TAC) of  an open abdomen have 
been described. Besides prevention of  evisceration, TAC can facilitate regaining access to 
the abdominal cavity (in case necessary) and prevents retraction of  skin and fascia. Ideally, it 
enables postponed fascial closure of  the abdominal cavity, i.e. delayed primary fascial closure. 

Whether or not an open abdomen is needed, and the possibility of  successful outcomes 
after TAC highly depends on the underlying condition. Success rates of  delayed fascial closure 
are lower in non-trauma patients compared to trauma patients, and several studies identified 
peritonitis as an independent predictor of  failure of  fascial closure.1-3 Furthermore, the applied 
indications for open abdominal management differ between trauma patients and patients with 
peritonitis, and also influence the possibility of  achieving delayed fascial closure. Moreover, 
one of  the most feared complications of  the open abdomen, formation of  enteroatmospheric 
fistula, is associated with the aetiology of  open abdomen; high rates of  fistula formation have 
been described in patients with an open abdomen due to peritonitis.2 The concern of  fistula 
formation especially regards the use of  negative pressure wound therapy, which has become 
an increasingly popular technique of  TAC.4-6

The objective of  this study was to systematically review the literature on the open 
abdomen and temporary abdominal closure in peritonitis patients only, to analyse indications 
and to assess delayed fascial closure, enteroatmospheric fistula and mortality rate, overall and 
per TAC technique.

METHODS

This systematic review was conducted in accordance with the Preferred Reporting Items for 
Systematic Reviews and Meta-Analysis (PRISMA) guideline.7

Literature search

A systematic literature search was performed in Medline (PubMed), EMBASE (Ovid) and 
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the Cochrane Central Register of  Controlled Trials on 3 January 2014 to identify studies 
describing the open abdomen and temporary abdominal closure in patients with (secondary) 
peritonitis. The search strategy was constructed in consultation with a clinical librarian. Search 
terms related to open abdominal management and temporary abdominal closure techniques 
were used. No restrictions regarding language or publication date were applied. Bibliographies 
of  all included articles and relevant review papers were searched manually for additional 
relevant articles. Titles and abstracts were screened by two authors (JJA, SLG) independently. 
Disagreement on relevance was addressed by discussion and consensus. Subsequently, full-text 
articles were retrieved and read by both authors. 

Study selection

To be eligible for inclusion, studies had to describe the open abdomen and temporary 
abdominal closure in patients with peritonitis of  non-traumatic origin. Studies including open 
abdomen patients with various aetiologies were included if  more than 50 per cent of  the 
described patients had an AO due to peritonitis, or if  data concerning peritonitis patients 
could be derived separately. Furthermore studies had to provide information about the applied 
temporary abdominal closure technique and had to report on at least two of  the following 
outcomes of  interest: delayed fascial closure rate, enteroatmospheric fistula rate and mortality. 
Only articles of  which the full text was written in English, German, Spanish or Dutch were 
included. Review articles, opinion papers, case reports (< 5 patients), paediatric series, series 
with other than midline incisions, animal and laboratory studies and studies including ≤ 50 per 
cent peritonitis patients or studies not reporting results for peritonitis patients separately were 
excluded. If  multiple articles reported on the same patient population, only one study was 
included based on relevance and population size. In case articles described separate patient 
series based on underlying conditions, all series fulfilling the inclusion criteria were included 
separately. Studies including both patients with an open abdomen and patients undergoing 
closed abdominal management were only considered for inclusion if  separate data was 
available for patients with an open abdomen. 

Definitions

Peritonitis as underlying disease was defined as open abdominal management commenced 
after an operation indicated by an intra-abdominal source of  infection, such as anastomotic 
leakage, gastrointestinal perforation, necrotizing pancreatitis or bowel ischemia. Patients 
undergoing an index operation for trauma, despite the possible development of  peritonitis 
following traumatic bowel injury or postoperative complications, were considered trauma 
patients and were thus excluded. Patients undergoing open abdominal treatment after 
operations for haemorrhage, including ruptured abdominal aortic aneurysms, or loss of  fascial 
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domain (traumatic or caused by fasciitis) were excluded. Patients with an open abdomen after 
full-thickness dehiscence postoperatively were considered for inclusion only if  the primary 
operation was performed for peritonitis. 

Delayed primary fascial closure was defined as achieving complete midline closure of  the 
fascia (without a mesh) during the index admission. Temporary abdominal closure techniques 
were categorized based on the definitions described by Boele van Hensbroek et al (Table 1).3 
The category ‘Vacuum-assisted closure (VACTM)’ was extended to ‘Negative-pressure wound 
therapy (NPWT)’ and included all closure techniques applying negative pressure to the fascial 
edges (including the ‘Vacuum pack’). A separate category was created for techniques combining 
negative pressure with continuous suture- or mesh-mediated fascial traction. Indications for 
the open abdomen were categorized as; inability to close (due to excessive oedema), part of  a 
planned relaparotomy strategy, part of  an imperative relaparotomy (second look for intestinal 
ischemia or damage control surgery), documented intra-abdominal hypertension (IAH) or 
ACS, and abdominal cavity drainage for severe intra-abdominal infection. If  the provided 
indication did not fall into one of  the aforementioned categories, the indication was listed as 
literally given in the article (between quotation marks). Studies reporting retrospective analyses 
of  prospectively gathered data were considered prospective.

Data extraction

Data was extracted independently by two authors (JJA, SLG) using a predefined data sheet. The 
extracted data included study characteristics (first author, year of  publication, inclusion period, 
type of  study design), patient characteristics (number of  included subjects, underlying aetiology, 
indications for open abdominal management, the Acute Physiology and Chronic Health 
Evaluation II score, Mannheim Peritonitis Index, number of  constructed bowel anastomoses 
at the index laparotomy or possible relaparotomies (excluding anastomoses combined with 
deviating ileostomies)), details regarding the applied temporary abdominal closure technique 
and the following outcome measures; delayed fascial closure rate, enteroatmospheric fistula 
rate and in-hospital mortality. Delayed primary fascial closure rate was calculated by dividing 
the number of  patients in whom the fascia could be completely closed during admission, by the 
total number of  included patients. If  no apparent intention to achieve delayed fascial closure 
was described, the fascial closure rate was considered to be not available instead of  zero. The 
number of  events of  various outcomes was registered as zero only when it was clearly specified 
in the article. For studies comparing different techniques of  temporary abdominal closure or 
different patient groups, results were calculated per technique/patient group. 

Methodological quality assessment

The methodological quality of  all included articles was assed. The five-point Jadad score 
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was used for quality assessment of  randomized comparative studies.8 For non-randomized 
observational studies, the nine-point Newcastle–Ottawa Scale was used.9 Because one item on 
this nine-point scale was considered irrelevant regarding the subject of  this systematic review 
(“demonstration that outcome of  interest was not present at start of  study”), the maximum 
score was eight instead of  nine. 

Statistical analysis

Data was analysed per category of  temporary abdominal closure technique. We calculated a 
weighted average of  the logit proportions by the use of  the generic inverse variance method 
and back-transformed the summary estimate and 95 per cent confidence interval (CI) to obtain 
a summary proportion. If  the combined number of  patients was 20 or less, no pooled weighted 
average was calculated. Random effects estimates were used to test the variation between 
different studies. Heterogeneity was assed using the χ2 and I2 statistics and was considered 
significant (considerable heterogeneity) if  p-value <0.1 and I2 >75 per cent. Analysis was 
performed using Review Manager 5.2 (The Cochrane Collaboration; Copenhagen, Denmark). 

RESULTS

Included studies

The process of  the study selection is summarized in Fig. 1. The initial search identified a 
total of  1,528 articles. After screening the titles and abstract, 222 articles were considered 
for inclusion and full-text manuscripts were retrieved. Of  these, another 148 articles did not 
meet the inclusion criteria. The remaining 74 articles were included in this review, published 
between 1983 and 2013. Study characteristics and outcomes are shown in Table 2. In total, 
one randomized trial, 19 prospective studies, 53 retrospective studies and 1 non-specified study 
were included. 

In total, from the 74 studies, 78 separate series of  patients were included. Five of  the 
included studies compared two TAC techniques.10-14 Of  one of  these studies, only one arm 
fulfilled the inclusion criteria and was included.11 Of  the remaining four studies, both groups 
were included as separate patient series.10;12-14 Seven studies compared the open abdomen 
between different patient series based on aetiology.1;15-20 One study compared three groups 
(trauma, sepsis and pancreatitis) of  which two groups fulfilled the inclusion criteria (sepsis and 
pancreatitis); these patients were included as one group.1 Of  the other six studies comparing 
different patient populations, only one separate series of  patients from each study fulfilled the 
inclusion criteria and was included.15-20 Three studies included both patients with an open 
abdomen and patients undergoing closed abdominal management; only patients with an 
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Excluded based on titles and abstracts 
(n = 1306)

Total articles after removal of duplicates
n = 1528

Potentially relevant articles
n = 2185

Medline 1201
Embase 919
Cochrane 65

Citations identified through 
other sources 

(e.g. reference lists)
n = 15

Full-text articles assessed for eligibility
n = 222

Articles excluded based on full‐text  n = 148
   Duplicate      n = 6
   Irrelevant      n = 10
   Article type (reviews / editorials)  n = 20
   Case series < 5 patients    n = 7
   No peritonitis patients    n = 31
   Less than 50% peritonitis patients 
   and no separate data    n = 32
   No data on outcomes of interest  n = 27
   Language      n = 9
   No full‐text available    n = 2
   Paediatric series     n = 2
   Duplicate publication on same 
   study population     n = 2

Total articles included
n = 74

Figure 1 Flow chart showing study selection process
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open abdomen were included.21-23 The remaining 59 articles described the open abdomen in, 
amongst others, peritonitis patients without comparing types of  TAC technique or aetiology. 

Methodological quality of included study

The methodological quality of  the only randomized trial scored 3 points on the Jadad scale.22 
Regarding the remaining studies, the methodological quality was assessed using the Newcastle–
Ottawa Scale (maximum score 8 points); thirty-two studies scored 3 points, eight studies 4 
points, thirty-two studies 5 points and one study was awarded 7 points. Details regarding 
methodological quality assessment are listed in Appendix 1.

Table 1 Description of temporary abdominal closure techniques

TAC Technique Description

NPWT A perforated plastic sheet is positioned to cover the intestine, a polyurethane 

sponge or damp surgical towels/pads are placed on top, between the fascial 

edges. The wound is covered with an airtight seal and is centrally pierced by a 

suction drain, which is connected to a pomp and fluid collection system. Self-made 

variations of this technique (using towels/gauzes) are commonly referred to as 

Barkers’ “Vacuum Pack”. Commercial available systems include VAC Abdominal 

Dressing (KCI), Renasys NPWT (S&N), Avance (Mölnlycke) and ABThera Open 

Abdomen Negative Pressure Therapy System (KCI).

NPWT with continuous 

fascial traction

Modification of NPWT, using a mesh or sutures sutured to the fascial edges, which 

can be tightened with every NPWT system change.

Dynamic Retention 

Sutures

Extraperitoneally placed large, non-absorbable sutures through all layers of the 

abdominal wall, including the skin. Sutures can be gradually tightened. May be 

combined with a NPWT system. Commercial available systems include ABRA 

Abdominal Wall Closure System (Canica Design).

Wittmann patch 

(‘artificial burr’)

Two Velcro pieces are sutured to the fascial edges and facilitate gaining access to 

the abdominal cavity and gradual re-approximation of the abdominal wall. May be 

combined with a NPWT system.

Bogota bag A sterile irrigation bag is sutured between the fascial edges. It can be reduced in 

size to approximate the fascial edges. 

Mesh An absorbable or nonabsorbable mesh is sutured between the fascial edges 

(usually ‘inlay’). The mesh can potentially be tightened gradually. Non-absorbable 

meshes can be removed or left in place.

Zipper A mesh with a zipper is sutured between the fascial edges. It is comparable to 

mere mesh placement but allows for a more easy access to the abdominal cavity.

Loose packing The fascial defect is covered by standard wound dressing.

TAC = temporary abdominal closure, NPWT = negative pressure wound therapy
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Patients

Overall, 4358 patients were included in this review, of  which 3461 (79 per cent) had 
(secondary) peritonitis. Of  the 78 included series of  patients, 27 comprised solely patient 
with peritonitis; data of  a total of  505 patients (range 7 to 81 patients per publication) were 
available.5;12;13;17;21-42 Eight series included open abdomen patients with different aetiologies. 
Here, data of  119 patients with peritonitis could be derived separately (range 5 to 31 patients 
per publication).17;21-23;29;35;36;40 The remaining 43 series comprised patients of  which more than 
half  had peritonitis as underlying disease (range 51.4-96.3 per cent of  7 to 259 patients). From 
these 43 series data from 3734 patients were included. 

In 63 of  78 series (81 per cent) the sex distribution was described. The percentage of  
female patients ranged from 5.7 to 72.7 per cent. The mean age of  the included patients 
ranged from 45 to 66 years (reported in 42 series; 54 per cent); the median age ranged from 
42 to 73 years (reported in 30 series; 38 per cent). Mean APACHE II scores ranged from 13 
to 28 (reported in 24 series; 31 per cent), while median APACHE II scores ranged from 12 
to 30 points (provided in nine series; 12 per cent). Two studies reported APACHE III scores 
with a mean of  72 and 85, respectively, and one study reported a median APACHE IV score 
of  72. Only 10 series (13 per cent) provided information on the mean or median Mannheim 
Peritonitis Index (MPI) of  the included patients. Mean MPI ranged from 24 to 34 points, 
median MPI ranged from 15 to 28. For only 9 series (12 per cent), the number of  patients with 
bowel anastomoses was reported; it varied from 0 to 81 per cent patients.

Indications for the open abdomen

Information about the indications for leaving the abdomen open was provided in 59 of  78 
series (76 per cent) (Table 2). In 31 series these indications were multiple, whereas in 28 series 
only one general indication was described. The most frequent single indication for open 
abdominal management was a planned relaparotomy strategy (15 series).17;21;23;25;28;32;33;43-50 In 
one series patients undergoing decompression for ACS were selectively described, and four 
series included patients managed according to the principles of  damage control surgery.34;35;51-53 
Five series reported on open abdominal management for drainage of  intra-abdominal sepsis; 
considering the “abdominal cavity as if  it were an abscess cavity”.22;26;27;30;54 One study, 
describing two series of  patients, applied TAC in patients with “a high risk of  developing IAH/
ACS”, and one series included five patients with peritonitis and bowel oedema preventing 
primary closure.13;29 For nineteen series of  patients, no information regarding the indications 
for open abdominal management could be derived.
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Table 2 Summarized characteristics and outcomes of 74 included studies combining for 78 patient 
series

Reference Year Study design No. of patients+ Peritonitis etiology (%) Indication TAC technique

Fascial 

closure (%)

Fistula

(%)

Mortality

(%) NOS

Bertelsen et al.88 2013 Retrospective 101 83.1 46.6% DFI, 25.7% II, 23.7% ITC, 

4.0% “fascial necrosis”

NPWT 39.6 2.0 39.6 5

Carlson et al.10 2013 Prospective 355 72.9 Unclear NPWT 41.1 13.8 27.3 4

223 66.3 Various 60.1 8.5 29.6

Fortelny et al.30 2013 Prospective 87 100.0 DFI NPWT with 

fascial traction

78.2 3.4 26.4 5

Goussous et al.15 2013 Retrospective 79 (of 111) 81.0 31% “Loss of domain”, 30% II, 

25% “faecal contamination”, 14% 

“hemorrhage”

Various 58.2 7.6 19.0 3

Haddock et al.52 2013 Retrospective 36 61.1 DCS DRS 83.3 0.0 2.8 5

Huang et al.71 2013 Retrospective 40 60.0 55.0% ITC, 22.5% IAH/ACS, 12.5% 

DFI, 10.0% II

NPWT with 

fascial traction

60.0 25.0 na 4

Khan et al.53 2013 Retrospective 42 54.8 DCS NPWT 73.8 9.5 19.0 4

Pliakos et al.39 2013 Prospective 39 100.0 “Sequential Organ Failure 

Assessment score > 7 or Mannheim 

peritonitis score > 29”

NPWT 59.0 0.0 35.9 5

Richter et al.68 2013 Retrospective 81 >60.5 Unclear NPWT 80.2 16.4 30.9 5

Zielinksi et al.66 2013 Retrospective 18 73.7 39% II, 33% “Shock”, 17% PR, 

6% ITC

NPWT 83.3 0.0 11.1 5

Dietz et al.43 2012 Retrospective 62 53.2 PR Other 33.9 4.8 40.3 3

Goussous et al.83 2012 Retrospective 173 63.6 33% II, 31% “Fecal contamination”, 

23% “Loss of domain”, 13% 

“Hemorrhage”

Various 64.2 6.3 22.6 5

Kafka-Ritsch et al.69 2012 Prospective 160 93.8 “Advanced peritonitis >1 quadrant, 

patients requiring rapid wound 

closure”, PR, ACS, ITC

NPWT with 

fascial traction

75.6 3.1 20.6 5

Kafka-Ritsch et al.34 2012 Prospective 51 100.0 DCS NPWT with 

fascial traction

100.0 0.0 9.8 4

Kleif et al.35 2012 Retrospective 14 (of 16) 100.0 DCS NPWT with 

fascial traction

50.0 0.0 7.1 5

Perez Dominquez et al.61 2012 Retrospective 23 78.3 Unclear NPWT 78.3 17.4 26.1 3

Plaudis et al.62 2012 Prospective 22 72.7 ACS and/or PR NPWT 100.0 13.6 4.5 5

Pliakos et al.12 2012 Prospective 31 100.0 Unclear Various 16.1 54.8 45.2 4

27 96.3 NPWT 66.7 0.0 37.0

Rasilainen et al.11 2012 Retrospective 54 (of 104) 61.1 59% ACS, 31% ITC, 7% 

“prophylactic (for IAH)”, 2% IAH

Various 44.4 18.5 33.3 5

Salman et al.76 2012 Retrospective 7 85.7 Unclear DRS 85.7 0.0 14.3 3

Acosta et al.70 2011 Prospective 111 51.4 69.4% ITC, 26.1% DFI, 19.8% IAH/

ACS, 12.6% II

NPWT with 

fascial traction

76.6 7.2 29.7 5
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Table 2 Summarized characteristics and outcomes of 74 included studies combining for 78 patient 
series

Reference Year Study design No. of patients+ Peritonitis etiology (%) Indication TAC technique

Fascial 

closure (%)

Fistula

(%)

Mortality

(%) NOS

Bertelsen et al.88 2013 Retrospective 101 83.1 46.6% DFI, 25.7% II, 23.7% ITC, 

4.0% “fascial necrosis”

NPWT 39.6 2.0 39.6 5

Carlson et al.10 2013 Prospective 355 72.9 Unclear NPWT 41.1 13.8 27.3 4

223 66.3 Various 60.1 8.5 29.6

Fortelny et al.30 2013 Prospective 87 100.0 DFI NPWT with 

fascial traction

78.2 3.4 26.4 5

Goussous et al.15 2013 Retrospective 79 (of 111) 81.0 31% “Loss of domain”, 30% II, 

25% “faecal contamination”, 14% 

“hemorrhage”

Various 58.2 7.6 19.0 3

Haddock et al.52 2013 Retrospective 36 61.1 DCS DRS 83.3 0.0 2.8 5

Huang et al.71 2013 Retrospective 40 60.0 55.0% ITC, 22.5% IAH/ACS, 12.5% 

DFI, 10.0% II

NPWT with 

fascial traction

60.0 25.0 na 4

Khan et al.53 2013 Retrospective 42 54.8 DCS NPWT 73.8 9.5 19.0 4

Pliakos et al.39 2013 Prospective 39 100.0 “Sequential Organ Failure 

Assessment score > 7 or Mannheim 

peritonitis score > 29”

NPWT 59.0 0.0 35.9 5

Richter et al.68 2013 Retrospective 81 >60.5 Unclear NPWT 80.2 16.4 30.9 5

Zielinksi et al.66 2013 Retrospective 18 73.7 39% II, 33% “Shock”, 17% PR, 

6% ITC

NPWT 83.3 0.0 11.1 5

Dietz et al.43 2012 Retrospective 62 53.2 PR Other 33.9 4.8 40.3 3

Goussous et al.83 2012 Retrospective 173 63.6 33% II, 31% “Fecal contamination”, 

23% “Loss of domain”, 13% 

“Hemorrhage”

Various 64.2 6.3 22.6 5

Kafka-Ritsch et al.69 2012 Prospective 160 93.8 “Advanced peritonitis >1 quadrant, 

patients requiring rapid wound 

closure”, PR, ACS, ITC

NPWT with 

fascial traction

75.6 3.1 20.6 5

Kafka-Ritsch et al.34 2012 Prospective 51 100.0 DCS NPWT with 

fascial traction

100.0 0.0 9.8 4

Kleif et al.35 2012 Retrospective 14 (of 16) 100.0 DCS NPWT with 

fascial traction

50.0 0.0 7.1 5

Perez Dominquez et al.61 2012 Retrospective 23 78.3 Unclear NPWT 78.3 17.4 26.1 3

Plaudis et al.62 2012 Prospective 22 72.7 ACS and/or PR NPWT 100.0 13.6 4.5 5

Pliakos et al.12 2012 Prospective 31 100.0 Unclear Various 16.1 54.8 45.2 4

27 96.3 NPWT 66.7 0.0 37.0

Rasilainen et al.11 2012 Retrospective 54 (of 104) 61.1 59% ACS, 31% ITC, 7% 

“prophylactic (for IAH)”, 2% IAH

Various 44.4 18.5 33.3 5

Salman et al.76 2012 Retrospective 7 85.7 Unclear DRS 85.7 0.0 14.3 3

Acosta et al.70 2011 Prospective 111 51.4 69.4% ITC, 26.1% DFI, 19.8% IAH/

ACS, 12.6% II

NPWT with 

fascial traction

76.6 7.2 29.7 5
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Reference Year Study design No. of patients+

Peritonitis etiology

(%) Indication TAC technique

Fascial 

closure

(%)

Fistula

(%)

Mortality

(%) NOS

Caro et al.56 2011 Retrospective 46 67.4 “Anticipated high risk of developing 

IAH/ACS; intestinal edema or 

difficulty to close”

NPWT 21.7 17.4 32.6 3

Fieger et al.57 2011 Retrospective 82 95.0 Unclear NPWT 42.7 19.5 11.0 3

Manterola et al.49 2011 Prospective 86 64.0 PR Bogota bag 39.5 12.8 11.6 5

Prichayudh et al.20 2011 Retrospective 19 (of 73) 78.9 “Primary closure impossible or 

dangerous”

NPWT 10.5 31.6 na 4

Verdam et al.77 2011 Retrospective 18 83.3 Unclear DRS 77.8 16.7 11.1 5

Kritayakirana et al.19 2010 Retrospective 35 (of 103) 51.4 II, DFI, PR, DCS, IAH, “necrotizing 

abdominal wall infection”

NPWT 60.0 17.1 31.4 5

Lopez-Quintero et al.37 2010 Retrospective 19 100.0 “2 or more of the following: (1) fecal 

or diffuse peritonitis and difficult 

to manage with 1 operation, 

(2) hemodynamic instability, 

(3) excessive intestinal edema, 

(4) septic shock, (5) need for 

reassessment of anastomoses and 

(6) APACHE II score > 15”

NPWT 36.8 26.3 26.3 5

Padalino et al.38 2010 Prospective 9 100.0 PR and ACS NPWT 66.7 11.1 0.0 5

Schmelze et al.41 2010 Retrospective 49 100.0 Unclear NPWT 22.4 22.4 40.8 4

Shaikh et al.63 2010 Prospective 42 76.2 40.5% ITC, 59.5% “thought unwise 

to close”

NPWT 52.4 4.8 9.5 5

Amin et al.25 2009 Prospective 20 100.0 PR NPWT 65.0 10.0 0.0 5

Balentine et al.89 2009 Retrospective 88 62.5 33.0% DFI, 17.0% PR, 15.9% II, 

10.2% ITC, 9.1% IAH/ACS, 11.4% 

“hemodynamic instability”

Various 38.6 12.5 34.1 5

Gonullu et al.31 2009 Retrospective 37 100.0 DFI, IAH Bogota bag 13.5 10.8 43.2 3

Horwood et al.58 2009 Prospective 27 96.3 ITC, DCL, IAH/ACS NPWT 18.5 11.8 37.0 5

Özgüc et al.59 2008 Retrospective 74 78.4 50.0% IAH/ACS, 43.2% PR, 6.8% DCS NPWT 44.6 0.0 60.8 5

Reimer et al.40 2008 Retrospective 10 (of 23) 100.0 Unclear DRS 30.0 20.0 0.0 3

Wondberg et al.42 2008 Prospective 30 100.0 PR, ITC NPWT 33.3 6.7 30.0 5

Barker et al.16 2007 Retrospective 120 (of 258) 68.3 65.0% PR, 12.5% ITC, 8.3% 

DCS,6.7% IAH/ACS, 7.5% 

“multifactorial”

NPWT 60.8 6.7 23.3 5

Kirshtein et al.46 2007 Retrospective 152 89.5 PR Bogota bag na 5.9 23.7 3

Perez et al.60 2007 Prospective 37 56.8 “High tension on the fascia, 

persistent bacterial contamination 

of the abdominal cavity, and 

massive bowel edema”

NPWT 70.3 2.7 37.8 5

Table 2 Continued
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Reference Year Study design No. of patients+

Peritonitis etiology

(%) Indication TAC technique

Fascial 

closure

(%)

Fistula

(%)

Mortality

(%) NOS

Caro et al.56 2011 Retrospective 46 67.4 “Anticipated high risk of developing 

IAH/ACS; intestinal edema or 

difficulty to close”

NPWT 21.7 17.4 32.6 3

Fieger et al.57 2011 Retrospective 82 95.0 Unclear NPWT 42.7 19.5 11.0 3

Manterola et al.49 2011 Prospective 86 64.0 PR Bogota bag 39.5 12.8 11.6 5

Prichayudh et al.20 2011 Retrospective 19 (of 73) 78.9 “Primary closure impossible or 

dangerous”

