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GENERAL INTRODUCTION
 
Colonic peritonitis
Peritonitis as a sign of intra-abdominal infection can be caused by a variety of clinical 
conditions. Common causes include abdominal organ infections and subsequent perforations, 
complicated abdominal surgery and abdominal trauma.1 The spillage of gastrointestinal or 
genitourinary contents or microorganisms, by either direct perforation or breach of the 
inflamed organ wall is usually the source of this secondary peritonitis. Hence, the most 
common pathogens reflect those in the gastrointestinal tract, with enterobacteriaceae  
(E coli, Proteus mirabilis, Klebsiella pneumonia), streptococci, enterococci,  and anaerobic 
organisms such as Bacteroides fragilis.2,3 

Classification of colonic peritonitis
The severity of peritonitis from colonic origin largely depends on the extent of peritoneal 
contamination. In general, a closed infected compartment such as an abscess causes less 
severe symptoms than a general peritonitis, and cloudy or purulent peritonitis might cause a 
less severe sepsis than faecal peritonitis. Available classification systems are the Mannheim 
peritonitis index (MPI), the left colonic Peritonitis Severity Score (PSS) and the Hinchey 
classification for perforated diverticulitis.4-6 All these classifications discriminate patients 
with faecal peritonitis from those with purulent or less severe forms of peritonitis. 
 There is an important difference in aetiology of purulent and faecal peritonitis, where the 
first can be caused by bacterial translocation, ruptured abscess or sealed perforation with 
minimal fluid leakage, while the latter can only be explained by an overt perforation from 
the bowel lumen into the free peritoneal cavity.7 (figure 1) 
 
Presentation
Peritonitis can result in a variety of symptoms from local tenderness to an acute abdomen 
with general abdominal pain and rigidity. These symptoms can be accompanied by 
symptoms of systemic sepsis such as fever, sinus tachycardia, hypotension, organ failure, 
systemic inflammatory response syndrome (SIRS) and could lead to multi organ failure and 
even death. 
 Treatment is based on two pillars, one is the management of the sepsis (and septic shock) 
with antibiotics and fluid resuscitation, the other is controlling the source of peritonitis and 
usually requires surgical therapy.8 The urgency of treatment depends on the affected organ, 
progression of clinical symptoms and physiological stability of the patient. 
 The common principle is that an inflammatory mass can be treated without surgical or 
radiological intervention, contained abscesses with percutaneous drainage, while peritoneal 
contamination with purulent and faecal peritonitis require surgical management.9 When 
surgery is indicated, the physiological condition of the patient might determine the choice 
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between short and simple damage-control surgery or a more complex one-stage procedure 
as a permanent solution. 

Figure 1. Hinchey classification scheme. Reproduced with permission from Jacobs, NEJM 2007, 
Copyright Massachusetts Medical Society
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Diverticular disease and perforated diverticulitis
Colonic diverticular disease compromised a spectrum of different conditions, ranging from 
the presence of asymptomatic uninflamed diverticula to perforated diverticulitis with 
associated systemic sepsis. 
 Colonic diverticula are actually pseudo-diverticula with herniation of the mucosal and 
submucosal layers of the colonic wall. This usually occurs at the weaker areas where the 
vasa recta penetrate the smooth muscle layer. Diverticulitis occurs when a diverticula 
becomes inflamed, which occurs in only a minority of the patients with diverticular disease. 
And even in case of an episode of acute diverticulitis, only about 25% of patients present 
with complicated disease including abscesses, fistula, obstruction and perforated disease 
with peritonitis. If perforated diverticulitis is present urgent surgical treatment is required, 
with an associated high morbidity and mortality rates. 
 Perforated diverticulitis can be classified according to the Hinchey classification and 
several other similar classification systems based on the degree of peritoneal contamination. 
The Hinchey classification is developed to grade intraoperative findings, but as in current 
practise only grade III and IV require surgical treatment, it is usually used to classify the 
clinical and radiological diagnosis.  

Current trends in treatment of acute diverticulitis involve less aggressive treatment for all 
stages. Conservative treatment without antibiotics, diet restriction or hospitalisation for 
uncomplicated disease, only antibiotic treatment or percutaneous drainage for abscesses 
and surgical treatment limited to Hinchey III and IV perforated diverticulitis.10 Somewhere 
between the 1960s to ‘80s, the surgical treatment of choice for perforated diverticulitis 
became the open Hartmann’s procedure.11,12 Before, patients would usually undergo a 
three stage procedure, with faecal diversion and drainage followed by resection and in 
the third stage re-anastomosis. Patients with severe sepsis and peritonitis would often 
undergo several planned relaparotomies for peritoneal lavage until the systemic sepsis was 
controlled. Later, the less invasive on-demand relaparotomy strategy was shown to have 
similar outcomes in a randomised trial, while reducing the need for relaparotomy to 40% of 
the included patients.13 
 In the 1990s, laparoscopic peritoneal lavage emerged as a promising alternative for 
sigmoidectomy in patients with purulent peritonitis due to perforated diverticulitis.14,15 This 
technique became increasingly popular since the 2008 study by Myers and colleagues16 

reporting a 95% success rate in a series of 92 patients. Two years later a systematic review 
of case series showed a mortality rate under 5% and a colostomy was avoided in the 
vast majority of patients.17 Four different European research groups, including our own, 
developed a randomised trial to confirm these success rates in a randomised trial, as all case 
series appeared to suffer from a severe selection bias.18-21 
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Anastomotic leakage following colorectal surgery
The second major cause of colonic peritonitis discussed in this thesis is anastomotic leakage 
following colorectal surgery. Benign and malignant disease of the colon such as diverticulitis, 
inflammatory bowel disease and colorectal cancer require surgical treatment by segmental 
colectomy followed by anastomosis of the bowel ends. Despite all efforts, every anastomosis 
has a risk of leakage. Anastomotic leakage can be caused by either technical problems or 
failure of the anastomotic healing process. Most research focusses on these risk factors for 
anastomotic leak such as suture techniques, patient factors such as age and comorbidity, 
and perioperative factors such as perfusion and oxygenation.22 

Aetiology and risk factors
The many factors that have been found to increase the risk of anastomotic leakage, 
suggesting it is most likely a multifactorial process. Early leakage within the first days 
following surgery is most likely due to iatrogenic factors such as technical failure of the 
anastomosis. During these first days, the strength of the anastomosis largely depends on 
the strength of the used biomaterials as collagenolysis exceeds production of the collagen 
matrix.23 During the following days, leakage is most likely caused by impaired healing due 
to insufficient perfusion and subsequent ischemia,  local inflammation, and patient factors 
(age, diabetes, smoking, alcohol abuse, obesity, NSAID use, steroid use, chemotherapy, 
radiation).24 Not surprisingly, those risk factors for anastomotic leakage are similar to those 
for impaired wound healing.25-27

Prevention
The only way to fully prevent anastomotic leakage is to abstain from restorative surgery 
and perform a Hartmann’s procedure with permanent end colostomy in all patients. 
However, methods to prevent leakage would be preferred to maintain quality of life for 
these patients.28 Other than appropriate patient selection, several technical interventions 
have been introduced to reduce the risk of leakage. Examples are double sutured 
anastomosis, stapled anastomosis, omentumplasty, reinforcement with tissue adhesives, 
and endoluminal covering of the anastomosis with products like the C-seal or intraluminal 
stents.29-33 Unfortunately, none of these methods has resulted in a significant reduction of 
the leakage rate in clinical studies so far. 

Treatment
In case that leakage does occur with subsequent peritonitis and sepsis, surgical treatment 
is required. The gold standard is the most radical option with laparotomy, resection of the 
anastomosis, closure of the distal segment and end colostomy of the proximal segment. 
Although effective, less invasive options might be an alternative. In some patients the 
anastomotic leak might be salvageable by suture, glue or resection and re-anastomosis.34,35  
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(figure 2) Or as investigated in part II of this thesis, all these options might be carried out by 
laparoscopy. 

Laparoscopy in colorectal surgery
The first laparoscopic procedure was a laparoscopy performed by a gynaecological patient 
back in 1901 in Russia.36 In these early days, laparoscopic was mainly used to diagnose 
diseases of the female reproductive organs. During the 20th century, laparoscopic surgery 
developed rapidly and nowadays a wide range of surgical procedures can be performed 
using the laparoscopic technique. Either within the abdominal cavity as in other spaces such 
as in the thorax, joints and soft tissue spaces.37

Figure 2. Adapted from Phitayakorn et al.34
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 In general, the benefits of laparoscopic surgery rely on the reduction of inflicted trauma 
due to the reduced incision length and more delicate tissue handling facilitated by the 
instruments and magnified camera view.  This results in less blood loss, less postoperative 
pain, and faster gastrointestinal and functional recovery.38 Although laparoscopic 
procedures usually took longer and the disposable instruments increased the procedure 
related costs, the reduction in hospital stay could compensate for these increased costs. 
The reduced length of incisions resulted in better cosmetic results and reduced the risk of 
wound infections and incisional hernia.39-41

 Due to the lack of knowledge and expertise in the early years of laparoscopy, the 
application of this new minimal invasive approach has long been limited to elective and non-
complex indications in low risk patients. However as expertise grows and the functionality 
and quality of the cameras and instruments improve, more patients can benefit from 
laparoscopic treatment. 

Effects of the pneumoperitoneum and CO2 insufflation
Surgical trauma is known to negatively influence the local and systemic inflammatory 
response as shown by elevated levels of CRP, interleukins and TNF-α during and up to days 
after surgery.42 While a less severe increase in these markers of the inflammatory response 
have been shown after laparoscopic surgery.43,44 The preserved immune competence is 
suggested to protect against tumour cell seeding and infectious complications. However, it 
is uncertain whether it is only the reduced surgical trauma, or the pneumoperitoneum and 
the CO2 insufflation that contribute to these effects.45 
 Insufflation with CO2 causes relative acidosis and increases the end-tidal CO2 levels if 
not compensated with mechanical hyperventilation. These effects are related to the used 
pressure and duration of the pneumoperitoneum. In healthy patients, these effects are 
non-significant, but their effects have been feared in patients with cardiac and pulmonary 
comorbidity and those with sepsis.45 However, these feared negative influence have not 
been seen in the clinical practise. In contrast, in the Dutch Surgical Colorectal Audit (DSCA) 
laparoscopic surgery compared to open surgery was most beneficial in high risk patients 
with regard to postoperative mortality (>70 years, 3% vs 5.2%; ASA III+, 5% vs 8.4% for 
laparoscopic and open surgery respectively).46

 In case of generalised peritonitis and sepsis, the immunologic effects are highly important 
to determine the safety of laparoscopic procedures in these patients. Concentrations of 
peritoneal cytokines such as TNF-α and IL-6 are shown to be lower after pneumoperitoneum 
compared to laparotomy in a septic animal model and CO2 is believed to have bacteriostatic 
properties.47 No bacterial translocation due to the increased pressure was seen in three 
animal studies in groups with CO2 laparoscopy, air laparoscopy and laparotomy, while 
others did show an increase in bacteraemia in septic animals after laparoscopy.47 Despite 
the contrasting results of animal studies, no signs of increased bacteraemia following 
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laparoscopic treatment of peritonitis have been shown in clinical studies in perforated 
appendicitis, cholecystitis and perforated diverticulitis.48 
 Additional difficulties and risks of the laparoscopic technique in peritonitis can be the 
presence of distended and vulnerable bowel, dense inflammatory masses and adhesions. All 
these factors can cause difficult visualisation of the focus and poor overview and therefore 
increase the risk of bowel injury with instruments used. However, laparoscopic treatment 
in small-bowel obstruction has already been shown to be safe and feasible in large patient 
series,49 as was laparoscopic surgery for peritonitis of several causes.50
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AIM AND OUTLINE OF THIS THESIS

As laparoscopic surgery has proven to be superior with regard to short term recovery 
following colorectal surgery, we expect similar benefits in patients with acute peritonitis. 
These benefits might even be larger in the presence of peritonitis and distended bowel, 
as the abdominal wall can be preserved in laparoscopic surgery and less additional trauma 
is inflicted. The hypothesized reduction of the inflammatory response can reduce septic 
complications, especially those related to SIRS. The aim of this thesis is to investigate 
minimally invasive strategies for the surgical treatment of colonic peritonitis, focusing 
on the laparoscopic treatment options for perforated diverticulitis (part I) and colorectal 
anastomotic leakage (part II). 

In chapter 2 we present the clinical results of the LOLA arm of the randomised Ladies trial 
comparing laparoscopic lavage to sigmoidectomy for purulent perforated diverticulitis. And 
chapter 3 describes the cost analysis of laparoscopic lavage in the same randomised trial. 
Chapter 4 describes the patients with purulent perforated diverticulitis within and outside 
of the LOLA-arm of the Ladies trial and compares predictors for postoperative outcomes 
such as surgical procedure and surgeon’s specalisation. Chapter 5 is a systematic review of 
the sparse evidence available on acute laparoscopic sigmoidectomy for the treatment of 
perforated diverticulitis. Laparoscopic sigmoid resection might be a valid alternative between 
laparoscopic lavage and open sigmoidectomy for perforated diverticulitis. Therefore, in 
chapter 6, we present a propensity matched cohort of patients with laparoscopic and open 
sigmoidectomy for perforated diverticulitis. Chapter 7 provides an overview of the available 
evidence and guidelines on all aspects of diverticulitis, including laparoscopic lavage and 
laparoscopic sigmoidectomy for the treatment of perforated diverticulitis. 
 The second part of the thesis addresses the laparoscopic treatment of anastomotic 
leakage following laparoscopic colorectal surgery. In chapter 8 we present our own cohort 
of patients with either laparoscopic or open reintervention following laparoscopic colorectal 
surgery. In chapter 9, we present a similar but larger series of patients from the Dutch 
Surgical Colorectal Audit. 
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ABSTRACT

Background 
Case series suggest that laparoscopic peritoneal lavage might be a promising alternative to 
sigmoidectomy in patients with perforated diverticulitis. We aimed to assess the superiority 
of laparoscopic lavage compared with sigmoidectomy in patients with purulent perforated 
diverticulitis, with respect to overall long-term morbidity and mortality.

Methods 
We did a multicentre, parallel-group, randomised, open-label trial in 34 teaching hospitals 
and eight academic hospitals in Belgium, Italy, and the Netherlands (the Ladies trial).	The 
Ladies trial is split into two groups: the LOLA group comparing laparoscopic lavage with 
sigmoidectomy and the DIVA group comparing Hartmann’s procedure with sigmoidectomy 
plus primary anastomosis. The DIVA section of this trial is still underway but here we report 
the results of the LOLA section. Patients with purulent perforated diverticulitis were enrolled 
for LOLA, excluding patients with faecal peritonitis, aged older than 85 years, with high-
dose steroid use (≥ 20 mg daily), and haemodynamic instability. Patients were randomly 
assigned (2:1:1; stratified by age [< 60 years vs ≥ 60 years]) using secure online computer 
randomisation to laparoscopic lavage, Hartmann’s procedure, or primary anastomosis in a 
parallel design after diagnostic laparoscopy. Patients were analysed according to a modified 
intention-to-treat principle and were followed up after the index operation at least once 
in the outpatient setting and after sigmoidoscopy and stoma reversal, according to local 
protocols. The primary endpoint was a composite endpoint of major morbidity and mortality 
within 12 months. This trial is registered with ClinicalTrials.gov, number NCT01317485.

Results
Between July 1, 2010, and Feb 22, 2013, 90 patients were randomly assigned in the LOLA 
section of the Ladies trial when the study was terminated by the data and safety monitoring 
board because of an increased event rate in the lavage group. Two patients were excluded 
for protocol violations. The primary endpoint occurred in 30 (67%) of 45 patients in the 
lavage group and 25 (60%) of 42 patients in the sigmoidectomy group (odds ratio 1.28, 95% 
CI 0.54–3.03, P = 0.58). By 12 months, four patients had died after lavage and six patients 
had died after sigmoidectomy (P = 0.43).

Conclusion
Laparoscopic lavage is not superior to sigmoidectomy for the treatment of purulent 
perforated diverticulitis.
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INTRODUCTION

Diverticular disease is the fourth most costly gastrointestinal disorder in developed countries 
with an estimated annual hospital admission rate of 209 per 100 000 adults in Europe.1,2 
The prevalence of this disorder increases with age and is estimated at 5% of people in their 
forties and can be as high as 80% in those aged older than 80 years.2,3 Of patients with acute 
diverticulitis, 8–35% presented with perforated disease with abscesses or peritonitis.2,4 

Perforated diverticulitis is graded according to the Hinchey classification,5 with abscess 
formation scored as Hinchey I or II, purulent peritonitis as Hinchey III, and faecal peritonitis 
as Hinchey IV.
 Laparoscopic peritoneal lavage has emerged as a promising alternative to sigmoidectomy 
in patients with purulent peritonitis owing to perforated diverticulitis. This non-resectional 
strategy was first described in 1996.6,7 In 2008, Myers and colleagues8 reported a 95% success 
rate of laparoscopic peritoneal lavage in 92 patients. 2 years later a systematic review9 of 
case series showed a mortality rate of less than 5% and a colostomy was avoided in most 
patients. Since these publications, laparoscopic lavage for purulent perforated diverticulitis 
has gained popularity because of its great potential to improve outcomes and reduce costs. 
Despite the absence of robust evidence from randomised trials, laparoscopic lavage has 
been embraced by many surgeons. Even some national and international guidelines state 
that it is a safe approach in purulent perforated diverticulitis.10,11

 The laparoscopic lavage (LOLA) group of the Ladies trial12 postulated that laparoscopic 
lavage compared with sigmoidectomy for purulent perforated diverticulitis would lead 
to a reduction in composite outcome of major morbidity and mortality in a randomised 
multicentre trial.
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METHODS

Study design and participants
The Ladies trial is a multicentre, parallel-group, randomised, open-label superiority trial done 
in 34 teaching hospitals and eight academic hospitals in Belgium, Italy, and the Netherlands. 
It was designed to compare laparoscopic lavage and sigmoidectomy for purulent perforated 
diverticulitis in the LOLA group and to compare Hartmann’s procedure versus sigmoidectomy 
with primary anastomosis in both purulent and faecal perforated diverticulitis in the DIVA 
group. Patients with signs of general peritonitis and suspected perforated diverticulitis were 
eligible for inclusion. Radiological examination by radiography or a CT scan had to show 
diffuse-free intraperitoneal air or fluid for patients to be classified as having perforated 
diverticulitis. Exclusion criteria were dementia, previous sigmoidectomy, pelvic irradiation, 
chronic treatment with high-dose steroids (>20 mg daily), being aged younger than 18 years 
or older than 85 years, and having preoperative shock needing inotropic support. Patients 
with Hinchey I and II perforated diverticulitis were excluded from the study and patients 
with Hinchey IV peritonitis or overt perforation could only be included in the DIVA group. 
The study protocol12 was approved by the ethical review board and written informed 
consent was obtained from all patients before randomisation. This study was investigator 
initiated and  designed in accordance with the Declaration of Helsinki and Good Clinical 
Practice guidelines.

Randomisation and masking
After preoperative informed consent was obtained by the surgeon or surgical resident, 
diagnostic laparoscopy was done to confirm the diagnosis of perforated diverticulitis and 
to distinguish between purulent and faecal peritonitis or overt perforation. Only patients 
with purulent perforated diverticulitis without overt perforation were randomly assigned 
within the LOLA group with secure online computer randomisation, either directly in the 
operating room or by the trial coordinator on the phone. Patients were randomly assigned 
(2:1:1) to receive either laparoscopic lavage, sigmoidectomy without primary anastomosis, 
or sigmoidectomy with primary anastomosis (with or without defunctioning ileostomy), 
allowing for a 1:1 comparison between lavage and sigmoidectomy in the LOLA group (figure, 
appendix). Patients with an overt perforation or faecal peritonitis were included in the 
DIVA group of the study and not analysed within the LOLA group. We used a random and 
concealed block size of 2, 4, or 6 for randomisation and stratified for age (younger or older 
than 60 years). Treatment allocation was not masked to patients, physicians, or researchers 
at any timepoint.
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Procedures
The procedures for surgery, reintervention, and stoma reversal have previously been 
described.12 To determine the presence of a sigmoid perforation, adherent tissues were 
carefully removed, but when firmly adherent, they were left in place. Laparoscopic lavage 
was done by irrigation with up to 6 L of warm saline throughout the abdominal cavity. A 
Douglas drain was inserted in the right lateral port site. Sigmoidectomy with primary 
anastomosis was done according to the guidelines of the American Society of Colon and 
Rectal Surgeons and the creation of a defunctioning ileostomy was at the discretion of the 
surgeon.13 
 4–6 weeks after laparoscopic lavage, sigmoidoscopy was done to exclude malignancy 
as the underlying cause of perforation. In the sigmoidectomy group, patients were offered 
stoma reversal if they were fit enough and willing to undergo surgery. Routine sigmoidectomy 
was not recommended for patients after laparoscopic lavage. 
 Patients were followed up after the index operation at least once in the outpatient setting 
and after sigmoidoscopy and stoma reversal, according to local protocols. If the patient was 
not in active follow-up by the surgeon at 12 months, the patient was contacted to verify the 
remaining follow-up. 