NPWT 10.5 31.6 na 4

Verdam et al.77 2011 Retrospective 18 83.3 Unclear DRS 77.8 16.7 11.1 5

Kritayakirana et al.19 2010 Retrospective 35 (of 103) 51.4 II, DFI, PR, DCS, IAH, “necrotizing 

abdominal wall infection”

NPWT 60.0 17.1 31.4 5

Lopez-Quintero et al.37 2010 Retrospective 19 100.0 “2 or more of the following: (1) fecal 

or diffuse peritonitis and difficult 

to manage with 1 operation, 

(2) hemodynamic instability, 

(3) excessive intestinal edema, 

(4) septic shock, (5) need for 

reassessment of anastomoses and 

(6) APACHE II score > 15”

NPWT 36.8 26.3 26.3 5

Padalino et al.38 2010 Prospective 9 100.0 PR and ACS NPWT 66.7 11.1 0.0 5

Schmelze et al.41 2010 Retrospective 49 100.0 Unclear NPWT 22.4 22.4 40.8 4

Shaikh et al.63 2010 Prospective 42 76.2 40.5% ITC, 59.5% “thought unwise 

to close”

NPWT 52.4 4.8 9.5 5

Amin et al.25 2009 Prospective 20 100.0 PR NPWT 65.0 10.0 0.0 5

Balentine et al.89 2009 Retrospective 88 62.5 33.0% DFI, 17.0% PR, 15.9% II, 

10.2% ITC, 9.1% IAH/ACS, 11.4% 

“hemodynamic instability”

Various 38.6 12.5 34.1 5

Gonullu et al.31 2009 Retrospective 37 100.0 DFI, IAH Bogota bag 13.5 10.8 43.2 3

Horwood et al.58 2009 Prospective 27 96.3 ITC, DCL, IAH/ACS NPWT 18.5 11.8 37.0 5

Özgüc et al.59 2008 Retrospective 74 78.4 50.0% IAH/ACS, 43.2% PR, 6.8% DCS NPWT 44.6 0.0 60.8 5

Reimer et al.40 2008 Retrospective 10 (of 23) 100.0 Unclear DRS 30.0 20.0 0.0 3

Wondberg et al.42 2008 Prospective 30 100.0 PR, ITC NPWT 33.3 6.7 30.0 5

Barker et al.16 2007 Retrospective 120 (of 258) 68.3 65.0% PR, 12.5% ITC, 8.3% 

DCS,6.7% IAH/ACS, 7.5% 

“multifactorial”

NPWT 60.8 6.7 23.3 5

Kirshtein et al.46 2007 Retrospective 152 89.5 PR Bogota bag na 5.9 23.7 3

Perez et al.60 2007 Prospective 37 56.8 “High tension on the fascia, 

persistent bacterial contamination 

of the abdominal cavity, and 

massive bowel edema”

NPWT 70.3 2.7 37.8 5
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Reference Year Study design No. of patients+

Peritonitis etiology

(%) Indication TAC technique

Fascial 

closure

(%)

Fistula

(%)

Mortality

(%) NOS

Rao et al.5 2007 Retrospective 29 100.0 69.0% DFI, 17.2% ITC, 13.8% IAH/

ACS

NPWT na 20.7 34.5 5

Robledo et al.22 2007 Randomized 

Controlled Trial

20 (of 40) 100.0 DFI Mesh na 10.0 55.0 3•

Wilde et al.65 2007 Retrospective 11 90.9 54.5% “High risk for of IAH/ACS”, 

36.4% PR, 9.1% IAH/ACS

NPWT 90.9 18.2 0.0 3

Oetting et al.17 2006 Retrospective 22 (of 36) 100.0 PR NPWT 68.2 13.6 22.7 3

Cipolla et al.29 2005 Retrospective 5 (of 17) 100.0 ITC NPWT 20.0 20.0 0.0 3

Adkins et al.24 2004 Retrospective 81 100.0 Unclear NPWT na 14.8 33.3 5

García Iñiguez et al.14 2004 Retrospective 50 92 Unclear Bogota bag na 6.0 36.0 7

50 96 Mesh na 20.0 48.0

Martinez-Ordaz et al.13 2004 Retrospective 21 100.0 “High risk for of IAH/ACS” Bogota bag na 28.6 38.1 3

18 100.0 Other na 5.6 38.9

Tsuei et al.1 2004 Retrospective 46 (of 71) 93.5 Unclear NPWT 15.2 19.6 39.1 3

Schachtrupp et al.72 2002 Unclear 40 70.0 Unclear Mesh 57.5 na 25.0 3

Sokmen et al.73 2002 Retrospective 25 88.0 Unclear Mesh na 4.0 16.0 5

Doyon et al.74 2001 Retrospective 17 82.4 ITC, PR, DFI Bogota bag 94.1 0.0 17.6 3

Koniaris et al.36 2001 Retrospective 6 (of 13) 100.0 Unclear DRS 83.3 na 33.3 5

Tremblay et al.18 2001 Retrospective 50 (of 118) 92.0 32% ITC, 24% PR, 14%, DCS, 12% 

ASC, 18% other 

Various 12.0 14.0 56.0 5

Zingales et al.50 2001 Retrospective 60 91.7 PR Zipper 20.0 13.3 38.3 3

Bailey et al.27 2000 Retrospective 7 100.0 DFI Various 14.3 14.3 28.6 3

Bosscha et al.28 2000 Retrospective 67 100.0 PR NPWT 28.4 23.9 41.8 3

Tons et al.51 2000 Retrospective 377 67.0 ACS Mesh 18.0 18.0 21.5 3

Wittmann et al.79 2000 Prospective 128 85.0 PR; 87% ITC, 13% II Wittmann patch 93.0 2.3 18.8 3

Gentile et al.23 1998 Retrospective 11 (of 40) 100.0 PR Mesh na 54.5 45.5 4

Losanoff et al.47 1997 Retrospective 19 89.5 PR Other 78.9 0.0 21.1 3

Losanoff et al.48 1997 Retrospective 29 72.4 PR Mesh 79.3 0.0 20.7 3

Smith et al.64 1997 Retrospective 38 (of 93) 84.2 PR, ITC, II, DCS, ACS, DFI NPWT 55.3 na 42.1 5

Brock et al.65 1995 Retrospective 11 (of 28) 90.9 81.8% PR, 9.1% IAH/ACS, 9.1% both NPWT 18.2 36.4 36.9 5

Hubens et al.33 1994 Retrospective 23 100.0 PR Zipper 34.8 na 39.1 3

Ercan et al.75 1993 Retrospective 10 90.0 Unclear Zipper 60.0 0.0 40.0 3

Hakkiluoto et al.32 1992 Prospective 21 100.0 PR Zipper na 0.0 47.6 3

Schein et al.21 1991 Prospective 31 (of 52) 100.0 PR Mesh 3.2 na 58.1 3

Wittmann et al.80 1990 Prospective 117 94.9 PR and DFI Various na 00.0 23.9 3

Ivatury et al.45 1989 Retrospective 30 56.7 PR Various na 10.0 46.7 3

Hedderich et al.44 1986 Retrospective 10 80.0 PR Zipper na 20.0 20.0 3

Anderson et al.26 1983 Retrospective 20 100.0 DFI Loose packing 55.0 25.0 60.0 3

Hollender et al.54 1983 Retrospective 22 90.9 DFI Loose packing na 0.0 31.8 3

Table 2 Continued
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Reference Year Study design No. of patients+

Peritonitis etiology

(%) Indication TAC technique

Fascial 

closure

(%)

Fistula

(%)

Mortality

(%) NOS

Rao et al.5 2007 Retrospective 29 100.0 69.0% DFI, 17.2% ITC, 13.8% IAH/

ACS

NPWT na 20.7 34.5 5

Robledo et al.22 2007 Randomized 

Controlled Trial

20 (of 40) 100.0 DFI Mesh na 10.0 55.0 3•

Wilde et al.65 2007 Retrospective 11 90.9 54.5% “High risk for of IAH/ACS”, 

36.4% PR, 9.1% IAH/ACS

NPWT 90.9 18.2 0.0 3

Oetting et al.17 2006 Retrospective 22 (of 36) 100.0 PR NPWT 68.2 13.6 22.7 3

Cipolla et al.29 2005 Retrospective 5 (of 17) 100.0 ITC NPWT 20.0 20.0 0.0 3

Adkins et al.24 2004 Retrospective 81 100.0 Unclear NPWT na 14.8 33.3 5

García Iñiguez et al.14 2004 Retrospective 50 92 Unclear Bogota bag na 6.0 36.0 7

50 96 Mesh na 20.0 48.0

Martinez-Ordaz et al.13 2004 Retrospective 21 100.0 “High risk for of IAH/ACS” Bogota bag na 28.6 38.1 3

18 100.0 Other na 5.6 38.9

Tsuei et al.1 2004 Retrospective 46 (of 71) 93.5 Unclear NPWT 15.2 19.6 39.1 3

Schachtrupp et al.72 2002 Unclear 40 70.0 Unclear Mesh 57.5 na 25.0 3

Sokmen et al.73 2002 Retrospective 25 88.0 Unclear Mesh na 4.0 16.0 5

Doyon et al.74 2001 Retrospective 17 82.4 ITC, PR, DFI Bogota bag 94.1 0.0 17.6 3

Koniaris et al.36 2001 Retrospective 6 (of 13) 100.0 Unclear DRS 83.3 na 33.3 5

Tremblay et al.18 2001 Retrospective 50 (of 118) 92.0 32% ITC, 24% PR, 14%, DCS, 12% 

ASC, 18% other 

Various 12.0 14.0 56.0 5

Zingales et al.50 2001 Retrospective 60 91.7 PR Zipper 20.0 13.3 38.3 3

Bailey et al.27 2000 Retrospective 7 100.0 DFI Various 14.3 14.3 28.6 3

Bosscha et al.28 2000 Retrospective 67 100.0 PR NPWT 28.4 23.9 41.8 3

Tons et al.51 2000 Retrospective 377 67.0 ACS Mesh 18.0 18.0 21.5 3

Wittmann et al.79 2000 Prospective 128 85.0 PR; 87% ITC, 13% II Wittmann patch 93.0 2.3 18.8 3

Gentile et al.23 1998 Retrospective 11 (of 40) 100.0 PR Mesh na 54.5 45.5 4

Losanoff et al.47 1997 Retrospective 19 89.5 PR Other 78.9 0.0 21.1 3

Losanoff et al.48 1997 Retrospective 29 72.4 PR Mesh 79.3 0.0 20.7 3

Smith et al.64 1997 Retrospective 38 (of 93) 84.2 PR, ITC, II, DCS, ACS, DFI NPWT 55.3 na 42.1 5

Brock et al.65 1995 Retrospective 11 (of 28) 90.9 81.8% PR, 9.1% IAH/ACS, 9.1% both NPWT 18.2 36.4 36.9 5

Hubens et al.33 1994 Retrospective 23 100.0 PR Zipper 34.8 na 39.1 3

Ercan et al.75 1993 Retrospective 10 90.0 Unclear Zipper 60.0 0.0 40.0 3

Hakkiluoto et al.32 1992 Prospective 21 100.0 PR Zipper na 0.0 47.6 3

Schein et al.21 1991 Prospective 31 (of 52) 100.0 PR Mesh 3.2 na 58.1 3

Wittmann et al.80 1990 Prospective 117 94.9 PR and DFI Various na 00.0 23.9 3

Ivatury et al.45 1989 Retrospective 30 56.7 PR Various na 10.0 46.7 3

Hedderich et al.44 1986 Retrospective 10 80.0 PR Zipper na 20.0 20.0 3

Anderson et al.26 1983 Retrospective 20 100.0 DFI Loose packing 55.0 25.0 60.0 3

Hollender et al.54 1983 Retrospective 22 90.9 DFI Loose packing na 0.0 31.8 3
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Temporary abdominal closure techniques

In 68 of  the 78 series only one type of  TAC was evaluated. The remaining 10 series 
consisted of  patients treated with various abdominal closure techniques. Negative pressure 
wound therapy (NPWT) was described in 32 series (41 per cent) of  open abdomen 
patients.1;5;10;12;16;17;19;20;24;25;28;29;37-39;41;42;53;55-68 Six series (8 per cent) described NWPT in com-
bination with fascial traction (mesh or sutures).30;34;35;69-71 In eight series (10 per cent) non-
absorbable and/or absorbable meshes were used.14;21-23;48;51;72;73 The Bogota bag was applied in 
six series (8 per cent).13;14;31;46;49;74 Zippers were applied in five series (6 per cent).32;33;44;50;75 Five 
series (6 per cent) included patients treated with dynamic retention sutures.36;40;76-78 Two series 
(3 per cent) described loose packing.26;54 The Wittmann patch was used in one series (1 per 
cent).79 Three series (4 per cent) applied different temporary abdominal closure techniques that 
did not fall into one of  the categories.13;43;47

Delayed Primary Fascial Closure

The delayed fascial closure rate was reported in 63 of  the 78 included series and ranged from 
3.2 per cent to 100 per cent with an overall weighted closure rate of  50.2 per cent (95 per cent 
CI 43.4 to 57.0, χ2 p<0.001, I2=90 per cent). The weighted rates per temporary abdominal 
closure technique are given in Table 3. The highest weighted fascial closure rate was seen for 
NPWT with fascial traction (73.1 per cent, 95 per cent CI 63.3 to 81.0, χ2 p=0.008, I2=68 per 
cent) and dynamic retention sutures (73.6 per cent, 95 per cent CI 51.1 to 88.1, χ2 p=0.041, 
I2=60 per cent). Temporary abdominal closure using a mesh or zipper showed the lowest 
delayed closure rates (34.2 per cent, 95 per cent CI 9.7 to 71.5, χ2 p<0.001, I2=95 per cent, 

Table 3 Weighted percentage of patients with an aetiology of peritonitis, delayed primary fascial 
closure, enteroatmospheric fistula and mortality per temporary abdominal closure technique

TAC technique

Series 

n

Patients

n

Peritonitis etiology Fascial closure Fistula Mortality

% (95% CI) % (95% CI) % (95% CI) % (95% CI)

NPWT 32 1627 82.8† (77.5-87.0) 51.5†‡ (46.6-56.3) 14.6† (12.1-17.6) 30.0† (25.6-34.8)

NPWT with fascial traction 6 463 90.3†‡ (69.6-97.4) 73.1† (63.3-81.0) 5.7†‡ (2.2-14.1) 21.5† (15.2-29.5)

Mesh 8 583 84.6†‡ (72.9-91.8) 34.2†‡ (9.7-71.5) 17.2† (9.3-29.5) 34.4†‡ (23.0-48.0)

Bogota bag 6 363 88.5†‡ (74.1-95.4) 47.0†‡ (14.1-82.7) 10.4† (5.9-17.8) 27.1† (18.0-38.6)

Zipper 5 124 92.9 (85.3-96.8) 34.0† (16.7-56.9) 12.5 (7.0-21.2) 39.1 (30.8-48.0)

Dynamic retention sutures 5 77 80.1 (60.7-91.2) 73.6 (51.1-88.1) 11.6 (4.5-26.9) 11.1 (4.5-25.0)

Loose packing 2 42 96.6 (84.2-99.3) na 15.7 (7.4-30.4) 40.0† (25.5-56.5)

Wittmann patch* 1 128 85 119 3 24 

† = χ2 < 0.1, ‡ = I2 >75%, * = actual numbers given instead of percentages

TAC = temporary abdominal closure, NPWT = negative pressure wound therapy, na = not applicable (combined 

number of patients ≤20)
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Table 3 Weighted percentage of patients with an aetiology of peritonitis, delayed primary fascial 
closure, enteroatmospheric fistula and mortality per temporary abdominal closure technique

TAC technique

Series 

n

Patients

n

Peritonitis etiology Fascial closure Fistula Mortality

% (95% CI) % (95% CI) % (95% CI) % (95% CI)

NPWT 32 1627 82.8† (77.5-87.0) 51.5†‡ (46.6-56.3) 14.6† (12.1-17.6) 30.0† (25.6-34.8)

NPWT with fascial traction 6 463 90.3†‡ (69.6-97.4) 73.1† (63.3-81.0) 5.7†‡ (2.2-14.1) 21.5† (15.2-29.5)

Mesh 8 583 84.6†‡ (72.9-91.8) 34.2†‡ (9.7-71.5) 17.2† (9.3-29.5) 34.4†‡ (23.0-48.0)

Bogota bag 6 363 88.5†‡ (74.1-95.4) 47.0†‡ (14.1-82.7) 10.4† (5.9-17.8) 27.1† (18.0-38.6)

Zipper 5 124 92.9 (85.3-96.8) 34.0† (16.7-56.9) 12.5 (7.0-21.2) 39.1 (30.8-48.0)

Dynamic retention sutures 5 77 80.1 (60.7-91.2) 73.6 (51.1-88.1) 11.6 (4.5-26.9) 11.1 (4.5-25.0)

Loose packing 2 42 96.6 (84.2-99.3) na 15.7 (7.4-30.4) 40.0† (25.5-56.5)

Wittmann patch* 1 128 85 119 3 24 

† = χ2 < 0.1, ‡ = I2 >75%, * = actual numbers given instead of percentages

TAC = temporary abdominal closure, NPWT = negative pressure wound therapy, na = not applicable (combined 

number of patients ≤20)

and 34.0 per cent, 95 per cent CI 16.7 to 56.9, χ2 p=0.034, I2=70 per cent, respectively). In 
nine studies it was not clearly described if  any attempts to achieve delayed fascial closure  
were made.14;22;24;32;44;45;54;73;80 

Enteroatmospheric fistula 

Seventy-three series reported the rate of  enteroatmospheric fistula and ranged from 0 to 54.8 
per cent. The weighted fistula rate for all included studies was 12.1 per cent (95 per cent CI 
10.1 to 14.4, χ2 p<0.001, I2=67 per cent). The highest rate was seen after mesh placement 
(17.2 per cent, 95 per cent CI 9.3 to 29.5, χ2 p=0.012, I2=66 per cent), while NPWT with 
fas-cial traction showed the lowest weighted fistula rate (5.7 per cent, 95 per cent CI 2.2 to 
14.1, χ2 p=<0.001, I2=79 per cent). Negative pressure wound therapy (without fascial traction)  
had a weighted fistula rate of  14.6 per cent (95 per cent CI 12.1 to 17.6, χ2 p=<0.001, I2=54 
per cent).

Mortality

Mortality rate was reported in 76 of  78 series and ranged from 0 to 60.8 per cent. Several 
studies excluded patients who died within the first days of  open abdominal management, or 
those who died before a first attempt to achieve fascial closure was made. The overall weighted 
mortality rate was 30.0 per cent (95 per cent CI 27.1 to 33.0, χ2 p<0.001, I2=69 per cent). The 
lowest weighted mortality was seen in series describing dynamic retention sutures 11.1 per 
cent (95 per cent CI 4.5 to 25.0, χ2 p=0.269, I2=23 per cent), while the highest mortality was 
reported after loose packing (40.0 per cent, 95 per cent CI 25.5 to 56.5, χ2 p=0.085, I2=59 
per cent) (Table 3). 
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Prospective studies 

Twenty-two series of  the included 78 (28 per cent) were (part of) prospective studies. Temporary 
abdominal closure using NPWT was described in ten series, four series described NPWT 
combined with fascial traction. The remaining eight prospective series described the use of  
mesh (2), bogota bag (1), Wittmann patch (1), zipper (1) and various TAC techniques (3). 

The prospective series on mere NPWT (608 patients) showed a weighted fascial closure 
rate of  53.9 per cent (95 per cent CI 42.2 to 65.3, χ2 p=<0.001, I2=77 per cent) and a fistula rate 
of  9.8 per cent (95 per cent CI 6.5 to 14.5, χ2 p=0.228, I2=23 per cent). The four prospective 
series on NPWT with fascial traction (411 patients) showed a weighted fascial closure rate of  
77.8 per cent (95 per cent CI 70.4 to 83.9, χ2 p=0.109, I2=51 per cent) and a fistula rate of  
4.3 per cent (95 per cent CI 2.4 to 7.7, χ2 p=0.261, I2=25 per cent). These prospective data 
per closure type are in line with the overall results when the retrospective studies are included 
as well.

DISCUSSION

This systematic review provides a comprehensive overview of  current literature on the open 
abdomen and temporary abdominal closure techniques in non-trauma patients with peritonitis. 
A total of  74 studies describing 78 patient series of  4358 patients with an open abdomen, of  
which 3461 (79 per cent) had peritonitis, were included and analysed. Overall, most included 
articles were of  low methodological quality and a high heterogeneity existed among included 
studies. The indications for open abdominal management differed considerably and were 
not always clearly described. The most frequent described TAC technique was NPWT (32 
series). A modification of  NPWT, combining negative pressure with suture- or mesh-mediated 
fascial traction, was described in another 6 series and showed the highest weighted delayed 
fascial closure rate. Furthermore, a relatively low rate of  enteroatmospheric fistula of  5.7 per 
cent was reported using this technique, whereas the overall weighted rate of  fistula develop- 
ment in all series was 12.1 per cent. The mortality rate for all included patients was 30.0 per 
cent, reflecting the severity of  the underlying conditions in patients with peritonitis and an 
open abdomen. 

Several challenging clinical situations can result in an open abdomen. It can be a 
deliberate decision to leave the abdominal cavity open as part of  damage control surgery, 
consisting of  an initial operation aimed at obtaining surgical control followed by temporary 
abdominal closure and a postponed definitive treatment. Furthermore, the abdomen is usually 
left open after a decompressive laparotomy for abdominal compartment syndrome. An open 
abdomen can also be the inescapable consequence of  severe visceral oedema preventing 
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primary fascial closure at initial emergency surgery. Different underlying conditions can lead 
to one of  the aforementioned scenarios. Trauma is the most frequent described aetiology of  
the open abdomen.3 Damage control surgery is an accepted treatment strategy in trauma and 
abdominal compartment syndrome was long considered to be a disease of  the traumatically 
injured patients only. In the non-trauma setting, damage control surgery is not an accepted 
standard treatment.81 Although it is applied for severe secondary peritonitis in some centres, 
a laparotomy on-demand strategy, as opposed to planned relaparotomies (facilitated by 
temporary abdominal closure), has been demonstrated to result in better outcome and is 
the preferred treatment strategy over planned relaparotomy.82 Therefore, the open abdomen 
in patients with peritonitis should be predominantly the result of  the inability to close; an 
inevitable situation. Besides the different indications for open abdominal management in 
trauma patients and patients with peritonitis, several other aspects warrant the evaluation of  
open abdomen outcome for each aetiology separately. The possibility of  achieving one of  the 
most important outcomes, delayed primary fascial closure, is mostly affected by the underlying 
aetiology. Success rates are lower in non-trauma patients compared to trauma patients, and 
several studies identified peritonitis as an independent predictor of  failure of  fascial closure.1-3 
The risk of  formation of  an enteroatmospheric fistula also differs between trauma patients 
and patients with peritonitis. The infected abdomen is more fistula-prone. The inflamed and 
oedematous bowel of  peritonitis patients, often including enterostomies, is thought to be more 
susceptible of  fistula formation, in particular in an open abdominal cavity.4 High rates of  
enteric fistula have been described in patients with peritonitis.2 Although previous systematic 
reviews have analysed the open abdomen and TAC for, amongst others, peritonitis patients 
separately, several studies since then have been published.2;3 Furthermore, this review is the 
first to only include series consisting of  (predominantly) patients with peritonitis, and to report 
and analyse the described indications for open abdominal management. 

The applied strategies leading to an open abdomen in the included articles differed 
considerably. Most of  the studies included patients with different indications or did not clearly 
report specific details. Of  the articles describing one single indication, the majority applied 
an open abdomen as part of  a planned relaparotomy strategy. Most of  these studies were 
published before 2000, and the superiority results of  a laparotomy on-demand strategy were 
published in 2007. The indication for open abdominal management is closely related to the 
possibility of  achieving delayed primary fascial closure. Successful fascial closure at the first 
re-exploration is more likely than during the second or third take back.15 Furthermore, fewer 
re-explorations and a shorter duration of  open abdominal management are associated with 
higher fascial closure rates.41;70;83 Strategies requiring (usually) only one reoperation, such as 
planned open abdominal management followed by a second look for intestinal ischemia, 
therefore offer a higher change of  fascial closure. Moreover, a prophylactic open abdomen 
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for intra-abdominal hypertension or for decompression of  established ACS is associated with 
higher fascial closure rates.11 Although this review only included patients with peritonitis, the 
diversity of  the indications in the described articles still represents a considerable patient and 
treatment selection bias and may have had a profound effect on delayed fascial closure rates. 

The overall weighted rate of  delayed fascial closure in this systematic review was 50.2 per 
cent (95 per cent CI 43.4 to 57.0) but ranged from 34.0 to 73.6 per cent per TAC technique. 
The highest weighted fascial closure rate was reported in series describing negative pressure 
wound therapy with continuous suture- or mesh-mediated fascial traction. Combining 
negative pressure wound therapy with moderate tension on the fascia is believed to work 
in a synergistic way.84 In a small prospective trial, Pliakos et al. compared vacuum-assisted 
closure with and without fascial retention sutures and found a significant increase of  fascial 
closure when combining negative pressure with fascial traction. 85 Rasilainen et al. also found 
a higher closure rate after negative pressure wound therapy with mesh-mediated traction 
compared to a control group, but the underlying aetiologies differed between groups. The 
intervention group of  Rasilainen et al. was excluded from this review because it was not clear 
that it consisted for more than 50 per cent of  patients with peritonitis.11 In total there were six 
studies describing negative pressure wound therapy with continuous fascial traction fulfilling 
the inclusion criteria. In two of  these studies the open abdomen was applied as part of  damage 
control surgery, where the abdomen was left open deliberately as part of  the strategy, even 
if  closure was technically possible. This may at least in part explain the high success rate of  
fascial closure for NPWT with fascial traction. 