Outcomes
The primary endpoint of the LOLA group was a composite endpoint including major 
morbidity and mortality within 12 months. Major morbidity was defined as the occurrence 
of the following events or conditions: surgical reintervention, abdominal wall dehiscence, 
abscesses needing percutaneous drainage during the full period and urosepsis, myocardial 
infarction, renal failure, and respiratory insufficiency within 30 days after operation or in 
hospital.12 Elective stoma reversal surgery was not defined as morbidity or reintervention 
for either group, whereas elective sigmoidectomy after lavage was scored accordingly. 
Secondary outcomes were operating time, length of hospital stay, days alive and outside 
the hospital, short-term morbidity and mortality, incisional hernia, reinterventions within 
12 months, and health-related quality of life (measured with Short Form-36 version 2  
[SF-36v2], Gastrointestinal Quality of Life Index [GIQLI],14 and EuroQol 5D 3 level [EQ-5D-3L] 
questionnaires at 2, 4, 13, and 26 weeks). These timepoints were chosen to address both 
short-term and long-term postoperative recovery. Short-term morbidity and mortality were 
defined as within 30 days after operation or until discharge, if the patient was still admitted 
at that time. 
 We did a post-hoc analysis of the incidence of recurrent diverticulitis and the incidence of 
underlying perforated colorectal carcinoma diagnosed during follow-up. Failure of treatment 
was defined as persisting abdominal sepsis, resulting in surgical reintervention or death.15
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Statistical analysis
We calculated that a sample size of 264 patients for the LOLA group was needed to detect 
a 15% difference in the composite endpoint of major morbidity and mortality, with an 
expected rate of 25% in the sigmoidectomy group and 10% in the laparoscopic lavage 
group at 12 months. We used a two-sided likelihood ratio test and a power of 90%.12 The 
assumption of 10% major morbidity and mortality is based on the reported morbidity and 
mortality by Toorenvliet and colleagues,9 whereas 25% major morbidity and mortality was 
based on adjusted data from the scientific literature because we only included patients with 
a Hinchey III score and excluded those with Hinchey IV or other risk factors for postoperative 
morbidity and mortality according to our set exclusion criteria.16,17

 We designed a monitoring plan for source data verification on the basis of the assumption 
that the trial was a moderate-risk study. The first three participating patients in each centre, 
followed by a 50% sample control of the following included patients, were verified by an 
independent clinical research associate. The clinical research associate verified informed 
consent, inclusion criteria, adverse events, and adherence to Good Clinical Practice 
guidelines, with the resources available (eg, patient charts at the participating hospital). 
 In regular interim analyses, an independent data and safety monitoring board (DSMB) 
assessed the progress of the trial and examined safety variables after inclusion of every 25 
patients. Although no stopping rules were defined in the protocol, a formal DSMB charter 
was developed and approved by the central ethical committee. This charter allowed the 
DSMB to stop the study for safety or early superiority without any prespecified definitions. 
According to this charter, the DSMB assessed the progress and analysed outcomes on the 
basis of the data supplied by the researchers—eg, for early morbidity (<30 days) and major 
morbidity as defined in the study protocol. The DSMB was granted access to individual data 
for those patients with study-related severe morbidity and mortality.
 We analysed patients according to a modified intention to treat principle. We tested the 
primary endpoint using binary logistic regression analysis with post-hoc correction for the 
planned stratified age groups (<60 years and ≥60 years) with a two-sided significance level 
of 5%. We tested secondary outcomes with linear and binary logistic regression analysis 
with post-hoc correction for the planned stratified age groups (<60 years and ≥60 years) to 
compare groups. For categorical data and binary data with no events in one of the groups, we 
calculated numbers and percentages and compared these between groups with unadjusted 
Fisher’s exact test. We reported data with effect sizes, mean differences (MD), odds ratios 
(OR) and 95% CI, or with 1000 samples bias corrected and accelerated bootstrapped 95% 
CIs in the case of non-parametric data. We tested continuous variables for normality using 
the Shapiro-Wilk test and Q-Q plots. We summarised data as either means with standard 
deviations or medians (IQRs), depending on normality. 
 We did post-hoc subgroup analysis for the American Society Anesthesiologists physical 
status classification (ASA) grade because ASA grade differed significantly between the two 
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treatment groups at baseline. Subgroup analyses have been done with logistic regression 
analysis. 
 We used a complete case analysis approach apart from the quality of life questionnaires 
(SF-36v2, GIQLI, and EQ5D), assuming random missing data. All questionnaires were 
scored according to the relevant manuals and presented as domains and summarised 
scores. In cases of missing items within domains of the SF-36 and GIQLI, missing items 
were substituted with the mean value if at least half of the items in the subscale were 
known. When questionnaires were not returned for any of the four timepoints, missing 
data were imputed by linear interpolation if the  borderline timepoints (eg, 2 weeks and 
6 months) were available. Missing observations in the first or last timepoint were imputed 
with the first observation carried backward and last observation carried forward method. 
At least one returned questionnaire was needed for imputation of the missing timepoints. 
Questionnaire outcome comparisons were corrected for multiple testing with the Benjamini-
Hochberg method, although this correction was not prespecified in the protocol. The trial 
was registered with the trialregister.nl, number NTR2037 and ClinicalTrials.gov, number 
NCT01317485.

Role of the funding source
The funder of the study critically reviewed and adjusted the study design, but had no role in 
data collection, data analysis, data interpretation, or writing of the report. All authors had 
full access to all data in the study and had full responsibility for the decision to submit for 
publication.
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Figure. Trial profile
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RESULTS 

Between July 1, 2010, and the early termination of the trial on Feb 22, 2013, we randomly 
assigned 90 patients in the LOLA group; 47 patients were assigned to laparoscopic lavage 
and 43 to the sigmoidectomy. Patients were followed up for 12 months (figure). Two patients 
were excluded because of protocol violations of the inclusion criteria; one used high-dose 
steroids and the other was randomly assigned despite a known diagnosis of perforated 
rectal carcinoma at the time of surgery. One patient in the lavage group was lost to follow-
up at 12 months because he could not be located after he moved house.
 Patients in this trial were included from 30 hospitals (28 from the Netherlands, one 
Belgian, and one Italian). Because the registration of non-included patients seemed to be 
incomplete, a chart review was done in all participating hospitals in the Netherlands to verify 
the number of excluded and missed patients within the study period. In these hospitals, 
563 patients with acute surgery for perforated diverticulitis were identified of whom 186 
were eligible and underwent diagnostic laparoscopy, 77 were excluded with Hinchey I or 
II diverticulitis. Of 247 eligible patients with Hinchey III perforated diverticulitis, 84 were 
included in the LOLA group. Another six patients were included from foreign participating 
hospitals (appendix, table 1). 
 The baseline characteristic of patients included in this trial (table 1) did not differ from 
the eligible but not included patients (appendix). The mean age in the 88 analysed patients 
was 63 years (SD 12.5) and 51 (58%) were men. The proportion of patients with ASA grade 
III or IV was lower in the lavage group. The physiological score and operative severity score 
(POSSUM-OS) reported in the sigmoidectomy group was higher than that in the lavage 
group, but can be attributed to the two point higher procedure score for sigmoidectomy 
(appendix). 
 Within the sigmoidectomy group, 20 patients were allocated to sigmoidectomy with 
end colostomy and 22 to sigmoidectomy with primary anastomosis, of whom one was 
converted to a Hartmann’s procedure and one crossed over to laparoscopic lavage (because 
this patient could not be placed in the stirrups, needed to use the circular stapler because 
of recent knee surgery). 14 patients were  diverted with an ileostomy. One patient in the 
lavage group was converted to open Hartmann’s because of faecal contamination of the 
pelvis identified during lavage. Seven sigmoidectomies were completed by laparoscopy, all 
others were converted to open surgery  after randomisation. 
 The LOLA group of the Ladies trial was terminated early for safety reasons after the third 
planned interim analysis after 75 patients were enrolled, the data were reported to the 
DSMB on Nov 14, 2012. As the DSMB requested additional data, the final data on which the 
decision  was taken included 46 lavage and 40 sigmoidectomy patients from the LOLA group. 
During the first two analyses, the DSMB raised concerns about the safety of the patients 
in the lavage group because of the high short-term morbidity and reintervention rate, but 
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the numbers were too small to form a conclusion. At the third analysis, the interim data 
for in-hospital major morbidity or mortality was 16 (35%) of 46 in the lavage group versus 
seven (18%) of 40 (complete data were not available for 2 patients) in the sigmoidectomy 
group (P = 0.12), with 37 events in the lavage group and ten events in the sigmoidectomy 
group (P = 0.0005). Surgical reinterventions accounted for most of these adverse events 
with 18 (lavage) versus two (sigmoidectomy) in-hospital reinterventions (P = 0.0011) and 28 
(lavage) versus 11 (sigmoidectomy) overall surgical reinterventions (P = 0.0219). Therefore, 
the DSMB advised to us to end the LOLA group of the trial as the safety of the participants in 
the lavage group was at risk. As the safety concerns were limited to the laparoscopic lavage 
group, the DIVA group was continued as planned after the ethical committee approved the 
amended protocol. Therefore, data about the comparison between sigmoidectomy with 
and without primary anastomosis will not be presented until the remaining DIVA group is 
closed. 
 During the 12-month follow-up, no difference was reported in the incidence of 
the composite primary endpoint (30 patients in the lavage group vs 25 patients in the 
sigmoidectomy group; OR 1.28, 95% CI 0.54–3.03, P = 0.5804). This rate includes four (9%) 
and six (14%) patients who had died either  postoperatively or during the follow-up in the 
lavage and sigmoidectomy group (OR 0.53, 95% CI 0.13–2.15, P = 0.3772). Five patients 
died during their primary hospital stay or shortly thereafter, whereas the remaining five late 
deaths (two in the lavage group, three in the sigmoidectomy group) were unrelated to the 
study procedures (appendix).
 The mean operating time was shorter for the lavage group with 60 min compared with 
120 min in the sigmoidectomy group (mean difference [MD] -54.53, 95% BCa CI -68.04 to 
-40.26, P = 0.0010). The length of postoperative hospital stay did not differ between the two 
groups, 8 days (IQR 6–15) after lavage and 10 days (7–14) after sigmoidectomy (MD -0.62, 
95% BCa CI -8.34 to 6.38, P = 0.8751). 
 The combined major morbidity and mortality rate within 30 days after operation or in 
hospital was higher after laparoscopic lavage (18 [39%] patients in the laparoscopic lavage 
group compared with eight [19%] in the sigmoidectomy group [OR 2.74, 95% CI 1.03–7.27, 
P = 0.0427]), most of which could be explained with the higher rate of reinterventions in the 
lavage group (16 and three patients, OR 6.93, 95% CI 1.85–26.00, P = 0.0041). Short-term 
adverse events are summarised in table 2 and the appendix. 
 Sepsis was controlled successfully in the short term, defined as not needing surgical 
reintervention and being alive, in 35 (76%) of the patients in the lavage group and 38 (90%) 
of the patients in the sigmoidectomy group (appendix). Persistent sepsis in the lavage group 
needed surgical reintervention in nine patients and was caused by faecal peritonitis or 
overt perforation in six patients. One patient was diagnosed with an underlying carcinoma 
during pathological assessment. Seven patients had a Hartmann’s procedure, one a primary 
anastomosis with ileostomy, and one patient had four relaparotomies after laparoscopic 
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lavage, followed by delayed elective sigmoidectomy. Two other patients died from 
multiorgan failure.
 Three patients in the sigmoidectomy group needed reintervention because of an 
acute fascial dehiscence, an unconfirmed anastomotic leakage, and a negative second 
look laparotomy in a patient with an abdomen left open. One patient died because of 
massive arterial embolism and another two patients died shortly after extended hospital 
stay because of renal or respiratory failure. Routine pathological assessment revealed two 
patients with underlying carcinoma in the sigmoidectomy group, both treated with adjuvant 
chemotherapy.
 Stoma reversal surgery was done in five of 11 patients (one ileostomy, four of ten 
colostomies) in the lavage group and 24 of 35 in the sigmoidectomy group  (12 of 14 
ileostomies, 12 of 21 colostomies). Morbidity occurred in one patient in the lavage group 
and six patients in the sigmoidectomy group after stoma reversal, including one patient 
(lavage) and three patients (sigmoidectomy) with a surgical reintervention, after Hartmann’s 

Table 1. Baseline characteristics in randomly assigned patients with perforated diverticulitis

Laparoscopic lavage 
(n=46)

Sigmoidectomy 
(n=42)

Age, years 62.3 (12.7) 64.0 (12.3)
Sex
    Men
    Women

26 (57%)
20 (43%)

25 (60%)
17 (40%)

Body mass index (kg/m2) 27.6 (6.2) 27.0 (4.4)
ASA
 I
 II
 III
 IV
 missing

10 (22%)
21 (46%)
5 (11%)
3 (7%)

7 (15%)

8 (19%)
13 (31%)
13 (31%)

2 (5%)
6 (14%)

Previous diverticulitis 12 (32%) 10 (26%)
Previous laparotomy 4 (9%) 3 (7%)
Disease severity pre-operative
    APACHE-II 7.3 (4.2) 9.0 (4.8)
    POSSUM PS 20.8 (6.2) 22.8 (6.2)
    POSSUM OS 17.1 (0.5) 20.0 (2.2)
Interval from ER to surgery 13 (8 - 32) 13 (6 - 42)
Number of patients operated on 
by a gastrointestinal surgeon

37 (80%) 36 (86%)

Data are mean (SD) median (IQR) or number (%). ASA=American Society of Anesthesiologists classification. 
APACHE II=Acute Physiology and Chronic Health Evaluation II. POSSUM PS= Physiology and Operative Severity 
Score for the enumeration of Mortality and Morbidity – Physiology Score. POSSUM OS= POSSUM Operative 
Score. ER=moment of presentation at the emergency department. *n=40 in the laparoscopic lavage group; 
n=39 in the sigmoidectomy group. †n=38 in the laparoscopic lavage group; n=38 in the sigmoidectomy group. 
‡n=45 in the laparoscopic lavage group; n=41 in the sigmoidectomy group.
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reversal. No reversal-related mortality occurred (appendix).
 Laparoscopic lavage was successful in 24 (52%) patients in the long term, defined as no 
acute or elective surgical reintervention or related mortality, and 31 (74%) of the 42 patients 
alive never had a stoma (appendix). Seven patients had elective laparoscopic sigmoidectomy, 
of whom two were converted to laparotomy. Four had open surgery for colorectal cancer, 
of whom three were diagnosed during follow-up colonoscopy. The other patient presented 
with a colovesical fistula after 8 months. Two of these four patients developed metastases. 
Two patients that had acute reoperation after laparoscopic lavage needed additional surgical 
reintervention, including one haematoma after Hartmann’s reversal. 
 In the sigmoidectomy group, no further surgery was done in 13 (31%) patients, of whom 6 
never had a stoma (appendix). During follow-up, two patients needed surgical reintervention; 
one for revision of the obstructed anastomosis before the ileostomy could be reversed 
and the other patient needed splenectomy and video-assisted thoracoscopic surgery for 
a splenic abscess and thoracic empyema. Three more patients had surgical reintervention 
after Hartmann’s reversal, two postoperative haematomas, and one anastomotic leakage. 
 36 (78%) patients in the lavage group and 30 (71%) in the sigmoidectomy group were 
alive and stoma free after 12 months (OR 1.53, 95% CI 0.55–4.30, P = 0.4193). In each group, 
another six patients were alive but not stoma free at 12 months.
 Incisional hernia occurred in five patients each in both groups. Four of five hernias in the  
laparoscopic group occurred after conversion or relaparotomy, three had surgical repair. Of 
the five patients who had hernias in the sigmoidectomy group, only one parastomal hernia 
was corrected during colostomy reversal. Long-term adverse events are summarised in 
table 2 and the web  appendix. The number of days alive and outside the hospital during the 
12-month period did not differ between both groups (appendix).
 The response rate of the quality of life questionnaires varied between 56 (64%) of 88 
at 2 weeks and 52 (59%) of 88 at 6 months. 69 (78%) patients completed at least one of 
the questionnaires. No differences were identified in the main scores of the SF-36, GIQLI, 
and EQ5D questionnaires, and no subscale remained significant after the P-values were 
corrected post hoc for multiple testing (appendix). 
 In a post-hoc subgroup analysis for patients aged younger than 60 years or 60 years and 
above, the primary endpoint did not differ between the two treatment groups. Post-hoc 
stratified analysis for patients with a low ASA grade (I or II) or high ASA grade (III or IV) did 
not show a significant between-group difference in the primary outcome (OR 1.36, 95% CI 
0.51–3.62, P = 0.5337; appendix).
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Table 2. Serious adverse events, defined as major morbidity

Laparoscopic lavage  
(n = 46)

Sigmoidectomy 
(n = 42)

P-value

n patients n events n patients n events

Short term serious adverse events 18 (39%) 39 8 (19%) 14 0.0427

    Death 2 (4%) 2 1 (2%) 1 0.6237

    Surgical reintervention 9 (20%) 15 3 (7%) 3 0.1230

    Abcess with percutaneous 
drainage

9 (20%) 12 0 0 0.0027

    Fascial dehiscence 0 0 3 (7%) 3 0.1046

    Myocardial infaction 0 0 1 (2%) 1 0.4773

    Respiratory failure 6 (13%) 6 2 (5%) 2 0.1955

    Renal failure 2 (4%) 2 3 (7%) 2 0.9207

Long term serious adverse events 17 (37%) 30 17 (40%) 20 0.1156

    Death 2 (4%) 2 5 (12%) 5 0.1875

    Surgical reintervention 13 (28%) 16 5 (12%) 6 0.1156

    Abcess with percutaneous 
drainage

2 (4%) 4 2 (5%) 2 0.9207

    Fascial dehiscence 5 (11%) 5 5 (12%) 5 0.4359

    Sigmoid carcinoma 5 (11%) 5 2 (5%) 2 0.3047

Recurrent diverticulitis 9 (20%) 9 1 (2%) 1 0.0315

Composite primary outcome 
(major morbidity or mortality at 12 
months)

30 (67%) - 25 (60%) - 0.5804

Data are n (%) unless otherwise stated. Short term is defined as within 30-days or in-hospital, long term is 
defined as after 30-days or discharge and within 12 months. 
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DISCUSSION

In this study, which was terminated early, laparoscopic peritoneal lavage for purulent 
perforated diverticulitis did not result in a reduction in the composite endpoint of major 
morbidity and mortality compared with sigmoidectomy at 12 months. Although laparoscopic 
lavage did result in a higher acute reintervention rate, 76% of patients were discharged 
without further surgery. The higher morbidity rates did not result in excess mortality, 
suggesting that patients that fail lavage can be salvaged when reintervention is timely. 
 The 24% failure to control sepsis with lavage could be attributed to misdiagnosis of faecal 
peritonitis in most cases. As the phlegmon is often located at the pelvic entrance, occluding 
the view on Douglas pouch, the limited exploration as described in our study protocol 
might have resulted in these misdiagnoses. A third of the pathological specimens from the 
sigmoidectomy group showed a perforation, similar to the 37% perforations identified in 
the pathological specimens of a previous study. These rates suggest a similar rate of sealed 
or missed perforations in the lavage group.18 A CT scan with rectal contrast might be able to 
discriminate faecal from purulent peritonitis by showing contrast extravasation. However, 
the use of rectal contrast for acute abdominal CT scans is not routine practice and is barely 
discussed in guidelines.19