The weighted pooled rate of  enteroatmospheric fistula formation, one of  the most feared 
complications of  the open abdomen, was 12.1 per cent (95 per cent CI 10.1 to 14.4). High 
rates of  enteric fistula have previously been described in patients with peritonitis.2 Especially 
abdominal closure using negative pressure is suspected to be associated with fistulisation.4-6 In 
the present systematic review, in series applying negative pressure wound therapy without fascial 
traction, a weighted fistula rate of  14.6 per cent was seen. But when NPWT was combined 
with continuous suture- or mesh-mediated fascial traction fistula risk dropped to 5.7 per cent. 
Although the included series in this review were categorized according to the type of  applied 
TAC technique, these techniques were not standardized and a large amount of  practice va-
riations is likely to exist. For instance, differences in covering bowel with protective sheets or 
omentum might have contributed to the conflicting findings. This review could therefore not 
confirm nor reject the existing assumption that negative pressure wound therapy in the open 
abdomen increases the risk of  fistula formation.

The overall weighted mortality rate was 30.0 per cent (95 per cent CI 27.1 to 33.0). This 
finding is in line with previous reviews and reflects the severity of  the underlying conditions 
in patients with an open abdomen. A comparable mortality has been described for secondary 
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peritonitis patients, regardless of  open abdominal management.82 The lowest mortality rates 
were described in series reporting high fascial closure rates, but we believe this mostly reflects 
differences in patient population (patient selection) and to a lesser extent a direct effect of  the 
applied TAC technique. 

Several limitations of  this systematic review need to be addressed. First and most 
importantly, this review is limited by the poor overall quality and a substantial heterogeneity of  
the included studies. The majority of  the included articles describe retrospective observational 
studies. Only a few comparative studies were included and only one randomized trial, of  
which one treatment arm fulfilled the inclusion criteria. Secondly, only a minority of  the 
included articles described the indications for the open abdominal management, representing 
a considerable patient and treatment selection bias. Besides the applied indication and chosen 
TAC technique, several other aspects influence outcome in patients with an open abdomen. 
Management of  severe sepsis and septic shock is complex and consists of  multiple elements, 
such as resuscitation, respiratory support and infection control.86 Furthermore, essential 
to successful management of  an open abdomen and the possibility to achieve delayed 
fascial closure is a dedicated medical team. Every attempt should be made to realize early 
abdominal closure; a longer duration of  TAC makes successful delayed closure less likely.70;87 
A large variability in the aforementioned aspects of  patient management likely exists and has 
potentially influenced outcomes and hinders comparing studies and patients. Furthermore, the 
overall lack of  good quality evidence did not allow for a definite conclusion which type of  TAC 
works best for non-trauma patients with peritonitis. 

In conclusion, this systematic review on the open abdomen in non-trauma patients with 
peritonitis describes the indications and the applied temporary abdominal closure techniques 
in a large number of  patients. The published results for NPWT with continuous fascial traction 
were superior to those of  mere NPWT and other techniques, in terms of  achieving delayed 
fascial closure and risk of  enteroatmospheric fistula. However, there was an overall lack of  
good quality evidence and a substantial heterogeneity existed between the included studies. 

Although a randomized trial may be hard to conduct in this complex condition, this 
review highlights the need for prospective studies with clear descriptions of  included patients, 
applied indications for open abdominal management and outcome evaluation. Important 
variables such as presence of  a colostomy while applying TAC, presence of  new bowel 
anastomoses and extent of  peritonitis and contamination need to be prospectively recorded 
in a standardized way. Endpoint assessment needs to be assessor blinded, and success rates of  
closure need to be verified with computed tomography imaging. This will in future allow for 
more firm conclusions on the appropriate indications and preferred temporary abdominal 
closure techniques in patients with peritonitis. 
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Appendix 1 Methodological quality of included studies

A. Randomized comparative studies

Reference
Jadad Scale (maximum of 5 points)

Randomization Blinding Withdrawals Total

Robledo 2 0 1 3

B. Non randomized observational studies

Reference

Newcastle Ottowa Scale (maximum of 8 stars)

Selection Comparability Outcome

Total

Represen-

tativeness of 

included patients

Selection of

the comparative 

cohort

Ascertain-ment of 

exposure

Comparability of 

cohorts on the 

basis of under-

lying disease 

Comparability of 

cohorts on the basis 

of indication for TAC 

Assessment of 

outcome

Adequacy of follow-

up length

Lost to follow-up 

acceptable (less than 

10% and reported)

Bertelsen * - * - - * * * *****

Carlson * * - * - - * * ****

Fortelny * - * - - * * * *****

Goussous * - - - - - * * ***

Haddock * - * - - * * * *****

Huang * - - - - * * * ****

Khan * - - - - * * * ****

Pliakos * - * - - * * * *****

Richter * - * - - * * * *****

Zielinksi * - * - - * * * *****

Dietz * - - - - - * * ***

Goussous * - * - - * * * *****

Kafka-Ritsch * - * - - * * * *****

Kafka-Ritsch * - * - - - * * ****

Kleif * - * - - * * * *****

Perez Dominquez * - - - - - * * ***

Plaudis * - * - - * * * *****

Pliakos * - - * - - * * ****

Rasilainen * * - * - - * * *****

Salman * - - - - - * * ***

Acosta * - * - - * * * *****

Caro * - - - - - * * ***

Fieger * - - - - - * * ***

Manterola * - * - - * * * *****

Prichayudh - - * - - * * * ****

Verdam * - * - - * * * *****

Kritayakirana * - * - - * * * *****

Lopez-Quintero * - * - - * * * *****

Padalino * - * - - * * *

Schmelze - - * - - * * * ****

Shaikh * - * - - * * * *****
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Wittmann * - - - - - * * ***

Ivatury * - - - - - * * ***

Hedderich * - - - - - * * ***

Anderson * - - - - - * * ***

Hollender * - - - - - * * ***



223

Temporary abdominal closure techniques for the open abdomen in non-trauma patients

Reference

Represen-

tativeness of 

included patients

Selection of

the comparative 

cohort

Ascertain-ment of 

exposure

Comparability of 

cohorts on the 

basis of under-

lying disease 

Comparability of 

cohorts on the basis 

of indication for TAC 

Assessment of 

outcome

Adequacy of follow-

up length

Lost to follow-up 

acceptable (less than 

10% and reported) Total

Amin * - * - - * * * *****

Balentine * - * - - * * * *****

Gonullu * - - - - - * * ***

Horwood * - * - - * * * *****

Özgüc * - * - - * * * *****

Reimer - - - - - * * * ***

Wondberg * - * - - * * * *****

Barker * - * - - * * * *****

Kirshtein * - - - - - * * ***

Perez * - * - - * * * *****

Rao * - * - - * * * *****

Wilde * - - - - - * * ***

Oetting * - - - - - * * ***

Cipolla * - - - - - * * ***

Adkins * - * - - * * * *****

García Iñiguez * * * * - * * * *******

Martinez-Ordaz * - - - - - * * ***

Tsue * - - - - - * * ***

Schachtrupp * - - - - - * * ***

Sokmen * - * - - * * * *****

Doyon * - - - - - * * ***

Koniaris * - * - - * * * *****

Tremblay * - * - - * * * *****

Zingales * - - - - - * * ***

Bailey * - - - - - * * ***

Bosscha * - - - - - * * ***

Tons * - - - - - * * ***

Wittmann * - - - - - * * ***

Gentile - - * - - * * * ****

Losanoff * - - - - - * * ***

Losanoff * - - - - - * * ***

Smith * - * - - * * * *****

Borck * - * - - * * * *****

Hubens * - - - - - * * ***

Ercan * - - - - - * * ***

Hakkiluoto * - - - - - * * ***

Schein * - - - - - * * ***

Wittmann * - - - - - * * ***

Ivatury * - - - - - * * ***

Hedderich * - - - - - * * ***

Anderson * - - - - - * * ***

Hollender * - - - - - * * ***





Outcome of acute intestinal failure 

management according clinical 

quality indicators

J.J. Atema

B. Mirck

I. Van Arum

S. ten Dam

M.J. Serlie

M.A. Boermeester

British Journal of Surgery (In revision)

10



226

Chapter 10

ABSTRACT

Background

Type 2 acute intestinal failure is characterized by the need for parenteral nutrition (PN) for 
several months and is typically caused by complications of  abdominal surgery with enteric 
fistulas or proximal stomas. This study aimed to evaluate clinical management according to 
quality indicators established by the Association of  Surgeons of  Great Britain and Ireland. 

Methods

Retrospective cohort study in prospectively registered consecutive patients with type 2 intestinal 
failure referred to a specialised centre. Study outcomes included success of  discontinuation of  
PN, morbidity and mortality.

Results

Eighty-nine patients were analysed, of  whom 57 had enteric fistula, 29 a proximal stoma 
(some with distal fistula) and 3 intestinal failure due to other causes. One patient was deemed 
inoperable, while 9 patients died during initial management from their underlying illness. Prior 
to reconstructive surgery 94 per cent (65 of  66 operated and 4 soon to be operated patients) 
spent the period of  rehabilitation at home. Discontinuation of  PN due to restoration of  enteral 
autonomy was achieved in 73 per cent of  all patients (65 of  89), 87 per cent of  surviving 
patients (65 of  75), and 83 per cent of  patients who underwent reconstructive surgery (55 
of  66). Seven patients developed a recurrent fistula, which was successfully managed with 
a reoperation in 4, eventually resulting in successful fistula takedown of  93 per cent (41 of  
44 patients undergoing fistula resection). Postoperative in-hospital mortality was 5 per cent 
(3 of  66). Overall mortality in present series, including preoperative deaths from underlying 
diseases, was 16 per cent (14 of  89). 

Conclusion

Specialised intestinal failure care and reconstructive surgery resulted in successful 
discontinuation of  PN in the vast majority of  patients, although disease related mortality was 
considerable.
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INTRODUCTION

Intestinal failure, originally defined as ‘a reduction in functioning gut mass below the minimal 
amount necessary for adequate digestion and absorption of  food’, was long considered 
synonymous with chronic dependency of  parenteral nutrition (PN).1 During the last decades, 
awareness and interest for patients with temporary and reversible intestinal failure has 
increased.2 Three types of  intestinal failure can be distinguished based on reversibility and 
duration.3;4 Type 1 and 2 are considered acute intestinal failure while type 3 includes chronic 
conditions associated with the long-term need for PN, such as absolute short-bowel syndrome 
or chronic intestinal motility disorders.5;6 

Type 1 is the most common form of  acute intestinal failure and is characterized by a 
reversible and self-limiting disturbance in intestinal motility, seen in the postoperative period 
as a paralytic ileus.5 Specialised care is seldom needed and most cases can be managed 
conservatively with enteral or parenteral nutritional support during a limited period of  time.3 
Type 2 concerns complex patients with the need for PN for several weeks or months. This more 
severe type of  acute intestinal failure typically occurs as a result of  a complicated postoperative 
course following abdominal surgery, characterized by abdominal sepsis, intestinal fistula or 
the necessity to divert into a proximal stoma.5;6 Management and treatment of  type 2 acute 
intestinal failure is complex, prolonged and follows a temporal sequence of  various phases. 
Prompt and adequate treatment of  sepsis with early nutritional support is the most important 
initial aspect. The next phase aims at restoration and maintenance of  nutritional status and 
healing of  the peritoneal cavity and abdominal wall. This process takes many months and is 
essential to enable safe surgical reconstruction.7;8 During this period, referred to as ‘bridging-
to-surgery’, management is furthermore characterized by challenging skin, wound and stoma 
care and the difficulties associated with the provision of  complex home (nutritional) care. After 
this necessary bridging period surgery to restore intestinal continuity and function, usually 
accompanied by reconstruction of  the abdominal wall, can be considered when the patients’ 
status permits and the complete intestinal anatomy is delineated.

Data on both the incidence and outcome of  type 2 acute intestinal failure is limited, partly 
because some patients are being managed in local non-specialized hospitals.3;6 Nevertheless, 
there is general agreement that the management of  type 2 acute intestinal failure benefits from 
a multidisciplinary and specialized approach, not only in terms of  morbidity and mortality, 
but also in weaning of  parenteral nutrition and achieving enteral autonomy.6;9 In 2010, the 
Association of  Surgeons of  Great Britain and Ireland (ASGBI) proposed a set of  quality of  
care indicators for acute intestinal failure.9 

The aim of  this study was to review all patients with acute type 2 intestinal failure referred 
to a specialized unit and to report and evaluate management and outcome, according to the 
aforementioned ASGBI quality of  care indicators.
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METHODS
All consecutive patients referred to the acute intestinal failure unit of  the Academic Medical 
Centre between January 2011 and October 2014 were prospectively registered in a database. 
The intestinal failure unit consists of  a multidisciplinary staff including a gastrointestinal 
surgeon, an internist-endocrinologist, specialized dieticians, a TPN nurse, a nurse consultant, 
wound and stoma care nurses, and a plastic surgeon. The unit has treated patients with chronic 
intestinal failure and home TPN since 1986 and extended its care towards acute intestinal 
failure since 2011. 

The manuscript was written in accordance with the Strengthening the Reporting of  
Observational Studies in Epidemiology (STROBE) statement.10 The Medical Ethics Review 
Committee of  the Academic Medical Centre (Amsterdam, the Netherlands) approved the 
study protocol and waived the need for written informed consent.

Patient inclusion and data collection

Patients were eligible for retrospective inclusion if  they had acute intestinal failure, received 
PN for more than 28 days and if  the intestinal failure was considered potentially reversible 
(i.e., type 2 intestinal failure). Patients with apparent type 3 or chronic intestinal failure due to 
absolute short bowel syndrome2, intestinal failure due to radiation enteritis or chronic intestinal 
pseudo-obstruction, or prolonged type 1 intestinal failure (i.e., temporary postoperative PN in 
stable patients without sepsis or fistula) were excluded. Furthermore, patients referred for a 
single consultation were also excluded. 

After prospective registration, detailed data were retrospectively collected through medical 
chart review and included patient characteristics, characteristic of  the provided nutritional 
support, details regarding the period of  bridging-to-surgery, surgical details, postoperative mor-
bidity and (postoperative) follow-up. 

Outcome measures and definitions.

Outcome measures of  this study were based on the quality of  care indicators established by the 
Association of  Surgeons of  Great Britain and Ireland comprising (1) success in discontinuation 
of  parenteral nutrition and (2) success in discontinuation of  all types of  artificial nutritional 
support (including parenteral fluids and electrolytes).9 Additional outcomes regarded morbidity 
of  both medical and surgical management including (3) infection rate of  catheters used 
for administration of  parenteral nutritional support, (4) unplanned hospital admissions, (5) 
reoperation rate after surgery, (6) recurrent fistula rate after surgery for fistula, (7) unplanned 
postoperative intensive care and hospital readmission rate (within 30 days) and (8) 30-day and 
in-hospital mortality following surgery, and overall mortality rate. 
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Aetiology of  acute intestinal failure was categorized into enteric fistula, high-output stoma 
or other. If  patients presented with both a stoma and a fistula, intestinal failure was considered 
to be caused by the orifice with the highest output. Fistulas were classified according to anatomy 
(enterocutaneous, enterovaginal etc.), output (high-output defined as more than 500cc per 
24 hours) and source of  fistulation (small intestine, colon). A catheter-related bloodstream 
infection was defined as positive blood cultures with no other focus for infection. Postoperative 
complications were graded according to the Clavien-Dindo classification, with grade III or 
higher regarded as major complications. If  a reoperation was performed for recurrent fistula, 
postoperative follow-up time was calculated as time since the most recent surgery.

Intestinal failure treatment strategy 

The specific treatment differed between patients but in general patients were managed using a 
standardized, multidisciplinary and comprehensive approach. Once acute intestinal failure had 
established, and the patient was referred, any signs of  residual sepsis were aggressively treated 
with (preferably) percutaneous drainage and antibiotic treatment. To reduce overall output 
and gastrointestinal (hyper)secretion and to slow gut transition, a short bowel diet, (isotonic) 
fluid restriction, antimotility drugs, proton pump inhibitors and, on occasion, somatostatin 
analogues were prescribed. Enteral intake was desirable but the possibility depended on 
the length of  remaining (functional) bowel, the anatomic location of  fistulas and stomas, 
and the effect on manageable fistula output. In general nil by mouth was neither necessary 
nor desirable and trophic feeding was recommended. Some patients were additionally fed 
by fistuloclysis, if  anatomy was suitable and patients were willing.11 By definition, intestinal 
failure patients are dependent of  parenteral support. PN at home was administered by trained 
nurses from specialized home care organisations and prepared and delivered according to 
good manufacturing practice rules by a specialized pharmacy. Patients could be trained in 
self-administration of  PN and central venous catheter care. The use of  tunnelled single-lumen 
central venous catheters in the jugular or subclavian vein or a peripherally inserted central 
catheter is preferred. Catheters are locked with taurolidine (although heparin or saline can 
be used as well) and all care of  central venous catheter is carried out following a strict aseptic 
protocol.12 In case of  a catheter-related bloodstream infection, intravenous systemic antibiotic 
or antifungal treatment was given according to the results of  blood cultures. Removal of  the 
central venous catheter was only performed in case of  refractory or ongoing sepsis or blood 
cultures positive for fungi/yeasts or highly virulent bacteria such as Staphylococcus aureus.

Patients visited the outpatient clinic frequently at 4-, 8- or 12-week intervals, depending on 
the patient’s condition. Electrolyte and metabolic derangements were addressed (with special 
interest to parenteral nutrition associated liver disease) and the maintenance of  an optimal 
nutritional status was ensured. Complex large laparostomy wounds with fistulas or nearby 
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located stomas were frequently seen and required the involvement of  specialized wound and 
stoma care nurses. Protection of  skin from fistula or stoma effluents, prevention of  infections, 
and adequate wound and stoma care enabled improvement of  patient wellbeing and mobility. 
If  an enteroatmospheric fistula could be isolated it was managed with use of  a fistula-adapter 
and negative pressure wound therapy (100 mmHg). If  isolation was not achievable, gauzes 
were applied covered by a wound manager or stoma bag.

After achieving a stable clinical condition and a good nutritional status, surgical repair 
of  persistent fistulas and/or restoration of  intestinal continuity were considered. Postponing 
reconstructive surgery at least 6 months after the last laparotomy or drainage of  abdominal 
abscesses is rule of  thumb.7;8 Detailed knowledge of  the intestinal anatomy is imperative. 
Previous operative reports were studied. Oral and enema contrast studies or a MR enterography 
were used to assess the entire length of  small intestine and colon, including segments distal to 
the fistula or stoma. A contrast-enhanced computed tomography (CT) was made to estimate 
the size and anatomy of  the abdominal wall defect. If  considered appropriate, e.g. patients with 
previous intestinal ischemia or severe cardiovascular comorbidity, patency of  the mesenteric 
blood supply was assessed using CT angiography. 

Surgical procedures were based on restoring intestinal continuity and closing the 
abdomen by reconstruction of  the abdominal wall. Fistulating segments of  bowel were 
resected with restoration of  continuity by anastomosis, on occasion with constructing a 
defunctioning ileostomy. The use of  non-absorbable synthetic meshes was avoided. Instead, 
component separation techniques and non-cross-linked biologic mesh (Strattice Reconstructive 
Tissue MatrixTM, LifeCell, Branchburg, New Jersey, USA) were used for abdominal wall 
reconstruction. Parenteral nutritional support was usually continued postoperatively since 
recovery or adaptation of  adequate gastrointestinal function takes several weeks to months. 
Outpatient monitoring was continued for at least 6 months or the time it took to successfully 
discontinue parenteral nutritional support. 

Statistical analysis

All data were analysed with SPSS® software version 20.0 (IBM, Armonk, New York, USA). 
Normally distributed continuous data were expressed as mean (standard deviation), non-
normally distributed continuous data as median (range). Comparisons between groups 
were made with use of  the chi-square test, Fisher’s exact test or Mann-Whitney-U test, as 
appropriate. 
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RESULTS
A total of  179 consecutive patients were referred to the acute intestinal failure unit during 
the study period. Following chart review, 90 patients were excluded because of  parenteral 
nutritional support for less than 28 days (26), apparent type III intestinal failure due to absolute 
short-bowel (12), prolonged type 1 intestinal failure (8), single consultation (9), radiation enteritis 
or chronic intestinal pseudo-obstruction (12), need for parenteral nutritional support due to 
malignancy (10), PN as management of  postoperative chyle leakage (4), and miscellaneous 
reasons (9). The remaining 89 patients were included in the present analysis (figure 1). 

Patient characteristics 

Patient characteristics are depicted in Table 1. Mean age was 60 years (13) and 45 per cent 
(40 of  89) was female. At presentation, patients already had received parenteral nutrition for 
a median of  2 months (range 0-9). In 57 patients (64 per cent), intestinal failure was caused 
by one or more enteric fistulas. Twenty-nine patients (33 per cent) had intestinal failure due 
to a high-output stoma. Six of  the patients with a high-output stoma had concomitant distal 
fistulas. Two patients were on parenteral nutrition after recent massive small bowel resection 
for intestinal ischemia with subsequent immediate restoration of  continuity, while another 
patient had undergone massive small bowel resection with a stapled blind ending duo- 
denal loop.

Table 1 Characteristics of 89 patients with type 2 acute intestinal failure referred to a specialised 
unit 

Mean age, years (SD) 60 (13)

Female, % 40 (45)

Aetiology of acute intestinal failure, %

Enteric fistula

High-output stoma

Other

57

29

3

(64)

(32)

(3)

Duration of PN at presentation in months, median (range) 2 (0-9)

History of catheter-related bloodstream infection, % 17 (19)

Number of previous abdominal operations, median (range) 4 (1-17)

History of constructed laparostomy, % 42 (47)

Remaining small bowel length ≤ 150 cm, % 21 (24)

Remaining colon = hemi-colon or less, % 38 (43)

Ileocoecal valve in situ, % 51 (57)

SD = standard deviation, PN = parenteral nutrition, 
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Figure 1 Flowchart depicting patient selection, management and outcome

179 Refered patients with 
intestinal failure

89 Patients with type 2
intestinal failure

90 Patients not fullfilling 
inclusion criteria

66 Patients underwent 
reconstructive surgery

9 Patients died before 
surgical attempt

3 Patients currently 
bridging-to-sugery

10 Patients managed
conservatively

1 Patient with no surgical
options: type 3

1 Patients with chronic
parenteral fluid dependency

5 Patients died before
discontinuation of PN

4 Patients currently in post-
operative adaptation phase

54 Patients regained 
enteral autonomy

2 Patients with chronic
type 3 intestinal failure
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The majority of  the enteric fistulas developed as consequence of  a complicated 
postoperative course following abdominal surgery (55 of  57; 95 per cent). The initial operations 
had been performed for colorectal carcinoma (12), other intra-abdominal malignancies (9), 
Crohn’s disease (6), diverticulitis (6), abdominal wall repair (6), intestinal ischemia (5) and 
miscellaneous (11). In two patients fistulas arose spontaneously due to chronic infection of  
a synthetic mesh. One patient had an enteric fistula between small bowel and a Bricker 
ileal conduit due to anastomotic leakage. The remaining fistulas were enterocutaneous or 
enteroatmospheric fistula, all originating from the small bowel (4 patients had a concomitant 
colocutaneous, enterovaginal or enterovesical fistula). Of  the 57 patients with an enteric fistula, 
36 (63 per cent) had a fistula classified as high-output, 14 (24 per cent) as low-output, while in 
7 (12 per cent) output was unclear. Of  the 29 patients with a high-output stoma, 18 (62 per 
cent) had a jejunostomy and 11 (38 per cent) an ileostomy. Stoma construction was performed 
during surgery for severe abdominal sepsis (17 of  29; 59 per cent) or resection for intestinal 
ischemia (12 of  29; 41 per cent). 

All patients had a history of  abdominal surgery, with a median of  4 (range 1-17) 
laparotomies. In 47 per cent (42 of  89) of  the patients, a laparostomy was constructed during 
one of  these previous operations. 

Outcomes of intestinal failure management according to ASGBI criteria

Outcomes of  management of  all 89 included patients with type 2 acute intestinal failure ba-
sed on the quality indicators as established by the ASGBI are depicted in Table 2, overall 
and for patients with intestinal failure (predominantly) due to enteric fistula or high-output  
stoma separately.

Discontinuation of parenteral nutritional support, overall and after reconstructive surgery 

While being managed by the intestinal failure unit for a median duration of  12 months (range 
1-45) 65 of  89 patients (73 per cent) achieved enteral autonomy and could be successfully 
discontinued from PN, and 64 of  89 (72 per cent) from PN including fluids and electrolytes. 
Successful discontinuation of  both PN and all other types of  nutritional support was more 
frequently achieved in patients with intestinal failure due to enteric fistula compared to patients 
with high-output stoma (p=0.030 and p=0.049, respectively). Of  the 89 referred patients with 
type 2 intestinal failure, ten (11 per cent) were successfully conservatively managed after a 
median overall duration of  nutritional support of  5 months (range 1-11; Figure 1). These ten 
patients included eight with conservatively managed enteric fistula and two patients who were 
referred after resection for intestinal ischemia with restoration of  continuity during the same 
procedure. Nine patients (10 per cent) died before surgical restoration was attempted. Death 
was attributed to an underlying disease in 5 patients, while 4 patients died of  sepsis related to 
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the cause of  intestinal failure. One patient was deemed inoperable after thorough analysis, and 
parenteral nutrition could not be discontinued (i.e. type 3 intestinal failure). Three patients 
were still in the rehabilitation phase prior to reconstructive surgery. 

The remaining 66 patients had undergone reconstructive surgery. With a median 
postoperative follow-up of  8 months (range 1-43), PN could successfully be discontinued in 55 
of  these 66 patients (83 per cent). In one of  these patients, PN was discontinued but parenteral 
supplementation of  fluids and electrolytes remained necessary. Five patients (5 of  66; 8 per 
cent) deceased before PN could be discontinued (three patients died postoperatively after a 
(re)operation for intestinal failure and two died of  postoperatively diagnosed metastasised 
malignancies). The remaining six patients (9 per cent) failed to achieve enteral autonomy 
despite undergoing surgery with a median follow-up of  6 months (range 3-25 months). The 
success rate of  discontinuation of  PN in all surviving patients was 87 per cent (65 of  75 
patients).