 The use of rectal contrast might also help to diagnose underlying colorectal carcinoma. 
Seven (8%) patients were diagnosed with a sigmoid carcinoma, which is not unusual 
compared with the 3% and 7% reported in two previous trials on perforated diverticulitis.20,21 
These carcinomas have been responsible for a third of the elective sigmoidectomies in the 
lavage group. 
 At the time we initiated the Ladies trial, the evidence for laparoscopic lavage consisted 
of limited and low quality evidence from case series. A success rate of 96% for laparoscopic 
lavage with low mortality (2%) and morbidity (10%) was reported in a systematic review 
including 231 patients from 13 papers.9 More recently published case series show higher 
failure rates of up to 34% and a morbidity rates up to 56% for laparoscopic lavage15,22 (panel 
and appendix). The favourable results of the largest series by Myers and colleagues8 and 
several other series might have a selection bias because the complete population from 
which these patients were selected was not described and a large proportion of patients 
without perforation (Hinchey II) were included. The excellent results of the early case series 
are unlikely to be reproduced in large randomised controlled trials because selection bias is 
usually stronger in the series and the patient’s condition is a major predictor of postoperative 
outcomes.17 
 Although the results of laparoscopic lavage were not as good as expected, the 30-day 
mortality rate of 2% in the sigmoidectomy group of this study was low compared with 
previous studies. However, these previously reported rates of 10–22% include patients with 
faecal peritonitis, with a reported odds ratio for increased mortality of 3.9 in patients with 
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faecal peritonitis.17,27,28 

 While designing the study, we assumed that taking the short-term morbidity and mortality 
as the primary endpoint would underappreciate the benefits of lavage. We expected that in 
the sigmoidectomy group more late surgeries—eg, abdominal wall repairs, and morbidity 
associated with stoma closure—would occur. Stoma closure was part of the sigmoidectomy 
strategy and therefore not counted as an adverse event. Our power calculation was done on 
the basis of a 15% difference in the composite endpoint. Both the 10% and 25% for lavage 
and sigmoidectomy were conservative estimates, allowing for a clinically relevant difference 
and sufficient group size to avoid an underpowered study. 
 Traditionally, surgical studies focused on morbidity and mortality and used these as primary 
outcomes. Similar outcomes are used in the other trials on perforated diverticulitis.24–26 

Other definitions of success can be used provided that no excess mortality exists in one of 
the study groups—eg, no further surgery, never having had a stoma, and enabling delayed 
laparoscopic surgery. 
 Because of the design of the study, it had insufficient power to conclude on non-
inferiority. A non-inferiority trial with mortality as the primary endpoint would need a very 
large sample size, while patient accrual in emergency trials has been shown to be difficult.29 

Two earlier randomised trials of perforated diverticulitis were terminated at less than half 
of the calculated sample size because of a declining accrual rate.20,21 
 Because of the parallel randomisation in the DIVA group, the ostomy reversal rate in the  
sigmoidectomy group was affected by the allocation to Hartmann’s or primary anastomosis. 
However, this was not expected to affect the 12-month morbidity and mortality rate in our 
study because no differences were shown in recent randomised trials.20,21

 Although no differences between groups could be identified in the quality of life 
questionnaires, we did not collect data for patients’ satisfaction with the long-term result 
of the treatment. A higher satisfaction might be expected in those patients who never had 
a stoma and never needed additional surgery, even if an interventional drain had been 
necessary.
 Strengths of this study include conduct according to Good Clinical Practice principles and 
source verification of the data by an independent monitor. Running investigator driven trials 
according the Good Clinical Practice principles is uncommon in surgery, but was demanded 
by the Dutch Inspectorate of Health Care after irregularities reported in the conduct of the 
Dutch PROPATRIA study.30 
 Another important strength of the study is that we were able to account for the eligible 
but not included patients. In this way, we have been able to assess and rule out a patient 
selection bias despite the low accrual rate of 34%. The participation of a large number of 
hospitals strengthens the external validity and applicability of the study results. At the same 
time, the low number of included patients per hospital can be seen as a weakness because 
of heterogeneity.
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 We conclude that laparoscopic lavage is not superior to sigmoidectomy for the treatment 
of purulent perforated diverticulitis in terms of major morbidity and mortality at 12 months. 
Although the acute reintervention rate was higher after lavage, in more than three-quarters 
of these patients, the sepsis was controlled. No excess mortality was present in patients 
who failed lavage. Optimisation of preoperative imaging is warranted to identify those 
patients who are likely to fail lavage because of the presence of a persistent perforation or a 
perforated carcinoma. Pooling of the forthcoming data of the other perforated diverticulitis 
trials (DILALA, LapLAND, and SCANDIV)24–26 with our data  might identify additional 
factors that contribute to an improved selection of patients that either need lavage or 
sigmoidectomy in the acute setting.
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PANEL: RESEARCH IN CONTEXT

Systematic review
As an update of the systematic review by Toorenvliet and colleagues,9 we searched Medline 
and the Cochrane Library for studies on laparoscopic lavage in patients with perforated 
diverticulitis using the keywords “diverticulitis”, “periton*” and “laparoscop*” up to Nov 
24, 2014. We screened the relevance of the studies by assessment of titles, abstracts, and 
full texts published in all languages and were able to identify 13 studies about laparoscopic 
lavage in addition to the 13 series in the previous review. Study quality assessment was 
done according to a modified checklist adapted from Downs and Black (appendix).23

 No published randomised trials were identified; however, three other randomised trials 
are currently underway to compare laparoscopic lavage with sigmoidectomy for purulent 
perforated diverticulitis (DILALA,24 LapLAND,25 and SCANDIV26 trials). The 26 identified 
studies were case series (22), comparative studies (three), or population-based cohorts 
(one). They included 898 patients in 20 original reports and six were about a previously 
reported or extended series. Of the included patients, 324 had Hinchey III perforated 
diverticulitis in addition to an unknown proportion of the 427 patients from the population 
study.

Interpretation
Our trial is the first randomised trial to report the long-term results of laparoscopic lavage 
and sigmoidectomy for purulent perforated diverticulitis. The trial was stopped early at 33% 
of the planned sample size as advised by the Data Safety Monitoring Board because of the 
high major morbidity and mortality rate in the lavage group. Despite the promising results 
of previous case series, our study could not show superiority of laparoscopic lavage with 
regard to major morbidity and mortality. Failure to properly distinguish Hinchey III from 
Hinchey IV perforated diverticulitis and underlying colorectal cancer accounted for most 
of the lavage failures. Improved preoperative diagnostics—eg, CT-scan with rectal contrast 
might optimise the results of laparoscopic lavage.
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ABSTRACT

Background
Laparoscopic peritoneal lavage is a promising alternative for sigmoidectomy in selected 
patients presenting with perforated diverticulitis. Although current results on morbidity and 
mortality do not show significant differences, the secondary outcomes can guide the choice 
for treatment. This paper presents the cost analysis of laparoscopic lavage for perforated 
diverticulitis.

Methods
An economic evaluation of the randomised LOLA-arm of the Ladies trial was conducted, 
comparing laparoscopic lavage (LL) to sigmoidectomy (SR) in patients with purulent 
perforated diverticulitis. We prospectively documented the actual resource use per 
individual patient for each study group according to intention-to-treat until one year after 
randomisation.

Results
Eighty-eight patients were included, of whom 46 had LL and 42 SR. The total costs  showed 
a non-statistically significantly reduction of costs for lavage (mean difference for lavage  
€ -6 262 [95% BCaCI -20 394 to 5 013]). Surgical reinterventions increased costs in the lavage 
group, while stoma reversal and production losses increased costs in the sigmoidectomy 
group.  Differences in favour of laparoscopy were robust by varying costs by ± 20% in a 
sensitivity analysis.

Conclusion
Laparoscopic lavage for purulent perforated diverticulitis resulted in a € 6 262 cost reduction 
compared to sigmoidectomy. Laparoscopic lavage warrants further investigation as more 
careful patient selection has the potential to improve overall outcomes and further reduce 
cost. 
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INTRODUCTION

Diverticular disease is one of the most costly gastrointestinal disorders with an estimated 
incidence of 1.85 per 100 000 per year for purulent perforated diverticulitis.1-3 Case series 
have shown laparoscopic peritoneal lavage as a promising alternative for sigmoidectomy 
in patients with purulent peritonitis due to perforated diverticulitis. This non-resectional 
strategy was first described in 1996.4,5 A systematic review of case series showed a 
mortality rate under five percent and a colostomy was avoided in the vast majority of 
patients.6 However prospective studies have not been able to reproduce these successes 
in a randomised setting.7-9 In these trials, laparoscopic lavage did not result in a reduction 
of major morbidity and mortality. However, the shorter duration of surgery and reduction 
of stoma formation and associated costs might still result in patient benefit and an overall 
reduction in the cost of laparoscopic lavage compared to sigmoidectomy. 

We performed an economic evaluation of laparoscopic lavage compared to 
sigmoidectomy for purulent perforated diverticulitis based on the patients randomised 
within the LOLA arm of the Ladies trial. 
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METHODS

Patients
This economic evaluation was conducted as part of the Ladies trial, a randomised open 
label multicentre trial comparing laparoscopic lavage with sigmoidectomy for perforated 
diverticulitis. Details about the design, conduct and clinical findings have been reported 
elsewhere.7,10 In brief, patients with suspected perforated diverticulitis, clinical signs of 
general peritonitis and radiological findings of diffuse free intraperitoneal air or fluid 
were eligible for inclusion. Exclusion criteria were dementia, prior sigmoidectomy, pelvic 
irradiation, chronic treatment with high dose steroids (>20mg daily), age under 18 or 
over 85 years and preoperative shock requiring inotropic support. Patients with Hinchey 
I and II perforated diverticulitis were excluded from the study, and patients with Hinchey 
IV peritonitis or overt perforation could only be included in the DIVA-arm. The DIVA-arm 
is ongoing, while this laparoscopic lavage (LOLA) arm was terminated early due to safety 
concerns at the planned interim analysis. At that moment 88 patients with purulent 
peritonitis were included in the LOLA-arm. 