Infection rate of catheters used for administration of parenteral nutritional support 

When all 89 included patients were analysed, the median duration of  parenteral nutritional 
support, while under the care of  the team, was 6 months (range 0-37) or 22909 catheter 
days. During this period, a total of  22 catheter-related bloodstream infections occurred in 
sixteen patients. Therefore, the overall catheter-related bloodstream infection rate of  the study 
population was 0.96 per 1000 catheter days.

Unplanned hospital admissions

The majority of  the 66 surgically managed patients and the 3 patients in the bridging-to-
surgery phase were rehabilitated at home. Only four patients remained hospitalised while the 
remaining 65 (94 per cent) patients could be discharged. Of  these 65 discharged patients, 44 
(67 per cent) needed no readmission during their rehabilitation period, 15 (23 per cent) had to 
be readmitted to the hospital once, while 6 (9 per cent) patients were admitted more than once. 
Most of  these unplanned hospital admissions were related to a catheter-related bloodstream 
infections or an episode of  recurrent abdominal sepsis. 

Reconstructive surgery and postoperative morbidity

Operative details of  the 66 patients undergoing reconstructive surgery are depicted in Table 
3. The operation was performed in the referral hospital in 53 of  66 (80 per cent) patients, 
and in 13 of  66 (20 per cent) patients in the referring hospital, some with assistance of  the 
intestinal failure team surgeon. Surgery was performed after a median of  9 months since 
the last abdominal intervention (range 3-26). One or more enteric fistulas were resected in 
the majority of  patients (44 of  66; 67 per cent). Restoration of  continuity, other than fistula 
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resection, was performed in in 32 patients (48 per cent). In 7 patients (11 per cent) an infected 
synthetic mesh was removed during surgery. Primary fascial closure was achieved in 55 of  66 
patients (85 per cent), if  necessary with use of  an unilateral or bilateral component separation 
technique. In 34 of  66 patients (52 per cent) a non-cross-linked biologic mesh (StratticeTM) 
was placed intraperitoneally; in 23 patients as reinforcement of  primary fascial closure and in 
11 patients as bridging mesh without primary fascial closure despite component separation. 

Table 2 Outcomes of 89 patients with acute intestinal failure based on the ASGBI set of clinical 
quality indicators, overall and for patients with intestinal failure (predominantly) due to enteric 
fistula or high-output stoma separately

Primary outcomes

Overall

(n=89)

Enteric fistula 

(n=57)

High-output stoma

(n=32)†

p 

value

Success in discontinuation of PN, % 65 of 89 73% 46 of 57 81% 19 of 32 59% 0.030

Success in discontinuation of all 

types of nutritional support, %

64 of 89 72% 45 of 57 79% 19 of 32 59% 0.049

Secondary outcomes

Catheter-related bloodstream infec-

tions per total number of catheter 

days, rate per 1000 catheter days

22 per 

22909

0.96 11 per 

12128

0.91 11 per 

10781

1.02 0.302

Unplanned hospital admissions 

during rehabilitation phasea, %

21 of 65 32% 11 of 40 28% 10 of 25 40% 0.171

Reoperation rate after reconstructive 

surgeryb, %

5 of 66 8% 2 of 42 5% 3 of 24 13% 0.345

Recurrent fistula rate after first 

reconstructive surgery for fistulac, %

7 of 44 16% 7 of 42 17% 0 of 2 0% 0.704

Unplanned postoperative intensive 

care admission rateb, %

15 of 66 23% 9 of 42 21% 6 of 24 25% 0.778

Hospital readmission rate (within 30 

days)b, %

7 of 66 11% 4 of 42 10% 3 of 24 13% 0.662

30-days postoperative mortality 

rated, %

2 of 66 3% 2 of 42 5% 0 of 24 0% 0.530

In-hospital postoperative mortality 

rated, %

3 of 66 5% 2 of 42 5% 1 of 24 4% 0.702

Overall mortality rate, % 14 of 89 16% 8 of 57 14% 6 of 32 19% 0.382

PN = parenteral nutrition
a Of all patients rehabilitating at home
b Of all patients undergoing reconstructive surgery
c Of all patients undergoing fistula resection
d Of all patients undergoing reconstructive including mortality after surgery for recurrent fistula

† Including three patients who underwent resection for intestinal ischemia and had immediate restoration of 

continuity (2) or construction of a stapled blind ending duodenal loop (1)
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Table 3 Operative details and postoperative morbidity in 66 patients with type 2 acute intestinal 
failure undergoing reconstructive surgery

Overall

(n=66)

Enteric fistula 

(n=42)

High-output 

stoma

(n=24)† p value

Time since last abdominal 

intervention in months, median 

(range)*

9 (3-26) 9 (3-26) 9 (3-21) 0.523

Resection of one or more enteric 

fistulas, %

44 (67) 42 (100) 2 (8) <0.001

Restoration of continuityᵒ, % 32 (48) 8 (19) 24 (100) <0.001

Operative time in minutes, 

median (range)

404 (45-747) 455 (148-747) 218 (45-421) <0.001

Number of constructed 

anastomoses, median (range)

1 (1-4) 1 (1-4) 1 (1-3) 0.977

Removal of infected synthetic 

mesh, %

7 (11) 7 (17) 0 (0) 0.035

Component separation technique 

performed, %

Unilateral

Bilateral

41 (62)

6 (9)

35 (53)

Primary fascial closure achieved, 

%

55 (85) 31 (74) 24 (100) 0.004

Implantation of biologic mesh 

(IPOM), %

Sublay reinforcement

Bridging

34 (52)

23 (35)

11 (17)

28 (67)

17 (41)

11 (26)

6 (25)

6 (25)

0 (0)

0.002

Postoperative complication grade 

III or IV according to the Clavien-

Dindo classification, %

26 (39) 15 (36) 11 (46) 0.418

Reoperation during admission, % 5 (8) 2 (5) 3 (13) 0.250

Length of postoperative hospital 

stay in days, median (range)

20 (4-104) 22 (6-104) 18 (4-71) 0.193

Readmission within 30 days, % 7 (11) 4 (10%) 3 (13) 0.502

Recurrent fistula, %‡

Resolved by reoperation, %‡

Unresolved due to death before 

or following reoperation, %‡

7 (16)

4 (9)

3 (7)

7 (17)

4 (10)

3 (7)

0 (0) 0.820

IPOM = intraperitoneal onlay mesh

†Including one patients who underwent resection for intestinal ischemia and with construction of a stapled blind 

ending duodenal loop

* Excluding patients with a spontaneous fistula

ᵒ Restoration of continuity, other than restoration achieved by fistula resection, by stoma reversal or anastomosis 

of blind bowel loops; not per se meaning that all remaining intestinal segments were connected 

‡ Of all patient undergoing fistula resection
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No patients with intestinal failure due to a high-output stoma had bridged repairs compared 
to 11 of  42 patients with enteric fistula (p=0.004). Furthermore, a biologic mesh was more 
frequently used during reconstructive surgery for enteric fistulas compared to surgery for high-
output stomas (28 of  42 (67 per cent) versus 6 of  24 (25 per cent), p=0.002).

A total of  26 of  66 patients (39 per cent) developed a major postoperative complication 
graded as III or IV according to the Clavien-Dindo classification. Four patients (4 of  66; 6 
per cent) underwent a reoperation because of  anastomotic leakage, whereas one patient was 
reoperated because of  a stenotic jejunal segment. One patient died 50 days postoperative after 
restoration of  continuity and abdominal wall reconstruction due to end-stage heart failure 
superimposed on pre-existing severe heart failure. Of  the 66 patients undergoing reconstructive 
surgery, 15 (23 per cent) developed a complication requiring intensive care management. The 
30-day hospital readmission rate was 11 per cent (7 of  66 patients).

Of  the patients in whom one or more enteric fistulas were resected, 7 of  44 (16 per 
cent) developed a recurrent fistula. In four patients the recurrent fistula was successfully 
resolved by reoperation, resulting in an overall success rate of  fistula takedown of  93 per 
cent (41 of  44). Two patients underwent a reoperation for recurrent fistula but subsequently 
died postoperatively due to abdominal sepsis and multi-organ failure. The remaining patient 
with a recurrent fistula was diagnosed with metastasised recurrent rectal cancer, received best 
supportive care and deceased four months after the initial reconstruction.

  
Postoperative and overall mortality rate

The 30-day and in-hospital mortality rate among the patients undergoing the 66 initial 
reconstructive surgeries and 6 reoperations combined was 3 per cent (2 of  66) and 5 per cent 
(3 of  66), respectively. Overall mortality for all 89 included patients with acute intestinal failure 
while being managed by the intestinal failure team for a median duration of  12 months (range 
1-45 months), including deaths from underlying diseases, was 16 per cent (14 of  89 patients). 

DISCUSSION

To increase awareness and offer guidance and advice on management of  type 2 intestinal 
failure, the Association of  Surgeons of  Great Britain and Ireland has published a booklet 
in 2010, including clinical indicators to assess quality of  care.9 This retrospective study of  
a prospectively registered consecutive cohort of  patients with type 2 acute intestinal failure 
managed by an intestinal failure referral centre reported outcomes according to the ASGBI 
clinical indicators. In present series, parenteral nutrition could be discontinued after conservative 
management in a minority of  patients, but in the vast majority of  patients after reconstructive 
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surgery. During the essential rehabilitation period prior to surgical reconstruction almost all 
patients were safely discharged home without compromising central venous catheter care, 
as demonstrated by acceptable catheter-related bloodstream infection rates and readmission 
rates. Discontinuation of  PN due to restoration of  enteral autonomy was achieved in 73 per 
cent of  all patients (65 of  89), 87 per cent of  surviving patients (65 of  75), and 83 per cent (55 
of  66) of  patients undergoing reconstructive surgery. 

Interest in type 2 acute intestinal failure has increased over the past decades, and several 
publications have reported on the most important aspects of  management.3;5;6;9 However, few 
data on cohorts of  acute type 2 intestinal failure patients are available. Although there are 
multiple large published series of  patients with enterocutaneous fistula, most included patients 
are without the need for parenteral nutritional support and predominantly focussed on surgical 
outcome and postoperative morbidity.7;8;13-15 Moreover, only few reported on other aspects and 
complications of  (preoperative) management such as catheter-related bloodstream infections. 

In general, all patients in the present study developed intestinal failure in the setting 
of  an intra-abdominal catastrophe, illustrated by the high number of  previously performed 
abdominal surgeries. The majority of  patients had intestinal failure due to loss of  functional 
bowel length associated with the presence of  one or more postoperative enteric fistula. Fistula 
as the main cause of  intestinal failure has been described previously.9 Especially fistula in 
conjunction with an open abdomen or laparostoma, so called entero-atmospheric fistula, are 
at risk of  causing severe intestinal failure.15 In present series, 47 per cent of  patients presented 
with a laparostoma. A constructed proximal stoma was the main reason of  intestinal failure in 
the patients without fistulas. Not all patients with a proximal stoma classified as high-output 
stoma. This is most likely explained by the fact that all patients were already on parenteral 
nutrition and fluid restriction, although enteral intake according to the short bowel diet 
recommendations was allowed and stimulated. 

Only few patients achieved enteral autonomy conservatively. Eight of  the conservatively 
managed patients had spontaneous closure of  a fistula, resulting in a spontaneous closure 
rate of  14 per cent (8 of  57 patients with fistula). This rate is somewhat lower than described 
spontaneous closure rates in literature but can be explained by the fact that the patients in 
this cohort were referral patients, mostly referred due to complexity or after an attempt to 
spontaneous closure was not accomplished.15 

It is generally accepted that surgical restoration should be delayed for several months 
in order for the patient to rehabilitate and a neoperitoneum to form. A minimum of  six 
months since the last abdominal intervention is frequently advocated as preferred period.7-9;14;16 
Preferably, patients spend this period at home.5 In present series, with only a few exceptions all 
patients deemed to undergo reconstructive surgery could be discharged and managed at home. 
An expert support team and dedicated pharmacy for the provision of  home PN is essential, 
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and can reduce catheter-related bloodstream infection rate, one of  the most frequent and 
serious complications of  PN.17 The catheter-related bloodstream infection rate in present series 
falls within the range of  0.38 to 4.58 episodes per 1000 catheter days reported in literature on 
adults receiving home parenteral nutrition.17

Reconstructive surgery was associated with considerable morbidity. Despite advances in 
care and surgical technique, high rates of  postoperative morbidity are still being described.18-20 
Postoperative in-hospital mortality in present series is comparable to the range of  2-5 per 
cent reported in published series.8;16;18;19 Recurrent fistula rate was also comparable to previous 
reports (11-30 per cent described in literature).7;8;14;16;18

In total, 73 per cent (65 of  89) successfully achieved enteral autonomy. The majority 
of  patients who did not successfully achieve enteral autonomy died prior to surgery or 
postoperatively, due to an underlying diseases or sepsis. The overall mortality in present 
series was considerable, illustrates the severity of  the disease and is comparable to overall 
mortality rates in other series.7;15;19 The number of  patients who remained dependent of  PN 
after undergoing reconstructive surgery was 9 per cent (6 of  66 operated patients), while in 
another patient parenteral supplementation of  fluids and electrolytes remained necessary. In 
some patients dependency was decreasing so discontinuation can still be hoped for. Owen et al. 
reported a rate of  postoperative chronic PN dependency of  14 per cent after surgical treatment 
of  enterocutaneous fistula. However, they also included patients with a preoperative diagnosis 
of  absolute short-bowel syndrome, while in the present study, patients in whom achieving 
enteral autonomy was deemed impossible due to absolute short-bowel were excluded. Other 
comparative data on achievement of  enteral autonomy in type 2 intestinal failure patients is 
scarce and the different underlying conditions make generalised prognoses difficult.3 

Several limitations of  this study need to be addressed. Firstly, it can be argued that the 
inclusion of  both patients with fistulas and patients with a proximal stoma makes present 
study population heterogeneous. Indeed, some aspects differ between these two possible 
aetiologies of  acute intestinal failure, such as the chance of  spontaneous healing (closing of  
a fistula). However, most aspects of  management of  acute intestinal failure, whether caused 
by a proximal stoma or an enterocutaneous fistula, are comparable. The importance of  
adequate sepsis control, the difficulties of  provision of  (home) parenteral nutrition, fluids and 
electrolytes support, the challenging wound and skin-care, and the complexity of  surgery with 
respect to gaining access to the abdominal cavity and performing adhesiolysis in patients with 
a history of  multiple abdominal surgeries; all these issues are encountered in all patients with 
acute intestinal failure. Another potential limitation is the lack of  data on initial sepsis control 
because most of  the patients were referred after the initial phase. However, although sepsis 
is the most common cause of  death in patients with acute intestinal failure and adequate 
treatment is essential, care for septic patients is based on several general treatment principles 
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which fall outside the scope of  this article.21 A final limitation is the retrospective nature of  data 
on patient history prior to referral. 

With the introduction of  clear definitions and a set of  quality measures, the first steps 
towards more uniform data and evidence on acute intestinal failure has been made. The use 
of  similar definitions and outcome measures enable benchmarking and introduction of  new 
ways to improve care, organisation and ultimately outcome. 
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ABSTRACT

Background

Repair of  (potentially) contaminated abdominal wall defects entails the dilemma of  choosing 
between synthetic material, with its presumed risk of  surgical site complications, and biologic 
material, a costly alternative with questionable durability. 

Methods

Full-text articles published in English between January 1990 and June 2015 reporting on repair 
of  potentially contaminated and contaminated hernias with 25 or more eligible patients were 
included. Surgical site complications and hernia recurrence rates were evaluated per degree 
of  contamination and mesh type (biologic versus synthetic) by calculating pooled proportions. 

Results

A total of  32 studies were identified, with only one prospective observational study. Fifteen 
studies solely described hernia repair with biologic mesh, 6 the use of  a non-absorbable 
synthetic mesh and 11 described various techniques and mesh types. Analysis of  potentially 
contaminated defects separately showed comparable surgical site complication rates, and a 
hernia recurrence rate of  9 per cent for biologic and 10 per cent for synthetic repair. Biologic 
mesh repair of  contaminated defects showed considerable higher rates of  surgical site 
complications and a hernia recurrence rate of  30 per cent. As only one study on synthetic 
repair of  predominantly contaminated hernias was included, no comparison with biologics for 
this degree of  contamination could be made.

Conclusions

Available low-level evidence shows no benefit of  biologic over synthetic mesh for repair of  
potentially contaminated hernias, but as head-to-head comparisons are lacking all studies are 
likely influenced by selection bias. Lack of  evidence hampers surgical decision making in the 
approach of  contaminated abdominal wall defects since all but one study used biologic meshes 
in contaminated fields.
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INTRODUCTION

A defect or hernia of  the abdominal wall is a frequently encountered surgical problem, with 
approximately 10 000 incisional hernia repairs being performed in the United Kingdom  
each year.1 

It is currently accepted that only very small hernias are eligible for simple suture repair 
while all others should preferably undergo mesh repair to reduce recurrence rates.2 Potential 
or certain contamination of  the surgical wound, however, poses a dilemma as the use of  
non-absorbable synthetic material is historically considered contraindicated given the risk 
of  postoperative infectious complications and need for mesh removal. The introduction of  
biologic meshes has provided an alternative. Derived from biologic material, these meshes 
theoretically incorporate into native tissue and possess the ability to resist infection. 

Multiple reports on the use of  biologic mesh in abdominal wall repair have been made. 
The Ventral Hernia Working Group (VHWG) has recommended its use for the repair of  
potentially contaminated and contaminated hernias in 2010.3 Furthermore, a potential 
advantage of  biologic over synthetic material was even suggested for patients at high risk of  
developing surgical site complications. More recently, however, enthusiasm for biologic mesh 
in abdominal wall repair has somewhat damped.4;5 The recommendations of  the VHWG 
were mainly based on expert opinion and not on high quality evidence, and there is still a 
lack of  consensus among surgeons regarding the appropriate indications for biological mesh 
use.6-8 Especially the durability of  biologic mesh repair is subject of  debate.9 Furthermore, 
the assumed drawback of  synthetic material in contaminated fields has become less rigid as 
several authors have proclaimed safe usage, particularly employing new light-weight synthe- 
tic meshes.10

The aim of  this review was to critically assess available literature on (potentially) con-
taminated hernia repair, and to evaluate whether biologic mesh, with the assumed ability to 
resist infection, enables a durable method of  repair and whether synthetic mesh offers a safe 
treatment option.

METHODS

This systematic review and meta-analysis was conducted according to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRIMA) guideline.11

Literature search 

To identify relevant articles a systematic electronic search was conducted in the following 
databases: MEDLINE, Embase and the Cochrane Central Register of  Controlled Trials 
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(CENTRAL). For each database a search strategy was constructed by using a combination 
of  medical subject headings (MESH) and free-text terms related to repair of  abdominal 
wall hernias and the presence of  contamination. No search terms with regard to surgical 
techniques or mesh types were used to ensure finding all reports with use of  every possible 
technique or mesh. Two independent reviewers assessed all identified abstracts (J.J.A and 
F.E.E.d.V). Subsequently, full-texts of  potentially relevant articles were obtained. After full text 
selection a cross-reference search was conducted to find any additional relevant articles. The 
latest literature search update was done on the first of  June 2015.

Study selection

To be included studies had to report on the single-stage repair of  abdominal wall defects 
complicated by the presence of  contamination. Contamination was considered present when 
the defects were classified as clean-contaminated (class II), contaminated (class IIII) or dirty-
infected (class IV) according to the US National Research Council Group wound classification12, 
potentially contaminated (grade III) or infected (grade IV) according to the Ventral Hernia 
Working Group (VHWG) grading system3, or contaminated (grade III) according to the 
modified VHWG grading system13. Repairs were also considered contaminated when 
synchronous enteric fistula takedown, infected synthetic mesh removal or concomitant bowel 
surgery was performed. Merely describing defects as ‘complicated’ or ‘complex’ in a study was 
insufficient since multiple definitions exist.14 Reports on parastomal hernia repair, stoma site 
closure, burst abdomen repair, early repair of  open abdomens (delayed fascial closure within 
initial admission) and prophylactic mesh insertion were not eligible for inclusion. Studies on 
the surgical repair of  enteric fistula were only included if  data on abdominal wall defect and 
repair was specifically given. If  studies described various types of  abdominal wall defects, i.e. 
both clean and contaminated, data on patients fulfilling the aforementioned inclusion criteria 
were derived separately. If  this was not possible, studies were only included if  the majority 
(≥75 per cent) of  the described patients fulfilled the inclusion criteria. Only studies published 
after 1990 in English with a full-text available (no conference abstracts) were considered for 
inclusion. Furthermore, studies had to encompass 25 patients or more. If  multiple studies 
reported on the same patient population, or showed significant overlap, the most relevant 
study was included. In case of  indistinctness regarding overlap or duplicate study populations, 
corresponding authors were contacted. 

Data extraction

The following data were extracted using a preformatted datasheet: year of  publication, study 
period, study design and number of  patients. Patient and hernia characteristics that were 
extracted included: age, gender, body mass index (BMI), defect size, and details regarding 
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contamination. The following surgical characteristics were extracted: setting (acute or elective), 
surgical approach (open or laparoscopic), type and method of  component separation (anterior 
or posterior and open or endoscopic), type of  mesh, mesh position and whether or not primary 
fascial closure was achieved. Different types of  mesh were broadly classified into synthetic or 
biologic. Synthetic meshes were further subdivided into absorbable or non-absorbable. Non-
absorbable meshes were categorized based on their material; polypropylene (lightweight or 
heavyweight when specified), polyester, polyethylene and polytetrafluoroethylene (expanded 
or non-expanded when specified).15 If  synthetic meshes were coated (i.e. composite mesh) this 
was additionally reported. Biologic meshes were categorized based on their source (human, 
porcine or bovine), material (dermis, submucosa) and whether or not they were chemically 
cross-linked. Mesh positions were categorised as onlay, inlay, retro-rectus, intra-peritoneal 
onlay (IPOM), and underlay when it was unclear if  a mesh was placed retro-rectus or 
IPOM. Relevant outcome variables were length of  follow-up and the number of  surgical site 
complications including wound infection (superficial and deep), seroma, postoperative enteric 
fistula and overall surgical site complication rate. Rate of  mesh removal and hernia recurrence 
rate was also extracted. If  studies reported on different surgical techniques or mesh types 
separately, outcome data was extracted and reported per technique if  subgroups consisted of  
25 patients or more. If  different mesh types were used as part of  a treatment algorithm only 
overall data was used.

Quality assessment

The methodological quality of  the included studies was assessed with use of  a tool based on 
The Cochrane Collaboration’s tool for assessing risk of  bias (Appendix 1).16 The first two items 
of  the original Cochrane tool (sequence generation and allocation concealment) were replaced 
with items addressing inclusion criteria and selection criteria for the used surgical techniques 
and meshes, as randomized controlled trials were lacking. Whether or not outcomes of  the 
individual studies were defined based on specific criteria was additionally assessed. Finally, any 
industry funding or other declared conflict of  interest was evaluated.

Statistical analysis

Outcome data of  the included studies were pooled and evaluated per mesh type (synthetic and 
biologic) and degree of  contamination (clean-contaminated or potentially contaminated and 
contaminated or infected). Studies describing synchronous bowel resection were classified as 
potentially contaminated, whereas studies on simultaneous fistula takedown were categorised 
as contaminated. If  studies described both clean-contaminated and contaminated repairs, the 
degree of  contamination of  the majority of  repairs determined in which category a study was 
analysed. For the analysis of  hernia recurrences, only studies with a mean or median follow-
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up of  at least one year were analysed. Hernia recurrence rates of  studies with a reported 
primary fascial closure rate of  less than 75 per cent were analysed and reported separately. 
Pooled weighted proportions with corresponding 95 per cent confidence intervals (CI) were 
calculated with use of  an inverse variance method (random-effects model) in R statistical 
software. Heterogeneity of  the included studies was evaluated by calculating the I2

 statistic. 

RESULTS

The literature search identified a total of  5623 abstracts (Fig. 1). After removal of  duplicates 
and screening of  titles and abstracts, 362 were obtained as full-text article. A total of  32 studies 
fulfilled the inclusion criteria and were included in this review. The majority of  the articles 
that were excluded based on full-text lacked information on the level of  contamination of  
the described hernia repairs, or included less than 75 per cent patients fulfilling the inclusion 
criteria and did not report data on eligible patients separately. 

Study characteristics and quality assessment

The included studies were all published between 2005 and 2015 (Table 1). Twenty studies were 
retrospective observational studies, whereas eleven studies described retrospective analyses of  
prospectively collected data9;17-26. Only one study was conducted as a prospective observational 
study27. From ten studies subgroup data on patients fulfilling the inclusion criteria was derived 
separately18;22;25;26;28-33. The remaining 22 studies comprised patients undergoing abdominal 
wall repair of  whom at least 75 per cent fulfilled the inclusion criteria. Two studies compared 
different techniques (porcine versus human derived biologic mesh and mesh versus no mesh) 
and the subgroups were included separately.34;35

All of  the included studies were at high risk of  bias or unclear on one or more items of  
the quality assessment tool (for details see Appendix 1). A clear description of  selection of  
techniques and mesh types within studies was only found in 11 studies. More than half  of  all 
studies lacked definitions on the main outcomes. Industry funding or other conflicts of  interest 
were reported in 11 studies, of  which 8 described the use of  a biologic mesh. In addition, 8 
studies were unclear on any potential conflict of  interest. 

Patients and hernia characteristics

The 32 studies included a total of  6170 patients (Table 1). Mean age ranged from 44 to 64 years 
in the individual studies. The reported mean BMI of  the described patients ranged from 24.4 
to 43.0 kg/m2. In 14 studies hernias were classified according to the US National Research 
Council Group wound classification9;17;18;20;25;27;28;30;31;34;36-39. In eight studies the grading system 
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Records after removal of duplicates
n = 4476

Records identified trough 
database screening

Medline 2919
Embase n = 2628

Central n = 75
Total n = 5622

Additional records identified 
through other sources 

n = 1

Records screened
n = 4476

Records excluded
n = 4114

Full-text articles assessed for
elegibility
n = 362

Full-text articles excluded
n = 330

Studies included in 
qualitative synthesis

n = 32

Studies included in 
quantitative synthesis

(meta-analysis)
n = 21

Figure 1 Flow diagram depicting search and study selection
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Table 1 Study and patient characteristics

Reference Year Study type

Type of 

mesh† No. of patients

Mean age in years

(± SD or range)

Wound class59 in % Hernia Grade3 in %

Specific causes of contaminationI II III IV I II III IV

Altom28 2012 Retrospective Mixed 46 (of 1495) na 0 100 0 0 - - - - -

Basta36 2014 Retrospective Biologic 37 53 (±15) 24 43 19 14 - 38‡ 62‡ na‡ -

Brahmbhatt26 2014 Retro-prospective Biologic 38 (of 77) 64 (±1.2) - - - - - 11 53 37 -

Brahmbhatt29 2014 Retrospective Synthetic 27 (of 201) 58 (39-72) - - - - 0 0 100 0 -

Carbonell17 2013 Retro-prospective Synthetic 100 60 (±13) 0 42 58 0 - - - - -

Chan41 2014 Retrospective Synthetic 45 50.7 (28-68) - - - - - - - - 36 (80%) BR

Choi18 2012 Retro-prospective Mixed 3901 (of 33832) na 0 99 1 0 - - - - -

Connolly19 2008 Retro-prospective Mixed 61 mdn 50 (20-60) - - - - - - - - 63 (100%) EFT

Diaz Jr.37 2009 Retrospective Biologic 240 52.2 (±15.0) 21 47 20 12 - - - - -

El-Gazzaz45 2013 Retrospective Mixed 25 50.8 (±12.7) - - - - - - - - 25 (100%) BR and/or EFT

El-Gazzaz46 2012 Retrospective Synthetic 40 61 (±12.5) - - - - - - - - 40 (100%) BR

Garvey25 2014 Retro-prospective Biologic 188 (of 359) 60.2 (±12.1) 0 100 0 0 - - - - -

Guerra40 2014 Retrospective Biologic 44 57.5 (34-80) - - - - 0 20 56 24 -

Han3;23 2014 Retro-prospective Biologic 63 mdn 57 (IQR 46-67) - - - - 0 0 79 21 -

Helton30 2005 Retrospective Biologic 31 (of 53) na 0 39 3 58 - - - - -

Iacco34 2014 Retrospective
Biologic 124 61.9 (±13.7) 18 21 58 3 - - - - -

Biologic 127 61.3 (±14.6) 17 17 51 14 - - - - -

Ion31 2013 Retrospective Synthetic 56 (of 488) 62.3 (44-78) 0 100 0 0 - - - - -

Itani27 2012 Prospective Biologic 80 52 (±14) 0 49 49 3 0 0 75 25 -

Kim20 2006 Retro-prospective Biologic 29 54  (19–87) 17 45 3 34 - - - - -

Krpata21 2013 Retro-prospective Biologic 37 58.6 (±14.3) - - - - - - - - 37 (100.0%) EFT

Le22 2013 Retro-prospective Mixed 171 (of 564) na - - - - 0 0 75 25 -

Liu43 2009 Retrospective Other 41 44 (17-69) - - - - - - - - 41 (100%) EFT

Pinell-White32 2014 Retrospective Biologic 32 (of 82) 53.7 - - - - - - - - 32 (100%) BR

Praveen42 2012 Retrospective Synthetic 36 (29-66) - - - - - - - - 36 (100.0%) BR

Rosen9 2013 Retro-prospective Biologic 128 58.2 (±13.5) 0 34 39 27 - - - - -

Sbitany24 2013 Retro-prospective Biologic 41 52.4 (±10.2) - - - - 0 0 88 12 -

Shah38 2011 Retrospective Biologic 58 57.2 16 60 12 12 - - - - -

Slater44 2015 Retrospective Synthetic 39 61.2 (30-81) - - - - - - - - 39 (100%) EFT

Van Geffen39 2005 Retrospective Synthetic 26 49 (30-74) 0 0 85 15 - - - - -

Wind47 2009 Retrospective Synthetic 32 mdn 43 (19-78) - - - - - - - - 32 (100%) EFT and/or ST

Won33 2015 Retrospective Unclear 49 (of 136) 57.2 - - - - 0 0 84 16 -

Xourafas35 2010 Retrospective Mixed 51 59 (17-93) - - - - - - - - 51 (100%) BR

None 126 61 (30-89) - - - - - - - - 126 (100%) BR

SD = standard deviation, na = not available, mdn = median, BR = bowel resection, EFT = enteric fistula takedown, 

ST = stoma takedown. †Type of mesh used for all or a portion of included patients; details are given in Table 2,3 

and 4. ‡According to the modified VHWG grading system13
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according to the VHWG was used22-24;26;27;29;33;40, whereas one study used the modified grading 
scale36. Eleven studies fulfilling the inclusion criteria of  this review described specific causes of  
contamination; two studies described hernia repair with simultaneous bariatric surgery41;42, four 
studies reported on enteric fistula takedown with abdominal wall repair19;21;43;44, and five studies 
described hernia repair with concomitant bowel resections for various indications32;35;45-47.

Surgical techniques and characteristics

Fifteen studies described hernia repair with biologic mesh in all patients9;20;21;23-27;30;32;34;36-38;40 
(Table 2). Of  these, eight used one specific type of  biologic mesh; non-cross-linked porcine 
dermis (StratticeTM)24;27;40 (3), non-cross-linked human dermis (Alloderm® and Ruinuo®)20;23;37 
(3), non-cross-linked porcine intestinal (Surgisis® Gold)30 (1) and a porcine dermal mesh of  
unknown type26 (1). The study by Iacco et al. compared two groups of  patients who underwent 
repair with either a cross-linked porcine dermal mesh (PermacolTM) or a non-cross-linked 
human dermal mesh (Alloderm®).34 Of  the studies on biologic mesh use, ten described repair 
of  clean-contaminated or potentially contaminated hernias with prospectively collected 
data in half  of  the studies. Five studies included hernia repairs with synchronous fistula or 
ostomy takedown and bowel resections,24;32;36-38 and one study selectively described repair 
of  incarcerated abdominal wall hernias.23 The other studies did not specifically describe 
the reasons of  contamination. No study reported on laparoscopic hernia repair. Five studies 
described biologic repair of  contaminated hernias.

Six studies described hernia repair with non-absorbable synthetic mesh in all pa-
tients17;29;31;41;42;46, with three studies describing the use of  a specific type of  synthetic mesh; 
lightweight polypropylene17;44, heavyweight polypropylene46or composite lightweight poly-
propylene42 (Table 3). These non-absorbable synthetic mesh studies seemed to have included 
more favourable patients, predominantly clean-contaminated areas, compared with biologic 
mesh studies in clean-contaminated or potentially contaminated hernias. Only one study 
on synthetic mesh reported on repair of  contaminated defects.17 The remaining five studies 
described clean-contaminated hernias, all with retrospectively collected data. Three of  these 
studies selectively reported on laparoscopic ventral hernia repair, with two studies describing 
hernia repair with simultaneous laparoscopic bariatric surgery,41;42 and one study reporting 
on laparoscopic hernia repair with ‘no concomitant procedures’.29 The other two studies on 
synthetic repair of  hernias classified as clean-contaminated described 40 patients undergoing 
concomitant bowel resection46, and 56 patients undergoing synchronous visceral surgery 
including hysterectomy and cholecystectomy.31 

The remaining 11 studies described various types of  mesh or techniques and were not 
included in meta-analyses (Table 4). In one study only absorbable synthetic meshes were 
used.47 Seven studies described both mesh repair and primary repair, or both synthetic and 
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biologic mesh repair19;22;28;35;39;44;45. One study described abdominal wall repair with use of  an 
autogenous pedicled demucosalized small intestinal sheet.43 In one study type of  mesh was 
unknown whereas another study only reported on the method of  repair for all patients, not 
separately for patients fulfilling the inclusion criteria of  the present review.18;33

Of  all 30 studies including patients of  whom all or a subset underwent mesh repair, 24 
gave information on mesh location. The majority (13 studies9;17;21;27;28;31;32;34;37;38;40;44;47) reported 
multiple mesh locations whereas 11 described on a specific method of  mesh placement; 
IPOM20;23;29;36;42 (5), inlay19;43 (2), onlay46 (1) or underlay (either IPOM or retro-rectus)24;25;30 (3).

Thirteen studies gave no information on whether or not primary fascial closure was ac
hieved.18;20;22;26;28-30;33;35;37;41;45;46 The other 19 studies reported on primary closure rates ranging 
from 0 to 95 per cent, with 13 studies describing a rate of  bridged repairs (no primary closure) 
of  less than 25 per cent9;17;21;23-25;27;31;39;40;42;44;47. 

Surgical site complication rates

The pooled rates of  various outcomes after repair of  clean-contaminated or potentially 
contaminated hernias are given in Fig. 2. Ten studies on biologic mesh described repair of  
predominantly clean-contaminated or potentially contaminated hernias, combining for a total 
of  807 patients.20;23-26;32;36-38;40 Pooled wound infection rate was 21 per cent (95 per cent CI 12 
to 32, I2=91 per cent). Seroma and fistula formation rates were 9 per cent (95 per cent CI 
6 to 11, I2=34 per cent) and 3 per cent (95 per cent CI 0 to 8, I2=87 per cent), respectively. 
Overall surgical site complication rate was 50 per cent (95 per cent CI 30 to 69, I2=91 per 
cent) and mesh removal rate was 2 per cent (95 per cent CI 0 to 7, I2=80 per cent). Five studies 
comprising 204 patients described the use of  a non-absorbable synthetic mesh for the repair 
of  potentially contaminated defects.29;31;41;42;46 The pooled wound infection rate was 13 per 
cent (95 per cent CI 5 to 22, I2=65 per cent). Seroma rate was 8 per cent (95 per cent CI 2 to 
42, I2=92 per cent). No studies reported on enteric fistula rate, whereas only one reported an 
overall surgical site complication rate of  44 per cent.29 Removal rate of  synthetic mesh was 1 
per cent (95 per cent CI 0 to 4, I2=0 per cent). 

Five studies on six separate patients series described the use of  a biologic mesh for the 
repair of  contaminated or infected abdominal wall defects (Fig. 3)9;21;27;30;34. Pooled wound 
infection rate was 38 per cent (95 per cent CI 26 to 47, I2=0 per cent). One study reported on 
seroma rate (28 per cent)27. Enterocutaneous fistula rate was 2 per cent (95 per cent CI 0 to 
6, I2=0 per cent). Pooled overall surgical site complication rate was 48 per cent (95 per cent 
CI 34 to 62, I2=90 per cent). Pooled mesh removal rate was 5 per cent (95 per cent CI 1 to 
14, I2=91 per cent), with the two studies on StratticeTM reporting a removal rate of  zero per 
cent.9;27 Only one study reported on the use of  non-absorbable synthetic mesh (lightweight 
polypropylene) for predominantly contaminated hernia repair.17 This study included 100 
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Table 2 Surgical characteristics and outcomes of studies describing biologic mesh repair in all patients

Reference

No. of 

repairs CS % Type of CS Type of mesh† % Mesh location %

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

 Clean-contaminated or potentially contaminated

Basta36 73 57% na 78% cross-linked porcine dermis (Permacol)

16% non-cross-linked bovine dermis (Surgimend)

5% other biologic

100% IPOM 0% 12.7 22% 8% 0% 62% 0% 19%

Brahmbhatt26 38 na - 100% porcine dermis (unknown type) na na mdn 15 (1-30)‡ na na na na 0% 0%

Diaz Jr.37 240 13% Open ACS or ‘open 

book’

100% non-cross-linked human dermis (Alloderm) 38% underlay, 37% 

inlay, 12% onlay, 13% 

underlay/onlay, 1% 

unknown

na 317 (±269, 

9-1161) days

40% 13% 12% na na 17%

Garvey25 188 76% na 50% non-cross-linked porcine dermis (Strattice)

37% non-cross-linked bovine dermis (Surgimend)

9% non-cross-linked human dermis (Alloderm)

100% underlay 90% 26.4 (±18.8) 14% 7% 2% 29% 1% 10%

Guerra40 45 96% na 100% non-cross-linked porcine dermis (Strattice) 87% IPOM, 13% retro-

rectus

89% 17 (mdn 12, 

range 1-48) 

9% 11% na na na 9%

Han3;23 63 25% Open ACS 100% non-cross human dermis (Ruinuo) 100% IPOM 100% mdn 43 (24-69) 2% 5% 0% na na 16%

Kim20 29 100% Open ACS 100% non-cross-linked human dermis (Alloderm) 100% IPOM na 182 (10-491) 

days

41% 0% 0% 45% 0% 11%

Pinell-

White32

32 56% na 50% non-cross-linked human dermis (Alloderm)

41% non-cross-linked porcine dermis (Strattice)

9% other biologic

88% underlay, 12% 

onlay

47% 20 28% 9% 3% 66% na 28%

Sbitany24 41 95% Open ACS 100% non-cross-linked porcine dermis (Strattice) 100% underlay 95% 25 15% 7% na na 0% 12%

Shah38 58 19% Open/endo ACS 50% non-cross-linked human dermis (Alloderm)

28% non-cross-linked porcine intestinal (Surgisis)

14% non-cross-linked porcine dermis (Strattice)

9% cross-linked porcine dermis (60% Permacol, 

40% Collamend)

17% onlay, 36% IPOM, 

47% ‘bridging’ 

53% 12 35% 9% na na 17% 28%

 Contaminated or infected

Helton30 31 na - 100% non-cross-linked porcine intestinal 

(Surgisis Gold)

100% underlay na mdn 14 (range 

2-29)‡

na na na na 16% 26%

Iacco34 124 na - 100% cross-linked porcine dermis (Permacol) 57% inlay, 39% IPOM, 

5% onlay

43% mdn 26 (12–44) na na na 48% 11% 32%

127 na - 100% non-cross-linked human dermis (Alloderm) 74% inlay, 25% IPOM, 

1% onlay

26% mdn 18 (range 

7–38)

na na na 30% 9% 47%

Itani27 80 65% na 100% non-cross-linked porcine dermis (Strattice) 60% IPOM, 36% retro-

rectus, 4% onlay

80% ≥24 35% 28% 1% 66% 0% 28%
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Table 2 Surgical characteristics and outcomes of studies describing biologic mesh repair in all patients

Reference

No. of 

repairs CS % Type of CS Type of mesh† % Mesh location %

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

 Clean-contaminated or potentially contaminated

Basta36 73 57% na 78% cross-linked porcine dermis (Permacol)

16% non-cross-linked bovine dermis (Surgimend)

5% other biologic

100% IPOM 0% 12.7 22% 8% 0% 62% 0% 19%

Brahmbhatt26 38 na - 100% porcine dermis (unknown type) na na mdn 15 (1-30)‡ na na na na 0% 0%

Diaz Jr.37 240 13% Open ACS or ‘open 

book’

100% non-cross-linked human dermis (Alloderm) 38% underlay, 37% 

inlay, 12% onlay, 13% 

underlay/onlay, 1% 

unknown

na 317 (±269, 

9-1161) days

40% 13% 12% na na 17%

Garvey25 188 76% na 50% non-cross-linked porcine dermis (Strattice)

37% non-cross-linked bovine dermis (Surgimend)

9% non-cross-linked human dermis (Alloderm)

100% underlay 90% 26.4 (±18.8) 14% 7% 2% 29% 1% 10%

Guerra40 45 96% na 100% non-cross-linked porcine dermis (Strattice) 87% IPOM, 13% retro-

rectus

89% 17 (mdn 12, 

range 1-48) 

9% 11% na na na 9%

Han3;23 63 25% Open ACS 100% non-cross human dermis (Ruinuo) 100% IPOM 100% mdn 43 (24-69) 2% 5% 0% na na 16%

Kim20 29 100% Open ACS 100% non-cross-linked human dermis (Alloderm) 100% IPOM na 182 (10-491) 

days

41% 0% 0% 45% 0% 11%

Pinell-

White32

32 56% na 50% non-cross-linked human dermis (Alloderm)

41% non-cross-linked porcine dermis (Strattice)

9% other biologic

88% underlay, 12% 

onlay

47% 20 28% 9% 3% 66% na 28%

Sbitany24 41 95% Open ACS 100% non-cross-linked porcine dermis (Strattice) 100% underlay 95% 25 15% 7% na na 0% 12%

Shah38 58 19% Open/endo ACS 50% non-cross-linked human dermis (Alloderm)

28% non-cross-linked porcine intestinal (Surgisis)

14% non-cross-linked porcine dermis (Strattice)

9% cross-linked porcine dermis (60% Permacol, 

40% Collamend)

17% onlay, 36% IPOM, 

47% ‘bridging’ 

53% 12 35% 9% na na 17% 28%

 Contaminated or infected

Helton30 31 na - 100% non-cross-linked porcine intestinal 

(Surgisis Gold)

100% underlay na mdn 14 (range 

2-29)‡

na na na na 16% 26%

Iacco34 124 na - 100% cross-linked porcine dermis (Permacol) 57% inlay, 39% IPOM, 

5% onlay

43% mdn 26 (12–44) na na na 48% 11% 32%

127 na - 100% non-cross-linked human dermis (Alloderm) 74% inlay, 25% IPOM, 

1% onlay

26% mdn 18 (range 

7–38)

na na na 30% 9% 47%

Itani27 80 65% na 100% non-cross-linked porcine dermis (Strattice) 60% IPOM, 36% retro-

rectus, 4% onlay

80% ≥24 35% 28% 1% 66% 0% 28%
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Reference

No. of 

repairs CS % Type of CS Type of mesh† % Mesh location %

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

Krpata21 37* 95% Open/endo ACS 

or PCS

78% non-cross-linked porcine dermis 

(96% Strattice, 4% Xenmatrix)

22% non-cross-linked human dermis (Alloderm)

53% retro-rectus, 42% 

IPOM, 6% ‘sandwiched’

89% 20 (3-73) 43% na 3% na na 32%

Rosen9 128 70%
Open/endo ACS 

or PCS

83% non-cross-linked porcine dermis 

(96% Strattice , 4% Xenmatrix)

13% non-cross-linked human dermis (Alloderm)

3% non-cross-linked porcine intestinal 

(Biodesign)

3% ‘BioA’

32% IPOM, 66% 

retro-rectus, 2% 

onlay+underlay, 1% 

onlay

94%
21.7 (±15.9, 

1-73.8)
na na na 48% 0% 31%

CS = component separation, SD = standard deviation, EF = enteric fistula, SSO = surgical site occurrence, HR 

=hernia recurrence, ACS = anterior component separation, PCS = posterior component separation, endo = 

endoscopic. †Manufacturer details are given in Appendix 2, ‡For all included patients in this study, *one patient 

did not undergo biologic mesh repair

Table 3 Surgical characteristics and outcomes of studies describing non-absorbable synthetic mesh 
repair in all patients

Reference

No. of 

repairs

CS 

% Type of CS

Type of mesh

% Mesh location %

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

 Clean-contaminated or potentially contaminated 

Brahmbhatt29 27 na - 55% polypropylene

33% polyethylene 

15% PTFE

100% IPOM na Mdn 20 (7-133) 19% 22% na 44% na 19%

Chan41 45 na - 62% coated polypropylene

38% expanded PTFE

na na Mdn 13 4% na na na 0% 0%

El-Gazzaz46 40 na - 100% heavyweight polypropylene 100% onlay na Mdn 3 (IQR 1.8-

4.6) years

23% na na na 3% 40%

Ion31 56 na - 100% polypropylene or composite expanded 

PTFE

89% retro-rectus, 

11% inlay

89% na 7% na na na na na

Praveen42 36 na - 100% composite lightweight polypropylene 100% IPOM 92% 13.1 (2-31) na na na na 0% 0%

 Contaminated or infected

Carbonell17 100 49% PCS or ACS 100% lightweight polypropylene 94% retro-rectus, 

5% IPOM, 1% onlay

91% 10.8 (±9.9) 11% 5% 1% 31% 4% 7%

CS = component separation, EF = enteric fistula, SSO = surgical site occurrence, HR =hernia recurrence, ACS = 

anterior component separation, PCS = posterior component separation, endo = endoscopic

Table 2 Continued
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Reference

No. of 

repairs CS % Type of CS Type of mesh† % Mesh location %

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

Krpata21 37* 95% Open/endo ACS 

or PCS

78% non-cross-linked porcine dermis 

(96% Strattice, 4% Xenmatrix)

22% non-cross-linked human dermis (Alloderm)

53% retro-rectus, 42% 

IPOM, 6% ‘sandwiched’

89% 20 (3-73) 43% na 3% na na 32%

Rosen9 128 70%
Open/endo ACS 

or PCS

83% non-cross-linked porcine dermis 

(96% Strattice , 4% Xenmatrix)

13% non-cross-linked human dermis (Alloderm)

3% non-cross-linked porcine intestinal 

(Biodesign)

3% ‘BioA’

32% IPOM, 66% 

retro-rectus, 2% 

onlay+underlay, 1% 

onlay

94%
21.7 (±15.9, 

1-73.8)
na na na 48% 0% 31%

CS = component separation, SD = standard deviation, EF = enteric fistula, SSO = surgical site occurrence, HR 

=hernia recurrence, ACS = anterior component separation, PCS = posterior component separation, endo = 

endoscopic. †Manufacturer details are given in Appendix 2, ‡For all included patients in this study, *one patient 

did not undergo biologic mesh repair

Table 3 Surgical characteristics and outcomes of studies describing non-absorbable synthetic mesh 
repair in all patients

Reference

No. of 

repairs

CS 

% Type of CS

Type of mesh

% Mesh location %

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

 Clean-contaminated or potentially contaminated 

Brahmbhatt29 27 na - 55% polypropylene

33% polyethylene 

15% PTFE

100% IPOM na Mdn 20 (7-133) 19% 22% na 44% na 19%

Chan41 45 na - 62% coated polypropylene

38% expanded PTFE

na na Mdn 13 4% na na na 0% 0%

El-Gazzaz46 40 na - 100% heavyweight polypropylene 100% onlay na Mdn 3 (IQR 1.8-

4.6) years

23% na na na 3% 40%

Ion31 56 na - 100% polypropylene or composite expanded 

PTFE

89% retro-rectus, 

11% inlay

89% na 7% na na na na na

Praveen42 36 na - 100% composite lightweight polypropylene 100% IPOM 92% 13.1 (2-31) na na na na 0% 0%

 Contaminated or infected

Carbonell17 100 49% PCS or ACS 100% lightweight polypropylene 94% retro-rectus, 

5% IPOM, 1% onlay

91% 10.8 (±9.9) 11% 5% 1% 31% 4% 7%

CS = component separation, EF = enteric fistula, SSO = surgical site occurrence, HR =hernia recurrence, ACS = 

anterior component separation, PCS = posterior component separation, endo = endoscopic
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Table 4 Surgical characteristics and outcomes of studies describing various types of mesh or 
techniques

Reference

No. of 

repairs

CS 

% Type of CS

Mesh 

used% Type of mesh % † Mesh location % †

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

Altom28 46 na - 33% 53% polypropylene 

40% absorbable

7% expanded PTFE

73% ‘overlay/interlay’, 

27% underlay

na Mdn 69.3 (19.1-

98.3)

13% na 4% na 20% 35%

Choi18 3901 na - 100% - - na ≥ 30 days 10% na na na na na

Connolly19 63 na - 46% 48% absorbable

41% cross-linked porcine dermis (Permacol)

10% composite lightweight polypropylene

100% inlay 54% Mdn 29 (16-84) 27% na 22% na na 29%

El-Gazzaz45 25 0% na 100% 40% porcine dermal (unknown type)

32% polypropylene

28% PTFE 

na na 32.9 (±38.2) 44% na na na 8% 36%

Le22 171 na - 44% 91% biologic

9% synthetic

na na ≥12 32% 10% 8% 18% na 11%

Liu43 41 na - 100% 100% ‘autogenous pedicled demucosalized 

small intestinal sheet ‘

100% inlay 0% ≥24 0% na 0% na na 0%

Slater44 39 87% Open ACS 33% 100% lightweight polypropylene 77% retro-rectus, 15% 

IPOM, 8% unknown

90% 62.7 (36-130) 18% 5% 5% 46% 3% 31%

Van Geffen39 26 100% Open ACS 15% 100% polyester na 85% 27 (13-78) 19% 12% 12% na na 8%

Wind47 32 100% Open ACS 56% 100% absorbable 72% onlay, 28% 

‘bridging’

84% 20 (3-54) 22% na 13% na na 25%

Won33 49 na - na na - na 90 days 16% 10% na 37% na 2%

Xourafas35 51 na - 100% 75% polypropylene

8% non-cross-linked human dermis (Alloderm)

8% absorbable 

2% non-cross-linked porcine intestinal (Surgisis)

2% PTFE

2% polyester

2% xerophyllum

2% unknown

na na 21 (mdn 7) 22% 4% 14% na 14% 22%

156 na - 0% - na na 23 (mdn 7) 5% 1% 6% na na 24%

CS = component separation, EF = enteric fistula, SSO = surgical site occurrence, HR =hernia recurrence, ACS = 

anterior component separation, PCS = posterior component separation, endo = endoscopic. † Within all mesh
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Table 4 Surgical characteristics and outcomes of studies describing various types of mesh or 
techniques

Reference

No. of 

repairs

CS 

% Type of CS

Mesh 

used% Type of mesh % † Mesh location % †

Fascial 

closure 

%

Mean follow-up 

in months (±SD 

or range)

Wound 

infection

%

Seroma

%

EF

%

SSO

%

Mesh 

removal†

%

HR

%

Altom28 46 na - 33% 53% polypropylene 

40% absorbable

7% expanded PTFE

73% ‘overlay/interlay’, 

27% underlay

na Mdn 69.3 (19.1-

98.3)

13% na 4% na 20% 35%

Choi18 3901 na - 100% - - na ≥ 30 days 10% na na na na na

Connolly19 63 na - 46% 48% absorbable

41% cross-linked porcine dermis (Permacol)

10% composite lightweight polypropylene

100% inlay 54% Mdn 29 (16-84) 27% na 22% na na 29%

El-Gazzaz45 25 0% na 100% 40% porcine dermal (unknown type)

32% polypropylene

28% PTFE 

na na 32.9 (±38.2) 44% na na na 8% 36%

Le22 171 na - 44% 91% biologic

9% synthetic

na na ≥12 32% 10% 8% 18% na 11%

Liu43 41 na - 100% 100% ‘autogenous pedicled demucosalized 

small intestinal sheet ‘

100% inlay 0% ≥24 0% na 0% na na 0%

Slater44 39 87% Open ACS 33% 100% lightweight polypropylene 77% retro-rectus, 15% 

IPOM, 8% unknown

90% 62.7 (36-130) 18% 5% 5% 46% 3% 31%

Van Geffen39 26 100% Open ACS 15% 100% polyester na 85% 27 (13-78) 19% 12% 12% na na 8%

Wind47 32 100% Open ACS 56% 100% absorbable 72% onlay, 28% 

‘bridging’

84% 20 (3-54) 22% na 13% na na 25%

Won33 49 na - na na - na 90 days 16% 10% na 37% na 2%

Xourafas35 51 na - 100% 75% polypropylene

8% non-cross-linked human dermis (Alloderm)

8% absorbable 

2% non-cross-linked porcine intestinal (Surgisis)

2% PTFE

2% polyester

2% xerophyllum

2% unknown

na na 21 (mdn 7) 22% 4% 14% na 14% 22%

156 na - 0% - na na 23 (mdn 7) 5% 1% 6% na na 24%

CS = component separation, EF = enteric fistula, SSO = surgical site occurrence, HR =hernia recurrence, ACS = 

anterior component separation, PCS = posterior component separation, endo = endoscopic. † Within all mesh
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patients and described a wound infection and overall surgical site complication rate of  11 and 
31 per cent, respectively. Fistula were seen in 1 per cent of  patients and 4 per cent patients 
needed to undergo mesh removal.