A total of 30 academic and teaching hospitals included patients in the trial of whom 
28 from The Netherlands. A total of 88 patients were randomised and analysed in de 
LOLA-arm.  No differences in baseline characteristics were found between the lavage and 
sigmoidectomy groups. The 12-month composite primary outcome of major morbidity and 
mortality showed no difference between both groups (LL 30 vs SR 25 patients; OR 1.28 [95% 
CI 0.54 to 3.03]; P = 0.5804). More details on the baseline data and clinical outcomes can be 
found in the publication of clinical outcomes.7

The study protocol was approved by the ethical review board and written informed 
consent was obtained from all patients prior to randomisation. This study was investigator 
initiated and designed in accordance to the declaration of Helsinki and Good Clinical Practice 
(GCP) guidelines. The study is registered with ClinicalTrials.gov (NCT 01317485) and the 
original study protocol includes the economic evaluation presented here.10

Economic evaluation 
The planned economic evaluation in the protocol estimated the costs and cost-effectiveness 
of laparoscopic lavage versus sigmoidectomy up to 12 months following randomisation from 
a societal perspective in The Netherlands. Health outcomes in the cost-effectiveness analysis 
were major morbidity and mortality up to 12 months and quality-adjusted life-years (QALYs) 
at 12 months. As no difference has been shown on both primary clinical outcome and QALY 
between groups in the primary paper, a cost-effectiveness or cost-utility analysis would 
not provide any useful information and was therefore not performed. Also, a model-based 
analysis was planned to extrapolate the results of lavage and estimate the effectiveness and 
cost-effectiveness for both treatment options on long-term (4 years). As sufficient evidence 
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on long term outcomes of lavage beyond 1 year is lacking in literature, no sensible long term 
analysis could be performed.

Resource utilisation
Health care utilisation and use of other resources were prospectively documented for 
individual patients according to the predefined protocol.10 Resource use was documented 
within the study clinical record forms or retrieved from the regular questionnaires. There 
was no additional study related resource use or costs. Data for resource utilization included 
(a) the primary hospital admission (e.g. ward stay and ICU stay ) and primary surgery, (b) all 
additional procedures including surgical reinterventions and percutaneous interventions, 
(c) additional diagnostic imaging (e.g. diagnostic plain x-rays and CT-scans), (d) readmissions 
(e) stoma care, stoma reversal surgery and related hospital admission (f) outpatient 
consultation visits (with surgeon, gastroenterologist, general practitioner, physiotherapist 
or company physician), and (g) formal home care (assistance with household tasks, personal 
care or nursing) (direct medical costs).

Direct non-medical costs included out-of-pocket costs concerning travel expenses and 
informal home care. Direct medical and non-medical resource use was documented in 
patient reported questionnaires at 1, 3, 6, 9 and 12 months. Finally, indirect non-medical 
costs as a result of absence from paid work or lowered productivity while at work were 
determined using the Health and Labour Questionnaire at  1, 3, 6, 9 and 12 months.11 
The friction costs method was used to estimate the duration of lost productivity, with age 
adjusted average daily wages based on the Dutch guideline.12 

Unit costs
Estimates of unit costs were derived from several different sources: (1) The Dutch Guideline 
on unit costing in health care,12 (2) the Hospital Costs ledger 2012 from the Academic 
Medical Center, Amsterdam, The Netherlands (AMC) based on top-down cost calculations, 
and separate bottom-up cost calculations within the AMC for the costs of the index surgical 
procedures. These bottom-up calculations were performed for laparoscopic lavage and 
laparoscopic and open sigmoidectomy with and without primary anastomosis. For the 
sigmoidectomy group the mean costs for each randomized patient were calculated based 
on the actual ratio of these different possible procedures. All costs were expressed in Euros 
and inflated when necessary to 2012, using the price index rate for the Dutch healthcare 
sector (table 1 and table S1). If different unit costs were available for academic and non-
academic hospitals, each was applied to the respective patients. 
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Statistical analysis
Resource use per individual patient was multiplied by unit costs, and total costs per patient 
were calculated. Mean resource use and mean costs per patient for the two groups were 
reported. As most volumes of resource utilisation follow a skewed distribution, 95% 
confidence intervals around the differences in mean costs were calculated by bias corrected 
and accelerated (BCa) bootstrapping. Bootstrapping generates multiple replications of the 
statistic of interest by sampling (1000 samples) with replacement from the original data.13 

Robustness of the results for uncertainty in the assumptions and estimates were 
evaluated in sensitivity analyses, by varying unit costs for pertinent volumes of health care 
utilisation and a subgroup analysis based on age.

All analyses were performed for the randomised groups according to the intention-to-
treat principle with costs calculated for the actually performed procedure. Analyses were 
performed using IBM SPSS version 22.0 software and R version 2.13.1. 

Table 1. Unit costs in Euros (€) for major resources used, indexed to 2012

Costs (€) Unit

Laparoscopic lavage
Hartmann’s procedure
Primary anastomosis

2 015.63
2 847.84
3 437.23

Procedure
Procedure
Procedure

Surgical ward
Intensive care

485.43
2 318.80

Day
Day

Ileostomy reversal
Colostomy reversal

2 464.75
3 694.05

Procedure
Procedure

Percutaneous drainage
Acute relaparotomy

161.85
3 226.77

Procedure
Procedure

Elective sigmoid resection
Incisional hernia repair

3 960.50
1 211.15

Procedure
Procedure

Table 2. Baseline characteristics and clinical outcomes

Laparoscopic lavage 
n = 46

Sigmoidectomy 
n = 42

Age, years 62.3 (12.7) 64.0 (12.3)

Gender ratio M:F 26 : 20 (57 : 43) 25 : 17 (60 : 40)

Duration of surgery, minutes 60 (48 - 82) 120 (99 – 150)

Laparoscopic lavage
Hartmann’s procedure
Primary anastomosis

45
1
0

1
21
20
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RESULTS

A total of 88 patients were randomised and analysed in the LOLA-arm, 46 patients in the 
laparoscopic lavage (LL) and 42 in the sigmoidectomy (SR) group (20 sigmoidectomy with 
end-colostomy and 22  sigmoidectomy with primary anastomosis of whom 14 diverted 
with an ileostomy). All 88 randomised patients were included in the cost analysis. Baseline 
characteristics are presented in table 2. For the the Health and labour questionnaire used to 
determine production losses the response rate was 55 (64%) of 86 patients alive at 2 weeks 
and 49 of 78 (63%) patients alive at 12 months. 69 (78%) patients completed at least one of 
the questionnaires.

A summary of mean and median costs per patient per group, including mean differences 
is presented in table 3. Total costs of the 12 month study period was € 27 077 per patient 
in the lavage group and € 33 339 per patient in the sigmoidectomy group (mean difference 
(MD) € -6 262 95% [BCaCI -20 394 to 5 013]). During the index admission a trend for lower 
costs for lavage was seen (MD € -1 834 [95%BCaCI -13 866 to 7 976]) while stoma care 
and stoma reversal related costs were lower in the lavage group (MD € -4 821 [95%BCaCI  
-7 409 to -2 560]). The high number of reinterventions in the lavage group resulted in a 
non-statistically significant increase in costs (MD € 2 912 [95%BCaCI -478 to 6 355]). Direct 
costs were comparable, but indirect costs (productivity losses) were lower following lavage, 
although statistically not significant (MD €-2 789 [95%BCaCI -2 789 to 1 810]).

Figure 1. Patients ranked per group for total costs at 12 months
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Table 4. Sensitivity analyses

Laparoscopic 
lavage
(n = 46)

Sigmoidectomy
(n = 42)

Cost 
difference

95% BCaCI

Base analysis 27 077 33 339 -6 262 -18 330 to 6 006

Index surgery
-	50%
+	50%

26 040
28 113

31 784
34 894

-5 744
-6 780

-18 294 to 6 806
-19 311 to 5 750

Hospital stay (ward, ICU)
-	20%
+	20%

23 804
30 919

20 195
37 002

-6 692
-6 083

-17 071 to 4 288
-20 780 to 8 613

Stoma associated costs
-	20%
+	20%

26 723
27 715

32 021
34 917

-5 298
-7 202

-17 696 to 7 100
-20 023 to 5 620

Acute or elective relaparotomy
-	20%
+	20%

26 648
27 790

33 175
33 762

-6 527
-5 972

-18 929 to 5 874
-18 773 to 6 828

Production losses
-	20%
+	20%

27 015
27 708

32 695
34 503

-5 680
-6 795

-18 198 to 6 838
-19 636 to 6 046

Total costs of each group and mean differences in a sensitivity analysis. The costs of the named cost group are 
increased or decreased by the named percentage, all other cost groups remained constant. 

A small proportion of patients contributed to the majority of the costs as shown by 
ranking the costs in figure 1. The 10% most expensive patients contributed to 33% of the 
total costs, mostly caused by prolonged hospital and ICU stay in these patients. 

Sensitivity analyses
Sensitivity analysis was used to account for the uncertainty around the calculated costs. 
Costs are known to vary between hospitals and countries and therefore we used ± 20% for 
the major cost groups. For index procedure costs, we calculated ± 50% as especially these 
costs tend to vary between hospitals. The total cost difference of these sensitivity analyses 
varied between -5 298 and -7 202 Euros in favour of laparoscopic lavage, demonstrating 
consistently higher costs associated with sigmoidectomy (table 4).