As only one study selectively described the use of  a cross-linked biologic mesh (in a 
subset of  patients)34, comparisons of  cross-linked versus non-cross-linked biologic meshes were 
deemed not appropriate.

Hernia recurrence rates

Pooled rates of  hernia recurrence for studies with a minimal follow-up of  one year and with a 
reported primary fascial closure rate of  more than 75 per cent are depicted in Fig. 2. 

Five studies on biologic mesh repair of  potentially contaminated defects combined for a 
hernia recurrence rate of  9 per cent (95 per cent CI 5 to 16, I2=66 per cent), with mean follow-
up ranging from 15 to 43 months.23-26;40 Four studies enabled pooling of  hernia recurrence 
rates after synthetic mesh repair of  potentially contaminated defects.29;41;42;46 The studies had a 
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Figure 2 Repair of clean-contaminated or potentially contaminated hernias with biologic or 
synthetic mesh

Figure 3 Repair of contaminated or infected hernias with biologic mesh
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mean follow-up ranging from 13 to 20 months and showed a pooled recurrence rate of  10 per 
cent (95 per cent CI 0 to 35, I2=93 per cent). 

Four studies on biologic mesh use for contaminated defects met the criteria for analysis 
of  recurrence rates, with approximately 75 per cent of  patients undergoing StratticeTM mesh 
repair.9;21;27;30 Mean follow-up ranged from 14 months to more than 24 months. The pooled 
hernia recurrence rate was 30 per cent (95 per cent CI 25 to 35, I2=0 per cent)(Fig. 3). The one 
study on synthetic mesh use for contaminated hernia repair had a mean follow-up of  mere 
10.8 months with a reported hernia recurrence rate of  7 per cent.17

Bridged repair are by definition associated with higher recurrence rates. No studies 
reported on synthetic mesh repair of  large potentially contaminated or contaminated defects 
needing bridged repair. Regarding studies on biologic mesh repair of  potentially contaminated 
defects, three studies included bridged repairs, with primary fascial closure rates ranging from 
0 to 53, and combined for a hernia recurrence rate of  24 per cent (95 per cent CI 18 to 31, 
I2=0 per cent).32;36;38 One study described two subgroups of  patients undergoing biologic repair 
of  contaminated defects with primary fascial closure rates of  43 and 26 per cent.34 Hernia 
recurrence rates were 32 and 47 per cent, respectively. 

DISCUSSION

This study provides an overview of  published literature on the repair of  (potentially) conta-
minated abdominal wall defects. High quality data is lacking, as only one prospective obser-
vational study was included. Available low-level evidence showed no benefit of  biologic 
over synthetic mesh for repair of  potentially contaminated hernias (9 vs. 10 per cent hernia 
recurrence rate), but as head-to-head comparisons were lacking all studies were likely influenced 
by selection bias. This might also explain why considerable higher wound infection rates were 
found for biologic repair compared to synthetic repair. Literature on contaminated or infected 
defects is dominated by studies on biologic mesh use; only one study reported on the repair 
of  predominantly contaminated hernias with use of  a lightweight synthetic mesh. Therefore, 
for contaminated cases in this systematic review, a reliable estimate only could be made for 
biologic repair. Pooled hernia recurrence rate after biologic repair of  contaminated defects 
was 30 per cent. The absence of  comparative data hinders evaluating whether (lightweight) 
synthetic mesh offers a safe and durable alternative for the repair of  contaminated defects.

Several previous attempts have been made to systematically summarize the available 
evidence on ventral hernia repair using biologic meshes.48-50 However, these reviews focused 
on the material being used and included studies describing patients with hernias classified 
as clean. As previously stressed, the efficacy of  techniques and materials should always be 
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evaluated with a thorough understanding of  the specific characteristics of  each hernia.15 To 
our knowledge, there is only one previous systematic review on potentially contaminated 
and contaminated hernia repair, although evaluating available literature until April 2013.51 
Besides the fact that of  the 32 included studies in the present review 11 were published in 2014 
and 2015, several other explanations for the found differences exist. The review by Lee et al. 
included multiple studies on ventral hernia prophylaxis and stoma site closure. Smaller series 
were included, presumably reflecting less methodologically robust studies. Furthermore, they 
did not take into account primary fascial closure rates when evaluating hernia recurrence rates.

Numerous questions could not be answered by this review. Ideally, different types of  
biologic meshes are evaluated separately, as not all behave equally. Cross-linked biologic 
meshes have questionable infection susceptibility, particularly in contaminated wounds.52;53 
This is perhaps underlined by the fact that the vast majority of  studies on biologic mesh repair 
included in present review described the use of  a non-cross-linked mesh. One retrospective 
study compared a cross-linked porcine derived mesh with a non-cross-linked human derived 
mesh and showed higher surgical site complication rate following cross-linked mesh repair, 
although the hernia recurrence rate was lower.34 Given the limited amount of  available 
studies, no comparison between different types of  biologic meshes was made. Comparatively, a 
sensitivity analysis of  different types of  synthetic material was not made. Light-weight synthetic 
meshes have shown potential benefits over heavy-weight materials, making them more suitable 
for repair of  contaminated defects. The only included study in this review on the use of  
synthetic material for contaminated defect repair described the results of  a light-weight mesh 
with encouraging outcomes.17 The use of  light-weight synthetic mesh for hernia prophylaxis 
after clean-contaminated surgery emphasizes the potential of  this material.54 However, the 
durability of  light-weight meshes has also been questioned, compared to both synthetic and 
biologic material.26;55 The impact of  mesh position was also not evaluated, although it is 
known to influence outcome.56 Most included studies placed the mesh in underlay position, 
either intraperitoneally or in a retro-rectus position. However, lower hernia recurrence rates 
following biologic mesh placed in a retro-rectus position have been reported.9;57

Several limitations of  this review need to be addressed. Most importantly, the review is 
limited by the low quality of  included evidence. Only one prospective observational study was 
included while the majority of  reports were retrospective case series. All of  the included studies 
were at high risk of  bias. Furthermore, there was substantial heterogeneity among the included 
studies regarding patient demographics and surgical techniques such as the use of  component 
separation. Although commonly used classification systems for the degree of  contamination 
were reported, the validity of  these systems has been questioned.13;26 The subdivision of  
studies included in the meta-analysis forced some generalisations. As previously mentioned, 
no differences were made between different types of  biologic and synthetic meshes. Moreover, 
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for the categorisation based on contamination, the degree of  contamination of  the majority 
of  described hernias determined whether a study was labelled as ‘potentially contaminated’ 
or ‘contaminated’. This oversimplification may have caused some of  the heterogeneity among 
studies within a category of  contamination.

Given the aforementioned limitations, the results of  this review should be interpreted 
with caution since head-to-head studies of  biologic versus synthetic meshes were lacking. 
Without head-to-head comparison differences in patient characteristics and likely selection 
bias in single-type intervention studies make definite conclusions hazardous. Initial higher 
costs of  biologic material warrant selective usage, although indirect evidence suggests that 
downstream costs might be lower.58 Evidence on contaminated abdominal wall hernia repair 
is limited, with the majority of  studies describing the use of  biologic material. 

Finally, this review highlights the need for consensus on the role of  biologic mesh in 
abdominal wall. Reports on repairs in clean and clean-contaminated hernias have muddled this 
debate as an indication for biologic material in clean hernias is lacking. Although randomised 
trials are perhaps difficult to conduct, prospective studies or large registries are needed, using 
uniform definitions and criteria to describe patients, hernia and surgical characteristics. 
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Appendix 1 Critical appraisal of the included studies

Reference

Clear 

inclusion 

criteria of 

patients 

(e.g. all or 

consecutive 

patients)

Selection 

criteria for 

techniques 

and meshes 

within study 

population 

(e.g. treatment 

algorithm)

Definition 

of outcomes 

reported

Attrition bias 

(loss to follow 

-without 

reporting 

outcome- of 

more than 

10%)

Reporting 

bias†

Industry 

funding or 

other declared 

conflict of 

interest

Altom Yes No Yes Unclear No No

Basta Yes Yes Yes No No No

Brahmbhatt Unclear No No No No Yes

Brahmbhatt Unclear No Yes No No Yes

Carbonell Yes Unclear Yes No No Yes

Chan Yes No No Unclear Unclear Unclear

Choi Yes No No Unclear No No

Connolly Yes Yes 

(techniques)/

No (meshes)

Yes No No Unclear

Diaz Jr. Unclear No Yes Yes No Yes

El-Gazzaz Yes No No Unclear Unclear No

El-Gazzaz Yes Unclear No Unclear Unclear No

Garvey Yes Yes Yes No No Yes

Guerra Yes Yes No No Unclear Yes

Han Yes Yes No Unclear Unclear No

Helton Unclear No Yes No No Unclear

Iacco Yes No No Unclear No No

Ion Unclear Unclear No Unclear Unclear Unclear

Itani Yes Yes Yes No No Yes

Kim Yes Unclear No No Unclear Unclear

Krpata Unclear Yes Yes Unclear No Yes

Le Unclear No Yes No No No

Liu Unclear Unclear No No Unclear Unclear

Pinell-

White

Unclear Yes No Unclear Unclear No

Praveen Unclear Unclear No No Unclear No

Rosen Unclear Yes Yes No No Yes

Sbitany Yes Yes No No Unclear Yes

Shah Yes No No No Unclear No

Slater Yes Yes No No No Yes

Van Geffen Unclear Yes No No Unclear Unclear
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Reference

Clear 

inclusion 

criteria of 

patients 

(e.g. all or 

consecutive 

patients)

Selection 

criteria for 

techniques 

and meshes 

within study 

population 

(e.g. treatment 

algorithm)

Definition 

of outcomes 

reported

Attrition bias 

(loss to follow 

-without 

reporting 

outcome- of 

more than 

10%)

Reporting 

bias†

Industry 

funding or 

other declared 

conflict of 

interest

Wind Yes Yes No No No Unclear

Won Yes No Yes Unclear No No

Xourafas Unclear No Yes Yes No No

†Discrepancy of more than 1 in the number of outcomes described in the methods and reported in the results

Appendix 2 

Permacol (Covidien, Mansfield, MA, USA) 
Surgimend (TEI, Boston, MA, USA) 
Alloderm, Strattice (LifeCell, Branchburg, New Jersey, USA) 
Ruinuo (Qingyuanweiye Bio-Tissue Engineering, Beijing, China)
Surgisis, Surgisis Gold, Biodesign (Cook, Bloomington, IN, USA)
Xenmatrix, Collamend (Bard/Davol, Warwick, RI, USA) 
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ABSTRACT

Background

The use of  biological mesh in abdominal wall repair has shown potential but the data of  its 
application in complex cases remain sparse. Aim of  this study was to evaluate the use of  a non-
cross-linked porcine acellular dermal matrix for repair of  complex abdominal wall defects. 

Method

Observational cohort study of  all consecutive patients undergoing repair of  a complex ventral 
abdominal wall defect with use of  a biologic mesh (StratticeTM) between January 2011 and 
February 2015 at two institutions. 

Results

Eighty patients were identified, with a mean age of  59 years. Indications for complex abdominal 
wall repair included enterocutaneous fistula takedown (n=50), infected synthetic mesh removal 
(n=9), restoration of  continuity or creation of  a stoma with concomitant ventral hernia repair 
(n=12), and others (n=9). The median defect area was 143.0 cm2 (interquartile range or IQR 
70.0-256.0 cm2). All had a grade III or IV hernia. Component separation technique (CST) 
was performed in 54 of  80 patients (68 per cent). Complete fascial closure was not possible 
despite CST and biologic mesh-assisted traction (fascial bridging repair) in 20 patients (25 
per cent). In-hospital mortality was 1 per cent. Thirty-five patients (44 per cent) developed a 
wound infection. None required mesh removal. Of  76 patients with a median clinical follow-
up of  7 months (IQR 4-15) available for analysis, 10 patients (13 per cent) developed a hernia 
recurrence of  whom 3 underwent bridged repairs. Seven patients developed a postoperative 
(recurrent) fistula (9 per cent). 

Conclusion

Repair of  challenging abdominal wall defect can be done effectively with non-cross-linked 
biologic mesh and component separation technique without the need for mesh removal despite 
wound infections. 
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INTRODUCTION

While synthetic mesh repair is generally accepted as the preferred treatment strategy for 
clean defects, the use of  synthetic material is frequently perceived as contraindicated for 
more complex cases, especially in the presence of  contamination. The introduction of  new 
techniques and prosthetics into the surgical armamentarium has provided alternatives for 
these challenging reconstructions. Component separation techniques (CST) enable repair by 
facilitating myofascial medialisation and subsequent primary fascial closure.1 Reinforcement 
with a mesh still seems warranted due to high hernia recurrence rates with CST only, and is 
essential for bridging repair if  CST does not enable primary fascial closure.2

The development of  biologic prosthetics has provided new meshes which have the 
potential to integrate into native tissue and resist infection.3 Numerous biologic prostheses 
have been developed using human or animal source material and different processing 
techniques such as collagen cross-linking. There have been multiple studies reporting their 
use in abdominal wall repair.4-7 A few recent studies have highlighted some drawbacks and 
shortcomings of  the use of  biologic mesh in abdominal wall repair.8;9;9 There is no general 
agreement on the indications of  use, and the cost-effectiveness of  these meshes can be brought 
into question.10 Most authors advocate for the use of  biologic mesh in “difficult” situations. 
However, no consensus exists on a definition of  a difficult or complex hernia.11 The utility of  
biological meshes in a contaminated field is difficult to determine from the existing literature as 
most studies included simple or clean hernias. 6;12-15. There remain some concern about the use 
of  cross-linked mesh in contaminated areas.16-19 As not all biological meshes behave equally, 
each needs individual evaluation.20;21

The aim of  this study was to evaluate the results of  abdominal wall repair with use of  
a single biologic mesh (non-cross-linked porcine dermal matrix) in a homogeneous series of  
patients with a major complex abdominal wall defect. 

METHODS

All consecutive patients undergoing elective repair of  a ventral abdominal wall defect 
with use of  a non-cross-linked biologic mesh (Strattice Reconstructive Tissue MatrixTM, 
LifeCell, Branchburg, New Jersey, USA) between January 2011 and February 2015 at the 
Academic Medical Centre (Amsterdam, The Netherlands) and St. Marks Hospital (London, 
United Kingdom), two established European intestinal failure centres, were included in this 
observational cohort study. In both centres, a biologic mesh was used only in patients with 
contaminated abdominal wall defects. The definite decision to include a biologic mesh in the 
repair was made intraoperatively and was left to the discretion of  the surgeon. 
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Data collection, variables and definitions 

Eligible patients were identified from an administrative surgical registry in both centres and 
in the Academic Medical Centre Amsterdam from a prospective database of  patients with 
intestinal failure and complex abdominal wall defects. Data was gathered retrospectively from 
medical records and included patient characteristics, abdominal wall defect characteristics, 
surgical details, postoperative morbidity and outcome. The abdominal wall defects were graded 
according to the Ventral Hernia Working Group (VHWG) grading system.13 Additionally, 
hernias were assigned to one of  three severity classes (minor, moderate and major complex) 
described by an expert consensus group in 2014.11 In this classification, several well-known 
criteria of  a complex abdominal wall defect are grouped by class of  severity based upon the 
requirement of  peri-operative planning, the expected risk of  complications and costs. Hernia 
size was calculated based on the maximal length and width of  the fascial defect on preoperative 
imaging. Evaluation of  postoperative morbidity included all complications related to the 
index surgery. Postoperative wound infections were divided into minor and major. A minor 
wound infection was defined as any infection of  the surgical wound that could be managed 
conservatively, with antibiotics or by opening at bedside, whereas a major wound infection was 
defined as any wound infection requiring percutaneous or surgical intervention. Postoperative 
morbidity was graded according to the Clavien-Dindo classification, with grade III or higher 
regarded as major complications.22 

Recurrence of  hernia and fistula were assessed clinically and/or radiologically. A ventral 
hernia recurrence was defined as an abnormal contour of  the abdominal wall with a fascial 
defect, diagnosed by physical examination and/or imaging with ultrasound or computed 
tomography (CT). Only hernias located at the site of  the inserted biologic mesh (i.e. midline) 
were considered recurrences. When primary fascial closure was achieved, an abnormal 
contour without a fascial defect was defined as bulging or laxity. An enteric fistula recurrence 
was defined as any defect of  the abdominal wall with apparent enteric output, if  necessary 
confirmed by imaging (CT or contrast-radiography).

Extended follow-up was carried out prospectively by telephone contact. Structured 
questionnaires were used to systematically evaluate possible hernia and/or fistula recurrence. 
Patients with symptoms suggestive of  recurrence were encouraged to return to the outpatient 
clinic for further clinical evaluation. Only patients operated at the Academic Medical Centre 
were considered for telephone follow-up given the restrictions of  the ethical approval.

Surgical strategy 

The prerequisites for consideration for reconstructive surgery were resolution of  abdominal 
sepsis and optimised nutritional status with use of  enteral or parenteral nutritional support. 
Generally, surgery was delayed for a period of  6 months after the last abdominal intervention. 
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To delineate the intra-abdominal and abdominal wall anatomy a CT was performed, 
supplemented by contrast radiography or magnetic resonance imaging if  necessary. Surgical 
procedures included complete adhesiolysis with bowel and other viscera being dissected free 
from the abdominal wall. Surgical treatment of  enteric fistula involved resection with the 
construction of  an anastomosis. In cases with infected synthetic mesh, all previously inserted 
synthetic material was removed whenever possible. In all patients, every attempt was made to 
achieve primary fascial closure. If  primary closure was not possible without undue tension, a 
component separation technique (CST) was performed, mostly by vertical transection of  the 
aponeurosis of  the external oblique muscle and separation of  the external oblique muscle from 
the internal oblique.1 If  necessary and when feasible, this was performed on both sides. Biologic 
meshes were preferably positioned as intraperitoneal sublay (IPOM) and were sutured under 
tension to distribute forces evenly and to facilitate primary fascial closure (Fig. 1). Alternatively, 
meshes were placed as onlay, inlay or in a retro-rectus position depending on the quality of  
fascia and available space for mesh placement. In some cases, soft tissue closure was carried 
out with a plastic surgeon. Postoperatively, patients were instructed to use a hernia belt for the 
first three months during mobilisation. 

Statistical analysis

Normally distributed continuous data were expressed as mean (standard deviation or SD), 
non-normally distributed data as median (range or interquartile range or IQR). Testing 
for normality was done with the Shapiro-Wilk test. Data handling and analyses were done 
with SPSS® software version 20.0 (IBM, Armonk, New York, USA). Outcome was reported 
overall, and for reinforced and bridged repairs separately. Continuous data were compared 
with the independent t-test or the Mann-Whitney U test; categorical data were compared with 
chi-square test or the Fisher’s exact test.

Ethical consideration

The manuscript was written in accordance with the Strengthening the Reporting of  
Observational Studies in Epidemiology (STROBE) statement. The Medical Ethics Board of  
the Amsterdam Medical Centre approved the study protocol and waived the need for infor-
med consent.



278

Chapter 12

RESULTS
Patients

A total of  80 patients underwent abdominal wall reconstruction with use of  a non-cross-linked 
StratticeTM biologic mesh during the study period. Median age of  the patients was 63 years 
(IQR 48-69 years) and 47 (59 per cent) were male. The majority of  patients (58 of  80; 73 
per cent) were referred from other hospitals. Patients had previously undergone a median 
number of  4 abdominal operations (range 1-25), and 50 per cent of  the included patients 
(40 of  80) had a history of  an open abdomen. Indications for abdominal wall reconstruction 
included enterocutaneous or enteroatmospheric fistula takedown (n=50), infected synthetic 
mesh removal (n=9), restoration of  continuity or creation of  a stoma with concomitant ventral 
hernia repair (n=12), and others (n=9). All patients had a ventral abdominal wall defect 
classified as grade III or IV according to the VHWG.13 Eighty-two per cent (71 of  80) of  the 
patients had a hernia that could be classified as a major complex abdominal wall defect.11 The 
median defect area was 143.0 cm2 (IQR 70.0-256.0 cm2), median maximal width was 11.0 cm 

(IQR 6.0-14.8 cm). Patient and abdominal wall defect characteristics are summarized in Table 
1. Patients in whom a fascial gap needed to be bridged more frequently had a stoma compared 
to patients with primary fascial closure (p=0.020). Furthermore, all patients with a grade IV 
hernia had reinforced (non-bridging) repairs (p=0.016).

Surgery

Details of  the 80 surgical procedures are given in Table 2. In 60 patients (75 per cent) 
concomitant gastrointestinal surgery was performed with the construction of  one or more 
intestinal anastomoses (median 1, range 1-4 anastomoses). Synthetic mesh was removed in 
27 (34 per cent) patients of  whom 9 had infected mesh removed. Component separation was 
performed to obtain primary closure or to minimize the remaining fascial defect in 55 patients 
(69 per cent), bilaterally in 46 patients. Biologic mesh was placed in an intraperitoneal position 
in the majority of  patients (67/80; 84 per cent). In 5 patients (6 per cent), a partly absorbable 
synthetic lightweight multifilament mesh (VyproTM, Ethicon, Norderstedt, Germany) was 
used to enhance the repair, either as onlay (3) or in a retro-rectus position (2). Primary fascial 
closure was achieved in 59 patients (74 per cent), while in 20 patients (25 per cent) the biologic 
mesh was used to bridge a fascial gap (either as intraperitoneal onlay or occasionally as inlay). 
Whether or not fascial closure was achieved was unclear in one patient. Soft tissue closure was 
accomplished in all patients, with local skin and subcutaneous tissue advancement performed 
by a plastic surgeon in 8 patients (10 per cent), and a pedicled regional flap (m. tensor fasciae 
latae) in 2 patients (3 per cent). 
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Table 1 Patient and abdominal wall defect characteristics

All 

(n=80)

Reinforced repairs 

(n=60)

Bridged repairs 

(n=20)

p value

Age in years, median (IQR) 63 (48-69) 63 (51-70) 52 (41-68) 0.083

Male gender 47 (59%) 37 (62%) 10 (50%) 0.359

ASA classification, median (range) 2 (1-3) 2 (1-3) 2 (1-3) 1.000

Body mass index in kg/m2, mean 

(±SD)

27.8 (±5.9) 26.6 (±5.8) 28.0 (±6.2) 0.796

Smoking status 18 (23%) 14 (23%) 4 (20%) 0.690

Diabetes 20 (25%) 15 (25%) 5 (25%) 1.000

Cardiac comorbidity 21 (26%) 17 (28%) 4 (20%) 0.566

Pulmonary comorbidity 17 (21%) 14 (23%) 3 (15%) 0.540

Preoperative need for parenteral 

nutrition

30 (38%) 23 (38%) 7 (35%) 1.000

Number of previous abdominal 

surgeries, median (range)

4 (1-25) 4 (1-15) 5 (1-25) 0.951

History of open abdomen 40 (50%) 29 (48%) 11 (55%) 0.169

Defect area in cm2, median (IQR) 143.0 (70.0-

256.0)

146.5 (69.0-

224.0)

88 (63.0-

297)

0.778

Defect width in cm, median (IQR) 11.0 (6.0-

14.8)

10.0 (6.0-

14.0)

8.0 (5.8-

15.3)

0.799

Stoma present 37 (46%) 23 (38%) 14 (70%) 0.020

Enterocutaneous or 

enteroatmospheric fistula

50 (63%) 40 (67%) 10 (50%) 0.182

Ventral Hernia Working Group 

grade13

I/II

III

IV

0

66

14

(0%)

(83%)

(18%)

0

46

14

(0%)

(77%)

(23%)

0

20

0

(0%)

(100%)

(0%)

0.016

Hernia complexity class11

Minor complex

Moderate complex

Major complex

0

9

71

(0%)

(11%)

(89%)

0

9

51

(0.0%)

(15%)

(85%)

0

7

13

(0%)

(35%)

(65%)

0.684

IQR = interquartile range, SD = standard deviation
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Complications

Fifty nine patients (74 per cent) developed one or more postoperative complications. Thirty six 
patients developed wound infections (45 per cent). Twenty-six patients (33 per cent) developed 
a minor wound infection, and ten patients (13 per cent) a major wound infection. Of  the 
60 patients in whom one or more intestinal anastomoses were constructed, 6 (10 per cent) 
developed anastomotic leakage. An intra-abdominal abscess was diagnosed in 12 patients (15 
per cent). The readmission rate was 28 per cent, with most readmissions being related to wound 
infections. Three patients (4 per cent) underwent a reoperation during the index admission. 
Two reoperations were performed because of  a wound infection and one patient underwent 
reoperation with an additional biologic mesh after developing a recurrent enterocutaneous 
fistula due to an anastomotic leakage within 2 weeks after the index fistula resection. No 
biologic mesh needed removal in any patient. One patient died 13 days postoperatively due 
to abdominal sepsis and multi-organ failure as a result of  an anastomotic leakage, resulting in 
an in-hospital mortality rate of  1 per cent. Compared to reinforced repairs, bridged repairs 
were associated with a longer duration of  surgery (p=0.028) and a higher rate of  postoperative 
grade III or IV complications according to Clavien-Dindo (p=0.016). The rates of  individual 
complications did not differ significantly between the two groups.

Clinical follow-up

Three patients (4 per cent) were lost to follow-up after discharge and one patient died during the 
index admission, leaving a total of  76 patients available for further analyses. Median duration 
of  clinical follow-up for these 76 patients was 7 months (IQR 4-15). Ten patients (13 per cent) 
developed a recurrent ventral hernia. Six of  these patients had primary fascial closure at initial 
abdominal wall repair whereas three patients had a remaining fascial gap despite CST. In the 
last patient with a clinical hernia recurrence, it was not clear whether or not fascial closure was 
achieved. Five of  the 10 patients remained asymptomatic; therefore their recurrent hernias 

Figure 1 Schematic illustration of a reinforced repair with a intraperitoneally placed biologic mesh 
and component separation technique to enable primary fascial closure
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Table 2 Operative details and postoperative morbidity

All 

(n=80)

Reinforced repairs 

(n=60)

Bridged repairs 

(n=20) p value

Operation time in minutes, 

median (IQR)

370 (256-

449)

355 (241-

435)

408 (351-

551)

0.028

Anastomosis constructed 60 (75%) 43 (72%) 17 (85%) 0.372

Synthetic mesh removed 27 (34%) 24 (40%) 3 (15%) 0.065

Component separation technique 

performed

55 (69%) 40 (67%) 15 (75%) 0.585

Mesh position

Unclear

Onlay

Inlay

Retro-rectus

IPOM 

2

4

3

4

67

(3%)

(5%)

(4%)

(5%)

(84%)

2

4

0

4

50

(3%)

(7%)

(0%)

(7%)

(83%)

0

0

3

0

17

(0%)

(0%)

(15%)

(0%)

(85%)

0.015

Fascial closure

Unclear

Primary fascial closure (mesh 

reinforcement)

Bridging mesh

1

59

20

(1%)

(74%)

(25%)

1

59

0

(2%)

(98%)

(0%)

0

0

20

(0%)

(0%)

(100%)

0.000

Soft tissue closure 80 (100%) 60 (100%) 20 (100%) 1.000

Any postoperative complication 59 (74%) 43 (72%) 16 (80%) 0.566

Minor wound infection 26 (33%) 20 (33%) 6 (30%) 1.000

Major wound infection 10 (13%) 7 (12%) 3 (15%) 0.705

Pneumonia 23 (29%) 17 (28%) 6 (30%) 1.000

Anastomotic leakage 6 (10%)‡ 3 (7%)‡ 3 (18%)‡ 0.338‡

Intra-abdominal abscess 12 (15%) 9 (15%) 3 (15%) 1.000

Postoperative enterocutaneous 

fistula

7 (9%) 3 (5%) 4 (20%) 0.108

Reoperation within index 

admission

3 (4%) 3 (5%) 0 (0%) 0.567

Unplanned IC admittance 16 (20%) 9 (15%) 7 (35%) 0.102

Complication of grade III or IV 

according to Clavien-Dindo22

29 (36%) 17 (28%) 12 (60%) 0.016

Length of postoperative hospital 

stay in days, median (range)

15 (4-121) 15 (4-112) 20 (7-121) 0.210

Readmission rate within 30 days 22 (28%) 16 (27%) 6 (30%) 0.772

In-hospital mortality 1 (1%) 1 (2%) 0 (0%) 1.000

IQR = interquartile range, IPOM = intraperitoneal onlay mesh, ‡ Percentage of all patients with a constructed 

intestinal anastomosis
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were not repaired. The remaining five patients with a recurrent hernia underwent surgical 
repair with use of  a biologic mesh (3), a synthetic mesh (1) or primary repair (1). Another 2 
(3 per cent) patients with initial primary fascial closure had bulging of  the abdominal wall at 
physical examination during clinical follow-up without signs of  a fascial defect. 

Of  the seven patients (9 per cent) who developed an enterocutaneous fistula postoperatively, 
six had initially undergone fistula surgery. Initial fascial closure had been achieved in 3 patients 
whereas a fascial gap had been bridged in 4. Three patients were successfully managed 
conservatively, three patients underwent surgical fistula takedown with concomitant abdominal 
wall repair and one patient is booked for surgery in the near future. 

Extended telephone follow-up

Fifty-one of  eighty patients were available for extended telephone follow-up with a median 
duration of  23 months (IQR 10-31). Seven of  these 51 had a clinically confirmed recurrent 
hernia. In addition a further 4 patients, all with initial primary closure, reported a recurrent 
abdominal wall hernia at the telephone interview. One patient is planned to undergo 
reconstructive surgery, while the remaining patients found their complaints acceptable and 
did not want to undergo repair. Recurrence rate in this group of  51 patients with additional 
extended telephone follow-up was 22 per cent (11 of  51). No patients reported additional signs 
of  fistula recurrence.  

DISCUSSION

Enteric fistula or stoma takedowns together with abdominal wall repair or the presence of  
an infected synthetic mesh are known to be associated with significant complications. This 
series demonstrated that repair of  such complex abdominal wall defects with non-cross-linked 
biologic mesh can be done safely and effectively. Removal of  the mesh was never necessary 
and the rate of  hernia recurrence was 13.2 per cent during a median clinical follow-up of   
7 months. 

The use of  biologic meshes for abdominal wall repair has been subject of  debate for 
several years.4;5;7-9;23-25 Opponents of  the use of  biologic mesh question the long-term durability 
of  biologic repairs, and emphasize the lack of  robust data and the associated high costs. 
Other authors acknowledge the potential of  biologic meshes to resist infection. The rate 
of  wound infections in our complex series of  patients was 45 per cent, which falls within 
range of  previously described rates following repair of  defects in presence of  contamination 
(35.0-47.7 per cent).25-29 Despite this high rate of  wound infections, removal of  the mesh was 
not necessary in any patient. Synthetic mesh infection is a feared complication of  the use 
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of  synthetic mesh in contaminated fields, although favourable outcomes of  synthetic mesh 
repair in the presence of  contamination are anecdotal. In a series of  one hundred patients by 
Carbonell et al. using a lightweight polypropylene synthetic mesh,30 wound infection rate was 
acceptable with only 4 meshes (4 per cent) being removed and a hernia recurrence rate of  7 
per cent with a mean follow-up of  10.8 months. As concomitant fistula was the most common 
factor complicating abdominal wall repair in the present series, comparability with the series 
of  Carbonell et al. is highly questionable. Other authors have questioned the durability of  
lightweight polypropylene mesh and its ability to tolerate contamination.31 

Present series represents a challenging patient population. Comparison of  our results 
to other series is hindered by the fact most previous reports have included patients with 
varying levels of  wound contamination, or failed to adequately describe the complexity of  
the hernias.26;32-35 A prospective multi-centre study on the use of  a non-cross-linked porcine 
dermal matrix in patients with lower complexity reported a hernia recurrence rate of  28 per 
cent after 2 years.27 A case series evaluating the results of  enterocutaneous fistula takedown 
and simultaneous abdominal wall reconstruction with use of  a biologic mesh, the vast majority 
non-cross-linked porcine derived, reported a hernia recurrence of  32 per cent after a mean 
follow-up of  20 months.36 In another study describing reconstructive surgery for intestinal 
fistula in an open abdomen, a small portion of  patients underwent cross-linked porcine 
mesh repair.29 Hernia and fistula recurrence rates were both as high as 41.7 per cent. Suture 
repair showed favourable outcomes, although selection bias was clearly present. Compared 
to literature, our results show good outcome in this challenging group of  complex patients. It 
has been demonstrated that recurrences may develop several years after reconstruction, so our 
recurrence rate is expected to rise.25 

In this study, a primary fascial closure rate of  80 per cent and an 100 per cent abdominal 
cavity closure rate was accomplished. Given that half  of  all patients had an open abdomen 
prior to definitive surgery, this was not achievable without the use of  biologic mesh achieving 
traction to the midline to close extremely large fascial defects with the combination of  CST. 
Anastomotic leakage is anticipated to be lower in a closed abdomen; this is illustrated by an 
anastomotic leakage rate of  only 10 per cent in present complex reconstruction series. In 
addition, if  leakage occurs it is easier to treat non-surgically than in an abdominal cavity that 
is not completely closed.

Bridged repairs are known to offer inferior results compared to mesh-reinforced repairs 
with midline closure.32 In our series, 20 patients (25 per cent) had a bridged repair because 
of  a remaining fascial gap despite component separation or because effective component 
separation was not possible due to rigidness or previous CST. Of  these, 3 of  20 (15 per cent) 
had a recurrent hernia at clinical follow-up compared to 6 of  60 (10 per cent) of  the patients 
with a reinforced repair. This relatively low recurrence rate is partly explained by the limited 
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follow-up. This rate is comparable to a study on 37 bridged repairs with a biologic mesh, 
reporting a recurrence rate of  18.9 per cent with a mean follow-up of  13 months.37 However, 
much higher recurrence rates have also been reported ranging from 55.6 to 88.9 per cent, 
which calls into question whether bridging a fascial gap with a biologic mesh offers advantages 
over the use of  an absorbable mesh, but is likely to differ among various biologic meshes 
manufactured with different processing techniques.32;38;39

 To date, several different biologic prostheses have been developed and used for abdominal 
wall reconstruction.5 Of  the different processing techniques, collagen cross-linking potentially 
has the greatest influence on behaviour and performance of  a biologic mesh.40 While porcine 
derived meshes were initially cross-linked to inhibit immunogenicity, this processing also 
negatively influences their ability to allow cellular infiltration and revascularization.21 Newer 
generations of  porcine derived dermal meshes, such as the one used in the present study, 
are enzymatically altered instead of  cross-linking to diminish an immune response. In animal 
studies, non-cross linked meshes have been shown to cause fewer adhesions while enabling 
comparable mechanical strength, greater cellular infiltration and revascularisation.17;18;21;41 
Further investigations on the behaviour of  biologic meshes in humans are needed. 

Several limitations of  present study need to be addressed. As it was retrospective there 
were some missing data and possible attrition bias. Although extended telephone follow-up was 
done prospectively, it remains unclear whether telephone interview enabled a valid evaluation 
of  hernia recurrence. Another drawback is the median clinical follow-up of  less than one year. 
Hernia recurrences are known to continue to develop years after initial reconstruction.25;28 
However, the main outcome of  these complex repairs lies in the initial postoperative period 
of  this one-stage repair where anastomosis and abdominal wall wounds need to heal without 
long-lasting complications such as anastomotic leakage and wound dehiscence. As this is a 
series of  use of  single biologic mesh with no comparison, questions regarding the optimal type 
of  mesh and position of  mesh placement in complex abdominal wall reconstruction cannot 
be fully answered. Conversely, present study is strengthened by the relatively homogeneous 
patient population with a complex abdominal wall defect and the usage of  a single biologic 
mesh. Our results should enable future comparisons and pooling of  data, thereby elucidating 
the potential role of  biologic meshes in complex abdominal wall repair. The results of  this 
study suggest that repair of  the most challenging abdominal wall defect can be done effectively 
with combination of  a non-cross-linked biologic mesh and component separation technique 
without the need for mesh removal despite wound infections. 
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SUMMARY

Intra-abdominal infections are a diverse group of  frequently encountered conditions of  vary-
ing severity with various underlying pathologies. The first part of  this thesis focused on the 
diagnostic work-up of  suspected intra-abdominal infections in the diverse patient population 
presenting with abdominal pain (the predominant symptom of  an intra-abdominal infection), 
in patients clinically suspected of  acute appendicitis (the most common intra-abdominal 
infection), and in patients suspected of  a postoperative intra-abdominal infection (a separate 
entity within intra-abdominal infections). The second part of  this thesis explored different 
aspects of  management of  the potential catastrophic outcomes of  intra-abdominal infections, 
including the open abdomen, complex abdominal wall defects and acute intestinal failure. 

PART I - Diagnosis of intra-abdominal infections

In Chapter 1 the potential of  the commonly used inflammatory markers white blood cell (WBC) 
count and C-reactive protein (CRP) level to distinguish non-urgent from urgent conditions, the 
latter including most intra-abdominal infections, was evaluated. Included were 2961 patients 
presenting with acute abdominal pain. Although accurate discrimination between non-
urgent and urgent conditions based only on these markers seems unrealistic, they could guide 
management in terms of  selecting patients for immediate additional diagnostic imaging. The 
results showed that the combination of  a WBC count greater than 15 x 109/L and a CRP level 
greater than 50 mg/L resulted in the highest probability of  an urgent condition; 85.5 per cent. 
However, only few patients presented with these levels and most patients with an underlying 
urgent condition had lower inflammatory marker levels. Furthermore, a low WBC count and 
a low CRP level did not sufficiently exclude the presence of  an urgent condition. Indications 
for imaging and management decisions based exclusively on these inflammatory markers in 
patients with acute abdominal pain therefore seem imprudent. 

Of  the available imaging modalities for suspected intra-abdominal infections, computed 
tomography (CT) is known to be the most accurate. Whether or not contrast enhancement, 
and which route of  contrast enhancement, influences the diagnostic accuracy is unclear. In 
Chapter 2 the available evidence was systematically reviewed and meta-analysed. A total of  18 
studies were included of  which 11 investigated CT in unselected patients with acute abdominal 
pain. The remaining 7 studies made a head-to-head comparison in patients with suspected 
appendicitis (5 studies), acute diverticulitis (1 study) or acute abdominal pain (1 study). In 
4580 patients with acute abdominal pain (originating from 11 studies), intravenous contrast 
enhancement resulted in the highest diagnostic accuracy (90.6 per cent) when compared to 
unenhanced (73.4 per cent), although this difference was not significant. In patients suspected 
of  appendicitis or diverticulitis available evidence suggests lack of  benefit of  intravenous 
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contrast enhancement over no contrast administration. Studies on the additional value of  
rectal contrast were lacking.

Several aspects of  the diagnosis of  acute appendicitis, the most common intra-abdominal 
infection, were evaluated in the next three chapters. Chapter 3 assessed the diagnostic value of  
WBC count and CRP level, related to the duration of  symptoms, in 1024 patients clinically 
suspected of  acute appendicitis. Symptoms for more than 48 hours and a WBC count greater 
than 20 x 109/L seemed to prove appendicitis with 100 per cent accuracy. However, only less 
than 1 per cent of  patients presented with this profile. Levels of  the inflammatory markers 
within normal range did not exclude appendicitis. Ten per cent of  patients with symptoms 
for more than 48 hours and normal inflammatory markers levels still had acute appendicitis. 

In Chapter 4 a scoring system was developed to distinguish uncomplicated from 
complicated appendicitis based on clinical and imaging features. This distinction is nowadays 
even more important, as conservative management has been suggested to offer a safe and 
effective alternative to appendectomy for uncomplicated cases of  appendicitis. Prospective 
data from 395 patients with suspected appendicitis was used to construct two separate scores 
for ultrasound and CT. With use of  the scoring systems, a substantial group of  patients deemed 
to have uncomplicated appendicitis could be identified of  whom 95 per cent were correctly 
labelled as such. 

The two most frequently applied imaging strategies for suspected acute appendicitis, a 
conditional CT strategy (CT after inconclusive or negative ultrasound only) and an immediate 
CT strategy, were directly compared in Chapter 5. In a prospective cohort the conditional 
CT strategy enabled the correct identification of  as many patients with appendicitis as the 
immediate CT strategy: approximately 95 per cent. However, conditional CT imaging resul-
ted in more false positives compared to immediate CT imaging (14 versus 8 per cent). 

In Chapter 6 the value of  CRP for the diagnosis of  postoperative intra-abdominal 
infections after (predominantly elective) major abdominal surgery was evaluated. A systematic 
review was conducted and 16 studies comprising 2215 patients were included. Meta-analysis 
showed that CRP has a negative predictive value of  more than 90 per cent from postoperative 
day 3 onwards. The results suggest that CRP can be used as marker that permits safe and early 
hospital discharge of  patients. The moderate positive predictive value of  CRP (64 per cent) for 
the diagnosis of  postoperative intra-abdominal infections cannot justify performing imaging 
or making treatment decisions based on high levels of  CRP alone. 

Another aspect of  the diagnosis of  postoperative intra-abdominal infectious was evaluated 
in Chapter 7. A decision tool to determine the probability of  ongoing sepsis from an abdominal 
infectious focus in patients operated for secondary peritonitis was externally validated. A 



292

total of  161 assessments with use of  the decision tool were performed in 69 patients. The 
discriminative capacity of  the decision tool score was fair (area under the receiving operator 
curve of  0.79). The incidence rate of  ongoing sepsis differed significantly between three score-
categories. The negative predictive value of  a decision tool score categorized as ‘low’ was 89 
per cent. In clinical practice this negative predictive value can aid postoperative decision-
making. 

PART II - Management of catastrophic outcomes of intra-abdominal infections

Chapter 8 explored current literature on intra-abdominal hypertension and the abdominal 
compartment syndrome. The number of  yearly published articles on these topics showed an 
exponentially increase during the last six decades, suggesting increased awareness and interest. 
However, the quality of  the available evidence was low, as most studies were case-reports and 
expert opinions. The majority of  studies described the abdominal compartment syndrome in 
surgical intensive care patients. The most frequently described specific subgroups were trauma 
patients and patients with severe pancreatitis.

In Chapter 9, the result of  a systematic review and meta-analysis of  the literature on 
the open abdomen and temporary abdominal closure techniques in patients with peritonitis 
is described. Included were 74 studies comprising 4358 patients. The most frequently de-
scribed temporary abdominal closure technique was negative pressure wound therapy. When 
combined with continuous mesh or suture mediated fascial traction, negative pressure wound 
therapy showed the best results in terms of  achieving delayed fascial closure and risk of  
enteroatmospheric fistula. However, the overall quality of  the evidence was very poor.

Outcome of  management of  acute intestinal failure by a specialised team was presented 
in Chapter 10. An observational study on 89 patients with acute intestinal failure, the majority 
caused by enteric fistula, was conducted. Approximately half  of  the patients presented with an 
‘open abdomen’ (laparostomy). Overall mortality including deaths from underlying diseases 
was 16 per cent, postoperative hospital mortality was 5 per cent. Most patients needed to 
undergo reconstructive surgery and almost all (94 per cent) could spend the preoperative 
period of  rehabilitation at home. The vast majority of  patients had successful restoration of  
enteral autonomy: 73 per cent of  all patients, 87 per cent of  surviving patients, and 83 per cent 
of  patients who underwent reconstructive surgery. 

An overview of  outcomes of  the repair of  (clean-) contaminated abdominal wall defects 
is described in Chapter 11. The systematic review of  the literature resulted in 32 studies that 
were included. Available low-level evidence shows no benefit of  biologic over synthetic mesh 
for repair of  potentially contaminated hernias, but as head-to-head comparison are lacking 
all studies are likely influenced by selection bias. Lack of  evidence hampers surgical decision-
making in the approach of  contaminated abdominal wall defects since all but one study 
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used biologic meshes in the presence of  contamination. Without head-to-head comparison 
differences in patient characteristics and likely selection bias in single-type intervention studies 
make definite conclusions hazardous. 

In Chapter 12 outcome of  major complex abdominal wall repair in contaminated 
circumstance was described. All patients operated in two established acute intestinal failure 
centres in Europe with use of  a porcine-derived non-cross-linked biologic mesh were analysed. 
Bridging repairs were necessary in only a quarter of  the patients despite high overall complexity. 
Approximately 44 per cent of  the 80 included patients developed a wound infection but 
removal of  the mesh was never necessary. After median clinical follow-up of  7 months, hernia 
recurrences were found in 10 patients (13 per cent), of  whom 3 initially underwent bridged 
repairs because of  the inability to achieve fascial closure despite component separation. Repair 
of  challenging abdominal wall defect can be done effectively with non-cross-linked biologic 
mesh and component separation technique without the need for mesh removal despite wound 
infections. 

FUTURE PERSPECTIVES 

The aim of  this thesis was to evaluate different aspects of  the diagnosis of  intra-abdominal 
infections and to elaborate on the management of  the potential catastrophic complications. 
The findings described in this thesis contribute to the evolving care for patients with intra-
abdominal infections but also raise new questions. This section of  the thesis contemplates on 
the future perspectives for intra-abdominal infections.

Studies on the diagnosis of  intra-abdominal infections generally lack evaluation of  clinical 
outcomes. The majority of  studies solely evaluate pure diagnostic accuracy. Even important, 
however, is the influence of  an inflammatory marker, imaging modality or imaging strategy 
on patient-related outcomes, management decisions, and cost-effectiveness. Future research in 
the field of  the diagnosis of  intra-abdominal infections should therefore additionally focus on 
the impact on clinical outcomes.

One of  the limitations of  the available evidence on the diagnostic value of  CRP level 
and WBC count for intra-abdominal infections is the lack of  studies on its additional value to 
clinical evaluation alone. In practice, the inflammatory markers are always interpreted with 
knowledge of  the findings of  medical history and physical examination. In most diagnostic 
studies however, the value of  these markers as independent predictors is evaluated. Due to 
short-sighted conclusions from diagnostic research, unjust assumptions of  the clinical value 
are made. In clinical practice for instance, CRP is being used increasingly as a single marker 
to predict the presence of  a postoperative infection although CRP has a limited positive 
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predictive value and is only useful as a negative predictive test. To address this knowledge 
gap, future studies should compare clinical diagnoses with and without inflammatory markers, 
enabling proper evaluation of  their true additional value. 

In addition to the absolute level of  inflammatory markers, their change over time may 
also have diagnostic value. Especially during the postoperative course following abdominal  
surgery, with elevated inflammatory markers being normal as result of  surgical trauma, the 
difference between early postoperative levels and levels found at postoperative day 3 to 5 
may be more informative than the absolute value on any given moment. For selected patients 
presenting with acute abdominal pain with a suspected (uncomplicated) intra-abdominal 
infection who are considered for outpatient re-evaluation, the course of  inflammatory markers 
could also be relevant.

The increase in use of  diagnostic imaging for suspected intra-abdominal infections is 
likely to continue. Imaging has become more widely available and has proven to enhance 
diagnostic performance. Nonetheless, the drawbacks of  imaging deserve further attention. 
The increase in use of  CT, for instance during the acute postoperative phase, has led to an 
rise in costs in spite of  the fact that we do not known whether clinical outcomes improve 
and associated downstream costs are being saved. With respect to CT, exposing patients to 
ionizing radiation and the associated lifetime radiation-induced cancer risk is a big concern. 
New techniques have made reductions in radiation dose without decreasing image quality 
possible, and promising results of  low-dose CTs for diagnosing intra-abdominal infections, 
predominantly appendicitis, have been reported.1 Future studies should further evaluate the 
technical possibilities of  reducing radiation dose, not only for appendicitis but for all intra-
abdominal infections. 

Another disadvantage of  CT is the need for contrast enhancement. Intravenous contrast 
is associated with the risk of  contrast induced nephropathy while oral and rectal contrast 
administration can lead to considerable patient discomfort and may effect emergency 
department throughput. Furthermore, repeat CT studies performed because the original 
contrast protocol was deemed inadequate to answer the clinical question contribute to excess 
ionizing radiation, risk of  contrast nephropathy and increased costs. As demonstrated in 
Chapter 2, it is yet unclear whether the administration of  contrast agents is indeed needed for 
the diagnosis of  several intra-abdominal infections. 

With the increase in use of  CT, it is questionable whether ultrasound imaging will 
continue to play a role in the diagnosis of  intra-abdominal infections. For most intra-
abdominal infections, CT is superior in terms of  pure diagnostic accuracy. As aforementioned, 
the disadvantages of  CT are being addressed and may become less relevant in the (near) 
future. Nevertheless, especially as part of  a conditional CT strategy ultrasound offers a non-
invasive alternative and can reduce the number of  needed CT scans while maintaining 
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diagnostic accuracy, as demonstrated for acute appendicitis in Chapter 5. Exemplary are recent 
studies on ultrasound for suspected appendicitis from the United States where CT imaging 
was considered standard during the last decade but concerns regarding the drawbacks of  
CT have led to renewed interest in ultrasound.2 An advantage of  CT is the fact that, with 
current telemedicine possibilities, a supervisor or specialised radiologist such as an abdominal 
radiologist is quickly and easily consulted. Ultrasound, a hands-on and dynamic examination, 
lacks these possibilities.