The impact of production losses on the overall costs was limited as due to their age, 
only a minority of the included patients had paid work. When calculating production losses 
for the group <60 years old (n = 17 lavage, n = 16 resection), the losses were higher in the 
resection group (lavage € 2 578 vs resection € 11 230, MD -8 652 [95%BCaCI -17 879 to  
-1 448]; P = 0.045), contributing to further reduction of the total costs at 1 year in the lavage 
group (lavage € 24 612 vs resection € 36 239 MD -11 627 [95%BCaCI -27 573 to 6 706];  
P = 0.174).
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Table S1. Dutch unit costs in Euros for resources, indexed to 2012

Unit Costs (€) Valuation method or source Unit source

Index surgery

    Laparoscopic lavage 
    Hartmann’s procedure
    Primary anastomosis

Procedure
Procedure
Procedure

2 056.63
2 847.84
3 437.23

Hospital ledger/ Bottom-up
Hospital ledger/ Bottom-up
Hospital ledger/ Bottom-up

CRF
CRF
CRF

Hospital admission

    Surgical ward
    Intensive care unit

Day
Day

485.43
2 318.80

Dutch Costing Manual
Dutch Costing Manual

CRF
CRF

Stoma reversal

    Ileostomy reversal
    Colostomy reversal

Procedure
Procedure

2 464.75
3 694.05

Hospital ledger/ Top-down
Hospital ledger/ Top-down

CRF
CRF

Acute reinterventions

    Percutaneous drainage
    Relaparotomy

Procedure
Procedure

161.85
3 226.77

Hospital ledger/ Top-down
Hospital ledger/ Top-down

CRF
CRF

Elective reinterventions

    Sigmoid resection
    Incisional hernia repair

Procedure
Procedure

3 960.50
1 211.15

Hospital ledger/ Top-down
Hospital ledger/ Top-down

CRF
CRF

Diagnostic procedures

    Chest/abdominal x-ray
    Abdominal CT-scan
    Abdominal ultrasound

Procedure
Procedure
Procedure

64.97
184.68
146.19

Hospital ledger/ Top-down
Hospital ledger/ Top-down
Hospital ledger/ Top-down

CRF
CRF
CRF

Consultations

    Emergency care
    General practitioner
    Company physician
    Medical specialist

Visit
Visit
Visit
Visit

160.39
29.74
29.74
76.48

Dutch Costing Manual
Dutch Costing Manual
Dutch Costing Manual
Dutch Costing Manual

Questionnaire
Questionnaire
Questionnaire
Questionnaire

Stoma care

    Stoma nurse visits
    Ileostomy materials
    Colostomy materials

Year
Day
Day

64.77
14.95
17.34

Dutch Costing Manual
Supplier/Health insurance
Supplier/Health insurance

CRF
CRF
CRF

Home care

    Nursing
    Informal care

Hour
Hour

37.18
13.28

Dutch Costing Manual
Dutch Costing Manual

Questionnaire
Questionnaire

Travel expenses

    General practitioner
    Hospital visit

Visit
Visit

3.65
6.16

Dutch Costing Manual
Dutch Costing Manual

Questionnaire
Questionnaire

Production loss Hour 31.89 Dutch Costing Manual Questionnaire
DCM: Dutch Costing Manual for health care research [Handleiding voor kostenonderzoek] version 2010. 
L. Hakkaart-van Roijen, S.S. Tan, C.A.M. Bouwmands. Institute for Medical Technology Assessment (iMTA), 
Erasmus University Rotterdam, The Netherlands
Hospital ledger 2012 from the Academical Medical Centre, Amsterdam, The Netherlands
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DISCUSSION

This paper presents the economic evaluation of the randomised Ladies trial comparing 
laparoscopic lavage and sigmoidectomy for purulent perforated diverticulitis.  The mean 
costs for lavage were € 6 262 lower compared to sigmoidectomy and remained in favour of 
lavage in all sensitivity analysis by at least € 5 000, although none of the comparisons were 
statistically significant. 

Although laparoscopic lavage was not superior to sigmoidectomy with regard to the 
primary clinical outcome, so beneficial secondary outcomes were shown.7 In three quarters 
of the patients, laparoscopic lavage was successful in controlling the abdominal sepsis and 
these patients did not require acute surgical reintervention. Although these reinterventions 
accounted for an increased postoperative morbidity rate in the lavage group, a similar 
rate of other adverse events occurred and postoperative hospital stay was not increased 
with 8 days in the lavage group compared to 10 days median in the sigmoidectomy group. 
Postoperative mortality was low in both groups (lavage 2 patients [4%], sigmoidectomy 1 
patient [2%]). 
 With the current data up to 12 months, one can only assume whether or not it is a benefit 
or not for the 50% of patients in the lavage group who did not underwent sigmoidectomy 
in the acute or elective phase.  By avoiding acute surgery, most late sigmoidectomies could 
be performed laparoscopically and with primary anastomosis without loop ileostomy. 
Therefore quality of life is maintained, additional stoma reversal surgery avoided and the 
risk of abdominal wall hernia reduced by avoiding laparotomy.14 

The cost differences in the several subgroups of the analysis are in line with the clinical 
outcomes reported previously. Some factors reduce costs, such as the shorter duration of 
surgery, while others increase costs such as the more frequent surgical reinterventions in 
the lavage group or the stoma reversal surgery in the resection group. Postoperative hospital 
stay is the single highest cost for both groups, followed by the costs for initial surgery and 
reinterventions in the lavage group and productivity losses, stoma care and reversal surgery 
in the resection group. Only the difference in costs of the initial surgery, stoma care and 
stoma reversal surgery resulted in significantly lower costs for the lavage group, while 
elective reinterventions accounted for a significant increase in costs for these patients. 

As stoma costs contribute strongly to the increased costs in the resection group, it is 
important to note that 50% of these patients had Hartmann’s procedure and 50% primary 
anastomosis as randomised within the ongoing DIVA part of the trial. Based on the non-
included patients, we can say that in current practise about 65% of patients would undergo 
Hartmann’s procedure, 15% primary anastomosis and 20% lavage. With these ratios, cost 
would be even more in favour of lavage due to the high stoma associated costs. On the 
other hand, if the results of the DIVA arm will indeed show reduced stoma free survival 
for patients in the primary anastomosis group with equal or improved morbidity rates, the 
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relative cost reduction for lavage might even disappear. 
These calculations have been performed for a 1 year follow up in the Ladies trial, but 

could not be extrapolated to a longer period of time due to lack of reliable data on the long 
term follow up of lavage. As 40% of patients with Hartmann’s procedure never get a reversal, 
this remains a source of expenses throughout the life of these patients by approximately 
€ 6 200 a year (€ 17 * 365 days).15 Patients without a stoma in the lavage group would not 
have any expected additional health costs, unless additional medical treatment or surgery 
is required for recurrent diverticulitis. As 50% of the lavage patients in the LOLA arm had 
sigmoidectomy within the first year, the other 50% might be at risk for recurrence and 
resection in the following years.7 In the series by Meyers et al. none of the initial successfully 
managed patients required elective sigmoidectomy for recurrent diverticulitis and only 
2/88 were readmitted due to a recurrence.16 Overall this rate was 38% in the meta-analysis 
presented in the supplemental data of the LOLA publication, but varied between 0-100% 
as some performed routine resection.7 When excluding those series reporting 0 or 100%, 
a sigmoidectomy rate of 54% was observed, but less than half of the studies reported the 
length of follow-up and moment of sigmoidectomy. Although data is limited, there is no 
evidence for a high rate of sigmoidectomy after 12 months following laparoscopic lavage. 

This study has some strengths and limitations to point out. One of the strengths is that 
the economic evaluation was carried out within a randomised controlled trial. All data on 
resource use was prospectively collected on each individual patient on the same CRF as 
the clinical data, supplemented by patient reported data from standardised and validated 
questionnaires. Randomisation and stratification resulted in equal distribution of age and 
other risk factors among groups. Therefore all included patients could be included in the 
cost analysis, unlike previous randomised trials on laparoscopy for colorectal diseases.17, 18

An important limitation is the fact that all costs and resources are based on the Dutch 
healthcare system and costs. Although we calculated costs from a societal perspective, we 
used the direct costs of the resources and not the reimbursement tariff for diverticulitis 
as set by the Dutch health care insurance system as the latter does not depend on actual 
procedures performed for each individual patient. Only a small number of patients were 
included in the foreign hospitals in Belgium and Italy and therefore a reliable secondary cost 
estimate could not be provided. Previous randomised studies on colorectal surgery reported 
a wide spectrum of mean costs of the index colorectal resection. The reported costs for 
elective open colorectal resection varied  between £ 1 38619,  € 2 32217 and € 5 30618 in 
these studies, while in our study, the costs for acute sigmoid resection were calculated as 
an average of € 3 110 (€ 2 800 for open Hartmann’s up to € 4 791 for laparoscopic primary 
anastomosis). To allow for international interpretation, a sensitivity analysis for all important 
subgroups of costs has been performed by varying the unit costs of each subgroup by -50% 
to +50%. Although none of the calculated total costs were significantly different between 
both groups, there was a robust reduction in costs for laparoscopic lavage across all analyses. 
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As the study was terminated early, at just over 30% of the originally calculated sample 
size, the power was insufficient to show a significant reduction in costs for the lavage group. 
At the same time, better selection of patients eligible for laparoscopic lavage eg. avoiding 
the inclusion of perforated colon cancer and Hinchey IV patients might improve clinical 
outcomes and lower surgical reintervention rates with the potential to shift the observed 
trend of cost reduction towards significance.
 In conclusion, laparoscopic lavage for purulent perforated diverticulitis resulted in 
a statistically non-significant reduction of the costs per patient by €6 262 compared to 
sigmoidectomy in the first randomised trial reporting on complete 1 year outcomes. 
Therefore in addition to the clinical outcomes reported before, the use of laparoscopic lavage 
in selected patients is justified but not clearly superior to sigmoidectomy. Laparoscopic 
lavage warrants further investigation as more careful patient selection has the potential to 
improve overall outcomes and reduce costs. 
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ABSTACT

Background
Recent randomised trials could not show a reduction in morbidity and mortality for 
laparoscopic lavage compared to Hartmann’s procedure for perforated diverticulitis. This 
study aims to determine predictive factors for postoperative morbidity and mortality in 
purulent perforated diverticulitis. 

Methods
Consecutive patients with purulent perforated diverticulitis from 28 Dutch teaching 
hospitals operated on between July 2010 and July 2014 within or outside the LOLA-arm 
of the Ladies trial were included. Exclusion criteria were: age >85 years, >20mg steroids 
daily, hemodynamic instability, previous sigmoid surgery and pelvic irradiation, for both the 
patients within and outside the Ladies trial.

Results 
A total of 229 non-randomised patients and 88 randomised patients with purulent perforated 
diverticulitis within the LOLA-arm of the Ladies trial were included. Treatment within the 
trail or not did not influence outcomes. In a regression model non-gastrointestinal surgeons 
(OR 16.3 95% CI 2.1-126.4; P = 0.008) and higher APACHE-II scores (OR 1.3 95%CI 1.1-1.6;  
P = 0.009) predicted increased mortality. In a similar model for severe morbidity, only each 
point increase in APACHE-II score could predict worse outcome (OR 1.1 95%CI 1.0-1.2;  
P = 0.008). 