Advancements in diagnosis and management of  intra-abdominal infections ideally result 
in fewer catastrophic outcomes. However, despite improvements in technique, anastomotic 
devices and perioperative care, an intestinal anastomosis remains associated with a considerable 
risk of  leakage, leading to one of  the most severe forms of  an intra-abdominal infection.3 
Furthermore, regarding the most common intra-abdominal infection, appendicitis, rates of  com- 
plicated disease have steadily increased over the last 25 years.4 Catastrophic outcomes of  intra-
abdominal infections are therefore likely to continue to challenge both patients and doctors. 

Although a repeated relaparotomy strategy with temporary abdominal closure for 
severe peritonitis has been shown to offer no advantage over an on-demand approach, open 
abdomens are still encountered since primary closure is sometimes frankly not possible.5 As 
described in Chapter 9, outcome of  an open abdomen in patients with peritonitis is worse 
than previously claimed based on results in trauma patients. Delayed fascial closure is not as 
frequently achieved, enteric fistula rates remain significant and the most widely applied closure 
techniques require multiple dressing changes and OR visits. A potential alternative abdominal 
closure technique is the use of  a biologic mesh. Early closure of  the abdomen during the 
initial operation or shortly thereafter in these contaminated fields with a non-cross-linked 
biologic mesh may form an immediate solution and can theoretically reduce the rate of  fistula 
formation and hernia recurrence. The potential of  a non-cross-linked biologic mesh as closure 
technique of  the open abdomen is currently investigated in the ongoing CLOSE-UP study. 

Repair of  complex abdominal wall defects has evolved considerably over the last few 
decades. Prevention of  large defects is being pursued by means of  laparoscopic abdominal 
surgery and minimal invasive interventions for infectious complications. The introduction of  
component separation techniques and the development of  lightweight and composite synthetic 
materials and biologic meshes have expanded surgical options for treatment of  abdominal wall 
defects. In addition, new so-called bioabsorbable synthetic materials have been developed, 
which are gradually resorbed and have scaffold-like properties enabling tissue-ingrowth, 
mimicking biologic material. The possibilities of  these techniques and materials are still being 
explored and well-founded indications for their use need to be formulated, as underlined in 
Chapter 11. 
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Management of  acute intestinal failure and all other catastrophic outcomes of  intra-
abdominal infections is ideally based on high quality evidence consisting of  randomised 
clinical trials. However, the rarity and complexity of  these conditions limits the opportunities 
to undertake rigorous research, and prospective trials therefore seem impracticable. Other 
types of  research can nevertheless provide us with valuable information. It is vital for these 
future studies to provide clear patients characteristics, use accepted definitions and report on 
standard outcomes. Realisation of  uniformity across studies may ultimately enable evidence-
based improvements of  care for patients with catastrophic outcomes of  intra-abdominal 
infections.
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SAMENVATTING

Intra-abdominale infecties vormen een diverse groep van veelvoorkomende aandoeningen, 
variërend in ernst en met een verscheidenheid aan onderliggende oorzaken. Het eerste gedeelte 
van dit proefschrift richt zich op de diagnostische benadering van intra-abdominale infecties 
in de diverse patiëntenpopulatie met acute buikpijn (het voornaamste symptoom van een 
intra-abdominale infectie), bij patiënten die klinisch verdacht worden van acute appendicitis 
(de meest voorkomende intra-abdominale infectie), en bij patiënten met een verdenking op 
een postoperatieve intra-abdominale infectie (een aparte entiteit binnen intra-abdominale 
infecties). Het tweede gedeelte van dit proefschrift verkent verschillende aspecten van de 
behandeling van de potentiële catastrofale gevolgen van intra-abdominale infecties, zoals een 
open buik, complexe buikwand defecten, en acuut darmfalen. 

DEEL I - Diagnose van intra-abdominale infecties

In Hoofdstuk 1 is het vermogen onderzocht van de veelgebruikte ontstekingsparameters leuko-
cytengetal en C-reactieve proteïne (CRP), om onderscheid te maken tussen niet-spoedeisende 
en spoedeisende aandoeningen, waaronder de meeste intra-abdominale infecties vallen. In 
de studie werden 2961 patiënten geïncludeerd die zich presenteerden met acuut ontstane 
buikpijn. Alhoewel het niet realistisch is dat alleen gebaseerd op deze parameters een 
goed onderscheid te maken valt tussen niet-spoedeisende en spoedeisende aandoeningen, 
kunnen ze mogelijk wel bijdragen aan het correct identificeren van patiënten waarbij verder 
aanvullend beeldvormend onderzoek moet worden verricht. De resultaten toonde aan dat 
de combinatie van een leukocytengetal groter dan 15 x 109/L en CRP gehalte van meer 
dan 50 mg/L resulteerde in de hoogste kans op een spoedeisende aandoening; 85.5 procent. 
Echter, er waren slechts weinig patiënten die zich met dergelijke waarden presenteerden en 
de meeste patiënten met een spoedeisende onderliggende aandoening hadden lagere waarden 
van de ontstekingsparameters. Daarnaast konden lage waarden van het leukocytengetal en 
het CRP gehalte de aanwezigheid van een spoedeisende aandoening niet goed uitsluiten. 
Indicatie tot beeldvormende diagnostiek en het afstemmen van de behandeling enkel op de 
ontstekingsparameters lijkt daarom onverstandig.

Van de beschikbare beeldvormende modaliteiten voor intra-abdominale infecties is 
computertomografie (CT) de meeste nauwkeurige. Of  het toedienen van een contrastmiddel 
en welke route van toediening de accuratesse beïnvloed is onbekend. In Hoofdstuk 2 is de 
beschikbare literatuur systematisch onderzocht en geïncludeerd in een meta-analyse. In totaal 
werden er 18 geschikte studies gevonden waarvan 11 het gebruik van CT bij niet-geselecteerde 
patiënten met acute buikpijn bestudeerden. De overige 7 studies beschreven vergelijkend 
onderzoek bij patiënten die verdacht werden van acute appendicitis (5 studies), acute di-
verticulitis (1 studie) en bij patiënten met acute buikpijn (1 studie), waarbij verschillende 
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contrast regimes bij dezelfde patiënten werden onderzocht. Voor 4580 patiënten met acute 
buikpijn (afkomstig van 11 studies) resulteerde intraveneus toegediend contrastmiddel in de 
een accuratesse van 90.6 procent, wat niet-significant hoger was dan de accuratesse van CT 
zonder contrastmiddel (73.4 procent). Bij patiënten met een verdenking op acute appendicitis 
of  diverticulitis suggereerde de beschikbare literatuur dat het toedienen van intraveneus 
contrastmiddel geen toegevoegde waarde heeft in vergelijking met geen contrast. Studies naar 
de toegevoegde waarde van rectaal contrast ontbraken.

Verschillende aspecten van de diagnose van acute appendicitis, de meest voorkomende 
intra-abdominale infectie, worden beschreven in de volgende drie hoofdstukken. Hoofdstuk 3 
onderzocht de diagnostische waarde van het leukocytengetal en CRP in relatie tot de duur van 
symptomen bij 1024 patiënten met een klinische verdenking op acute appendicitis. Sympto-
men langer dan 48 uur in combinatie met een leukocytengetal groter dan 20 x 109/L leken acute 
appendicitis te bevestigen met 100 procent nauwkeurigheid. Echter, slechts 1 procent van alle 
patiënten presenteerde zich met dit profiel. Ontbreken van verhoogde ontstekingsparameters 
sloot appendicitis niet uit. Tien procent van de patiënten met symptomen die langer dan 48 
uur en geen verhoogde ontstekingsparameters hadden toch appendicitis. 

In Hoofdstuk 4 is een scoringssysteem ontwikkeld waarmee een onderscheid kon worden 
gemaakt tussen ongecompliceerde en compliceerde appendicitis op basis van klinische 
kenmerken en bevindingen bij beeldvormend onderzoek. Dit onderscheid is heden ten 
dage extra belangrijk aangezien conservatieve behandeling een mogelijk veilig en effectief  
alternatief  voor appendectomie vormt. Prospectief  verzamelde gegevens van 395 patiënten 
met verdenking appendicitis werden gebruikt voor het construeren van twee aparte sco-
ringssystemen voor echografie en CT. Door het gebruik van de scoringssystemen kon een 
substantiële groep patiënten met vermoedelijk ongecompliceerde appendicitis worden 
geïdentificeerd, van wie 95 procent inderdaad ongecompliceerde appendicitis bleek te hebben. 

 De twee meest gebruikte diagnostische strategieën voor acute appendicitis, een 
conditionele CT strategie (CT alleen na inconclusieve of  negatieve echografie) en een directe 
CT strategie, worden direct vergeleken in Hoofdstuk 5. In een prospectief  cohort leidde de 
conditionele CT strategie tot een vergelijkbaar aantal correct geïdentificeerde patiënten met 
acute appendicitis als de directe CT strategie: ongeveer 95 procent. Echter, de conditionele 
CT-strategie leidde tot meer fout-positieve diagnoses in vergelijking met de directe CT-
strategie (14 versus 8 procent).

In Hoofdstuk 6 is de waarde van CRP voor de diagnose van postoperatieve intra-
abdominale infecties na (merendeels electieve) abdominale chirurgie geëvalueerd. Een syste-
matisch literatuuronderzoek werd verricht en 16 studies met in totaal 2215 patiënten werden 
geïncludeerd. Meta-analyse heeft aangetoond aan dat CRP een negatief  voorspellende waarde 
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van meer dan 90 procent heeft vanaf  de 3de postoperatieve dag. De resultaten suggereren 
dat CRP gebruikt kan worden voor het selecteren van patiënten die veilig vroegtijdig uit het 
ziekenhuis ontslagen kunnen worden. De matige positief  voorspellende waarde van CRP (64 
procent) voor de diagnose van postoperatieve intra-abdominale infecties geeft onvoldoende 
vertrouwen om alleen gebaseerd op hoge CRP waarden over te gaan tot beeldvormende 
diagnostiek of  behandeling.

Een ander aspect van de diagnose van postoperatieve intra-abdominale infecties werd 
geëvalueerd in Hoofdstuk 7. Een beslisregel waarmee de kans kan worden berekend op de 
aanwezigheid van een persisterende ontsteking in de buikholte bij patiënten die geopereerd zijn 
vanwege een secundaire peritonitis werd extern gevalideerd. In totaal werden 161 metingen 
met behulp van de beslisregel verricht bij 69 patiënten. Het onderscheidend vermogen van 
de beslisregel was redelijk (oppervlakte onder de ‘receiver operating characteristic’-curve van 
0.79). De incidentie van persisterende ontsteking in de buikholte was significant verschillend 
tussen drie score-categorieën. De negatief  voorspellende waarde van een als ‘lage kans’ 
geclassificeerde score was 89 procent. In de kliniek kan deze negatieve voorspellende waarde 
bijdragen aan postoperatieve besluitvorming.

DEEL II - Behandeling van catastrofale gevolgen van intra-abdominale infecties

Hoofdstuk 8 exploreert de huidige literatuur over intra-abdominale hypertensie en het 
abdominaal compartiment syndroom. De hoeveelheid jaarlijks gepubliceerde artikelen over 
deze onderwerpen vertoonde een exponentiële groei gedurende de laatste zes decennia, 
duidend op een toename van aandacht en interesse. De kwaliteit van de studies was echter 
laag aangezien de meeste artikelen casuïstische mededelingen en ‘expert opinions’ betroffen. 
De meerderheid beschreef  het abdominale compartiment syndroom bij chirurgische intensive 
care patiënten. De meest beschreven specifieke subpopulaties waren trauma-patiënten en 
patiënten met acute ernstige pancreatitis. 

In Hoofdstuk 9 zijn de resultaten beschreven van een systematisch onderzoek van de 
literatuur, met meta-analyse, over de open-buikbehandeling en tijdelijke sluitingstechnieken 
bij patiënten met peritonitis. In totaal werden 74 studies geïncludeerd die tezamen 4358 
patiënten beschreven. De meest frequent beschreven tijdelijke sluitingstechniek bestond uit 
negatieve-druktherapie. Indien gecombineerd met continue tractie van de fascie, met behulp 
van hechtingen of  een mat, leidde negatieve-druktherapie tot de beste resultaten wat betreft 
het bereiken van uitgestelde sluiting van de buik en het risico op het ontstaan van een entero-
atmosferische fistel. De kwaliteit van de beschikbare literatuur was echter zeer matig.

De uitkomsten van de behandeling van acuut darmfalen door een gespecialiseerd team 
zijn beschreven in Hoofdstuk 10. Er werd een observationele studie verricht van 89 patiën-
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ten met acuut darmfalen, in de meeste gevallen veroorzaakt door darmfistels. Ongeveer de 
helft van de patiënten presenteerde zich met een granulerende ‘open buik’ (laparostoma). 
Het sterftepercentage inclusief  sterfgevallen ten gevolge van onderliggende aandoeningen 
was 16 procent; postoperatieve ziekenhuismortaliteit was 5 procent. De meeste patiënten 
moesten reconstructieve chirurgie ondergaan en nagenoeg iedere patiënt (94 procent) kon 
de preoperatieve periode van rehabilitatie thuis doorbrengen. De overgrote meerderheid 
van de patiënten bereikte succesvol herstel van enterale autonomie: 73 procent van alle 
patiënten, 87 procent van alle overlevende patiënten en 83 procent van alle patiënten die ge- 
opereerd werden. 

Een overzicht van uitkomsten van herstel van (schoon-) gecontamineerde buikwand 
defecten is weergegeven in Hoofdstuk 11. Een systematisch onderzoek van de literatuur 
resulteerde in 32 studies die werden meegenomen. De beschikbare literatuur van lage 
kwaliteit suggereert dat er geen voordeel is van een biologische mat ten opzichte van een 
synthetische mat voor het herstel van schoon-gecontamineerde buikwand hernia’s, maar 
aangezien vergelijkende studies ontbreken zijn alle studies waarschijnlijk beïnvloed door 
selectiebias. Gebrek aan bewijs beperkt chirurgische besluitvorming voor de behandeling 
van contamineerde buikwand defecten aangezien alle studies, behalve één, gebruikt maakten 
van een biologische mat bij aanwezigheid van contaminatie. Het gebrek aan vergelijkende 
studies maakt dat verschillen in patiëntkarakteristieken en de vermoedelijk aanwezigheid van 
selectiebias binnen studies waarin één type behandeling wordt onderzocht het riskant is om 
definitieve conclusies te trekken.

In Hoofdstuk 12 zijn de resultaten beschreven van complexe hersteloperaties van de 
buikwand in gecontamineerde omstandigheden. Alle patiënten die in twee gevestigde Europese 
acuut darmfalen centra werden geopereerd met behulp van een non-cross-linked biologische mat 
werden geanalyseerd. Een overbruggende techniek was slechts nodig bij een kwart van de 
reconstructies ondanks de overall complexiteit. Ongeveer 44 procent van de 80 geïncludeerde 
patiënten ontwikkelde een wondinfectie maar verwijdering van de biologisch mat was nimmer 
noodzakelijk. Na een mediane klinische follow-up periode van 7 maanden werd een hernia 
recidief  vastgesteld bij 10 patiënten (13 procent), van wie 3 bij de oorspronkelijke reconstructie 
een resterend defect werd overbrugt, aangezien primaire sluiting niet mogelijk was ondanks 
component separatie technieken. Herstel van uitdagende buikwanddefecten kan effectief  
worden uitgevoerd met een non-cross-linked biologische mat en component separatie techniek, 
waarna verwijderen van de mat nooit nodig is ondanks het optreden van wondinfecties. 
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Het doel van dit proefschrift was het evalueren van verschillende aspecten van de diagnose 
van intra-abdominale infecties en het verkennen van de behandeling van de potentiele cata- 
strofale gevolgen. De bevindingen beschreven in dit proefschrift dragen bij aan de ont-
wikkelingen in de zorg voor patiënten met een intra-abdominale infectie, maar roepen ook 
nieuwe vragen op. Dit gedeelte van het proefschrift beschouwt de toekomstperspectieven voor 
intra-abdominale infecties. 

Bij studies naar het diagnosticeren van intra-abdominale infecties ontbreekt het dikwijls 
aan een evaluatie van klinische uitkomsten. De meeste studies evalueren enkel zuiver 
diagnostische accuratesse. Minstens zo belangrijk, zo niet belangrijker, is de invloed van een 
ontstekingsparameter, beeldvormende modaliteit of  beeldvormende strategie op patiënt-
gerelateerde uitkomsten, behandelkeuzes en kosteneffectiviteit. Toekomstig onderzoek op het 
gebied van de diagnose van intra-abdominale infecties dient zicht daarom tevens te richten op 
de invloed op klinische uitkomsten. 

Een van de beperkingen van het beschikbare wetenschappelijk bewijs over de 
diagnostische waarde van CRP en het leukocytengetal bij intra-abdominale infecties is het 
gebrek aan studies waarin de toegevoegde waarde bovenop klinische evaluatie is onderzocht. 
In de praktijk worden de ontstekingsparameters altijd geïnterpreteerd met kennis van de 
bevindingen bij anamnese en lichamelijk onderzoek. In de meeste diagnostische studies wordt 
daarentegen de waarde van deze parameters als alleenstaande voorspellers geëvalueerd. Door 
eenzijdige conclusies uit diagnostische studies wordt onterecht een aanname gedaan over 
het effect op klinische uitkomsten. Zo wordt in de klinische praktijk in toenemende mate de 
postoperatieve CRP waarde als alleenstaande diagnostische test gebruikt om de kans op aan-
wezigheid van een postoperatieve infectie te kwantificeren, terwijl CRP slechts een beperkte 
positief  voorspellende waarde heeft en eigenlijk alleen als negatief  voorspellende test kan 
worden ingezet. Om dit hiaat in de kennis te verkleinen dienen toekomstige studies de klinische 
diagnose mèt en zonder kennis van de ontstekingsparameters met elkaar te vergelijken, zodat 
de werkelijke toegevoegde waarde kan worden bepaald. 

Naast de absolute waarde van een ontstekingsparameter kan de verandering over de 
tijd ook diagnostische waarde bevatten. Met name tijdens het postoperatieve traject na 
abdominaal chirurgie, waar verhoogde ontstekingsparameters normaal zijn als gevolg van het 
chirurgisch ingrijpen, kan het verschil tussen vroege postoperatieve waarden en waarden op 
dag 3 of  5 postoperatief  informatiever zijn dan de absolute waarde op een tijdstip. Ook bij 
bepaalde patiënten met acute buikpijn die verdacht worden van een (ongecompliceerde) intra-
abdominale infectie en waarbij poliklinische herbeoordeling wordt overwogen, kan het verloop 
van ontstekingsparameters relevant zijn.



305

Samenvatting en toekomstperspectieven

Het toenemend gebruik van beeldvormend onderzoek bij verdenking op intra-abdominale 
infecties zal zich waarschijnlijk voortzetten. Beeldvorming is in toenemende mate beschikbaar 
en heeft bewezen de diagnostische prestaties te bevorderen. Niettemin verdienen de nadelen 
van beeldvormend onderzoek aandacht. De toename van gebruik van CT, zoals in de acute 
setting als postoperatief, heeft geleid tot een toename in de kosten voor beeldvormende 
diagnostiek, zonder dat we precies weten in welke maten klinische uitkomsten worden 
verbeterd en dus downstream kosten worden bespaard. Wat betreft CT is het blootstellen 
van patiënten aan ioniserende straling en daarmee het verhogen van het levenslange risico 
op het krijgen van kanker een grote zorg. Nieuwe technieken hebben het mogelijk gemaakt 
de stralingsbelasting te verminderen terwijl de diagnostische accuratesse gehandhaafd blijft 
en veelbelovende resultaten bij het diagnosticeren van appendicitis met lage-dosis CT scans 
zijn reeds beschreven.1 Toekomstig onderzoek moet verder gaan met het verkennen van de 
mogelijkheden om de stralingsbelasting te verminderen, niet alleen voor appendicitis maar 
voor alle intra-abdominale infecties.  

Een ander nadeel van CT is de noodzaak tot het toedienen van contrastmiddel. Intra-
veneus contrast geeft een risico op het ontstaan van contrastnefropathie, terwijl oraal en 
rectaal toedienen van contrastmiddel kan leiden tot aanzienlijk ongemak voor de patiënt en 
een verminderd efficiënte doorvoer van patiënten op de Spoedeisende Hulp. Daarnaast draagt 
het herhalen van een CT scan vanwege een vermeende inadequate contrasttoediening bij 
aan de stralingsbelasting, risico op contrastnefropathie en onnodige kosten. Zoals beschreven 
in Hoofdstuk 2 is het vooralsnog onduidelijk of  het toedienen van contrastmiddel inderdaad 
noodzakelijk is voor het diagnosticeren van verscheidene intra-abdominale infecties.

Met het toenemend gebruik van CT is het de vraag of  echografie nog een rol zal 
blijven spelen bij de diagnose van intra-abdominale infecties. Voor de meeste infecties geldt 
dat CT superieur is ten opzichte van echografie wat betreft diagnostische accuratesse. Zoals 
hierboven genoemd kan het daarnaast zijn dat de nadelen van CT in de (nabije) toekomst 
minder relevant worden. Desalniettemin kan echografie, met name als onderdeel van een 
conditionele CT strategie, dienen als een niet-invasief  alternatief  en het aantal noodzakelijke 
CT scans verminderen, zonder daarbij de diagnostische accuratesse te compromitteren, 
zoals gedemonstreerd voor appendicitis in Hoofdstuk 5. Exemplarisch zijn recente studies 
over echografie bij appendicitis uit de Verenigde Staten waar CT het laatste decennium als 
standaard werd beschouwd, maar zorgen over de nadelen van CT hebben geleid tot een 
hernieuwde interesse in echografie.2 Een voordeel van de CT is dat met de huidige telemedicine 
mogelijkheden de radioloog supervisor of  radioloog met een specifiek aandachtsgebied zoals 
abdominale radioloog snel en eenvoudig kan mee beoordelen vanuit huis. Die mogelijkheden 
zijn bij echografie, een hands-on en dynamisch onderzoek, veel beperkter.
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Idealiter zouden vooruitgangen in de diagnose en behandeling van intra-abdominale 
infecties leiden tot minder catastrofale uitkomsten. Echter, ondanks verbeteringen in tech-
niek, anastomose-materiaal en perioperatieve zorg gaat een darmanastomose nog altijd 
gepaard met een aanzienlijk risico op het ontwikkelen van lekkage, hiermee leidend tot een 
van de meest ernstige vormen van een intra-abdominale infectie.3 Daarnaast is het percentage 
gecompliceerde gevallen van de meest voorkomende intra-abdominale infectie, appendicitis, 
de afgelopen 25 jaar toegenomen.4 Het mag daarom worden verwacht dat de catastrofale 
gevolgen van intra-abdominale infecties zowel de patiënt als de dokter zullen blijven uitdagen. 

Hoewel bewezen is dat een geplande-relaparotomie strategie geen voordelen biedt boven 
een on-demand strategie, zal een open-buikbehandeling af  en toe noodzakelijk zijn aangezien 
primaire sluiting simpelweg niet altijd mogelijk is.5 Zoals beschreven in Hoofdstuk 9 zijn de 
uitkomsten van een open-buikbehandeling bij patiënten met peritonitis slecht in vergelijking 
met trauma patiënten. Uitgestelde primaire sluiting van de fascie wordt niet zo vaak bereikt 
bij patiënten met peritonitis als aanvankelijk werd aangenomen gebaseerd op de resultaten 
bij trauma patiënten. Het ontstaan van darmfistels blijft een significant probleem en de meest 
gebruikte tijdelijke sluitingstechnieken vereisen meerdere wissels en operatiekamer bezoeken. 
Een mogelijk nieuwe sluitingstechniek is het gebruik van een biologische mat. Het vroegtijdig 
sluiten van de buik met een non-cross-linked biologische mat, tijdens die initiële operatie of  kort 
daarna, in deze gecontamineerde omstandigheden kan een onmiddellijke oplossing vormen 
en kan mogelijk het aantal fistels en buikwandbreukrecidieven doen afnemen. De potentie van 
een non-cross-linked biologische mat als sluitingstechniek van een open buik wordt momenteel 
onderzocht in de CLOSE-UP studie.

Het herstellen van een complex buikwanddefect heeft de afgelopen decennia meerdere 
ontwikkelingen doorgemaakt. Het voorkómen van grote defecten wordt nagestreefd door mid-
del van het verrichten van abdominale kijkoperaties en door de minimaal invasie behandeling 
van potentiële complicaties. Daarnaast heeft de introductie van component-separatie 
methoden en de ontwikkeling van lichtgewicht en samengesteld synthetisch materiaal en 
biologisch materiaal de chirurgische mogelijkheden voor het herstel van buikwanddefecten 
doen toenemen. Tevens is nieuw synthetisch materiaal ontwikkeld, zogenaamde bioabsorbables, 
wat langzaam wordt geresorbeerd en een brugfunctie heeft waarover weefsel ingroei kan 
plaatsvinden, gelijk aan biologisch materiaal. De potenties van deze technieken en materialen 
worden nog onderzocht en gefundeerde indicaties voor gebruik dienen nog te worden 
geformuleerd, zoals onderstreept in Hoofdstuk 11.

De behandeling van de catastrofale gevolgen van intra-abdominale infecties zou 
idealiter gebaseerd zijn op wetenschappelijk onderzoek van hoge kwaliteit bestaande uit 
gerandomiseerde klinische studies. Echter, de zeldzaamheid en complexiteit van deze 
aandoeningen beperken de mogelijkheden tot het doen van grondig onderzoek en prospectieve 
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trials lijken onhaalbaar. Ander type onderzoek kan ons desalniettemin van waardevolle 
informatie voorzien. Het is van vitaal belang dat deze toekomstige onderzoeken duidelijke 
patiëntkarakteristieken beschrijven, geaccepteerde definities hanteren en gestandaardiseerde 
uitkomsten rapporteren. Als uniformiteit tussen studies wordt bereikt, kan dit uiteindelijk 
leiden tot wetenschappelijk-onderbouwde verbeteringen van de behandeling van catastrofale 
gevolgen van intra-abdominale infecties.
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