Conclusion 
Treatment within or outside a randomised trial as well as the type of surgical procedure 
did not influence postoperative morbidity and mortality following purulent perforated 
diverticulitis. Gastrointestinal surgeons achieved significantly lower mortality rates 
compared to other surgeons. Therefore, perforated diverticulitis should be treated by a 
specialised surgeon regardless of the type of surgical approach. 
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INTRODUCTION 

Since the introduction of the Hartmann’s procedure, it has been the gold standard for 
treatment of acute perforated diverticulitis. During the last decades, the role of non-surgical, 
percutaneous drainage and minimally invasive surgical options has increased. Patients with 
Hinchey I and II disease no longer undergo acute surgery, Hinchey III might be treated with 
laparoscopic peritoneal lavage or percutaneous drainage and for those requiring resection, 
laparoscopy and primary anastomosis are also an option.1 Case series suggested these new 
non-surgical and non-resectional therapies seem very promising with lower morbidity (<10%) 
and mortality rates (<5%) compared to those known for acute Hartmann’s procedure.2,3 

However, randomised trials could not confirm these findings with similar risk of morbidity 
and mortality after resectional and non-resectional treatment.4-6 Hinchey IV and patients 
in poor preoperative (septic complications or comorbidity) condition are usually excluded 
from these studies, resulting in overall better results compared to older studies who did not 
use these exclusion criteria. Vermeulen et al. already showed that postoperative mortality 
was associated with age, America society of Anaesthesiologist (ASA) classification, Hinchey 
classification, surgical procedure and surgeon’s experience.7 In a multivariate analysis, only 
age, ASA score and Hinchey classification remained significant predictors for mortality. 
However surgeon’s experience did influence the rate of postoperative reinterventions. 
 This study aims to determine predictive factors for postoperative morbidity and mortality 
in purulent perforated diverticulitis. The investigated factors include age, ASA, APACHE-II 
score, surgical procedure, treatment by specialised surgeons and treatment within or 
outside the randomised trial.
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METHODS

Patients
This observational cohort consist of consecutive patients with perforated diverticulitis that 
were eligible but not included in the Ladies Trial between July 2010 and July 2014 in 28 
Dutch teaching hospitals, in addition to those who were randomised within the LOLA-arm 
of the Ladies trial.6 They were retrospectively identified using the hospital administration 
code for diverticulitis or acute abdomen combined with any surgical intervention code, to 
determine the inclusion rate of the Ladies trial. The hospital charts of all identified patients 
were screened for study eligibility, and only those patients with perforated diverticulitis of 
the left colon or sigmoid, with purulent or faecal peritonitis, and requiring acute surgery 
were included in this cohort. Patients with right sided disease, Hinchey I or II disease or 
coincidence of fistula were excluded from analysis. To allow for a clear comparison, the same 
exclusion criteria as in the Ladies trial were used. Therefore, age > 85 years, > 20mg steroids 
daily, hemodynamic instability, previous sigmoid surgery or pelvic irradiation, and those 
with Hinchey I-II or IV disease were excluded from analysis. For those patients randomised 
within the LOLA-arm of the Ladies trial, ethical approval was obtained. For those patients 
outside this randomised trial, only anonymous patient data was collected and no ethical 
approval was required under Dutch law.  

Outcomes
Data has been collected regarding age, gender, body mass index (BMI), ASA, history of 
diverticulitis, previous laparotomy, CT diagnosis, preoperative white blood cell (WBC) level, 
APACHE-II score8 and P-POSSUM score9 to allow for correction of selection bias. Perioperative 
data has been collected on the Mannheim Peritonitis index (MPI),10 Hinchey classification, 
surgical technique (laparoscopy or open, lavage or resection, anastomosis or colostomy), 
duration of surgery and the presence of a gastrointestinal surgeon. A gastrointestinal surgeon 
was defined as any certified consultant level surgeon that performed gastrointestinal 
surgery on a weekly basis, mostly colorectal surgeons but in some tertiary and academic 
hospitals including upper gastrointestinal and hepato-pancreato-biliary (HPB) surgeons. 
Postoperative outcomes were in-hospital severe morbidity, scored as Clavien-Dindo ≥IIIB, in-
hospital mortality and length of hospital stay. Patients were excluded when insufficient data 
regarding the indication, surgical procedure or postoperative mortality could be obtained. 
Patients with other missing variables were included in the analyses.

Statistical analysis
Both the prospectively randomised patients and the retrospectively included patients outside 
the trial were analysed according to the per-protocol principle. Continuous variables were 
presented as mean with standard deviation (SD) or median with interquartile range when 
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appropriate. Discrete variables were presented as numbers of events with percentages. 
Depending on normal distribution, univariate testing was performed using T-test or the 
Mann–Whitney U test. Multi-group comparisons of normal distributions were calculated 
using ANOVA. Pearson’s chi-squared or Fisher’s exact test was used for categorical and 
dichotomous data. Multivariable regression models were conducted for postoperative 
morbidity and mortality, applying those variables from the univariate analysis with P > 0.1 
and those with special clinical interest such as surgical procedure. For the scoring variables 
such as P-POSSUM, APACHE-II and MPI only the most appropriate one was included to 
avoid repeated correction on the same physiological or surgical parameters. Outcomes 
of the model were reported as odds ratio (OR) and 95% confidence interval (CI). A two-
sided P-value of less than 0.05 was considered statistically significant for all tests. Analyses 
were performed using IBM SPSS version 22.0 software.
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RESULTS

A total of 583 patients treated for perforated diverticulitis could be identified from 28 Dutch 
hospitals between July 2010 and July 2014 (figure 1). Of these, data was available from 
370 patients with purulent peritonitis, and 317 of these patients were eligible for inclusion 
according to the in- and exclusion criteria of the Ladies trial.6 Of these patients, 88 were 
randomised in the LOLA-arm of the Ladies trial up to March 2013. In only 7 of the remaining 
229 patients, refusal to participate in the Ladies trial was documented. The reason for not 
being randomised in the other 222 patients was unknown. 

Baseline characteristics of the complete cohort
Baseline characteristics of the patients in the complete cohort (n = 317) of purulent perforated 
diverticulitis are shown in table 1, data was incomplete for BMI (n = 193), ASA (n = 215) 
and preoperative WBC count (n = 217). Randomised patients with purulent peritonitis were 
assigned 2:1:1 to laparoscopic lavage, Hartmann’s procedure or primary anastomosis. While 
in the complete cohort half of these patients had Hartmann’s procedure, 29% laparoscopic 
lavage and 20% primary anastomosis. Ratios of these procedures for the randomised and 
non-randomised patients are shown in figure 1. Surgery was performed by a gastrointestinal 
surgeon in 76% of the patients. The predicted mortality by P-POSSUM was overestimated 
with 13% compared to 5% observed mortality.

A comparison of baseline characteristics between the randomised (n=88) and non-
randomised (n=229) patient cohorts included in this study did not show significant 
differences with regard to age, gender, ASA classification and APACHE-II score. Randomised 
patients were more frequently operated on by a gastrointestinal surgeon (84% vs 73%;  
P = 0.039) and had slightly higher MPI and POSSUM scores (data not shown). 

In-hospital morbidity and mortality in the complete cohort
In-hospital mortality was 5% in the complete cohort and the in-hospital severe morbidity 
rate (Clavien-Dindo ≥3B) was 27%. In univariate analysis, higher age, ASA III-IV, high  
APACHE-II, MPI and P-POSSUM scores and surgery by a non-gastrointestinal surgeon were 
associated with an increased in-hospital morbidity rate. Also, increased age, high APACHE, 
MPI and P-POSSUM scores were associated with increased in-hospital mortality (table 1). 
All these variables and those with P < 0.1 were included in the multivariable regression 
analyses for in-hospital severe morbidity and mortality (table 2). As MPI includes age and 
P-POSSUM is calculated on largely the same variables as APACHE-II score, only one of these 
variables was included in the regression analysis. Surgical procedure was not associated with 
morbidity or mortality in univariate analysis but was added to the regression models based 
on clinical relevance. Adding the surgical procedure did not change the overall outcomes of 
the regression model. APACHE-II score is a strong predictor for postoperative morbidity and 
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Figure 1. Patient selection flow chart

mortality and non-gastrointestinal surgeons increase the risk of mortality with an odds ratio 
of 16.3 (95%CI 2.1-126.4; P = 0.008). 
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Table 1. Univariate analysis on morbidity and mortality

Complete cohort In-hospital 
severe morbidity

In-hospital 
mortality

n P-value P-value

Age, years 317 60.8 (13.6) < 0.001 0.002

Gender, male 317 183 (57.7) 0.902 0.997

BMI, kg/m2 193 27.4 (5.4) 0.661 0.956

ASA I-II
ASA III-IV 215 154 (71.6)

61 (28.4) 0.003 0.141

History of diverticulitis 303 63 (20.8) 0.623 0.552

Previous laparotomy 313 16 (5.1) 0.138 0.904

CT diagnosis 310 267 (86.1) 0.951 0.777

APACHE II 317 7.6 (4.8) <0.001 <0.001

P-POSSUM predicted mortality 317 9.9 (13.4) 0.002 <0.001

MPI 317 19.1 (4.4) 0.004 0.001

Preoperative WBC 217 18.0 (57.0) 0.788 0.638

Laparoscopic lavage
Open Lavage
Hartmann’s procedure
Primary anastomosis

317

91 (28.7)
9 (2.8)

153 (48.3)
64 (20.2)

0.106 0.308

Gastrointestinal surgeon 311 236 (75.9) <0.001 0.083

Randomised patients
Non-randomised patients 317 88 (27.8)

229 (72.2) 0.409 0.230

Data are mean (SD) or number (%). BMI = Body-mass index. ASA = American Society of Anesthesiologists 
classification. APACHE II = Acute Physiology and Chronic Health Evaluation II. P-POSSUM = Portsmouth Physiology 
and Operative Severity Score for the enumeration of Mortality and Morbidity. MPI = Mannheim Peritonitis Index. 

Treatment outside the randomised trial
To identify factors used for selection of patients for the various treatment options, 
characteristics of patients in the non-randomised cohort (n = 229) were compared among 
treatment groups (table 3). The 9 patients selected for open lavage had the worst prognosis 
with regard to APACHE, POSSUM and MPI scores. In the other three larger treatment groups, 
younger patients were selected for primary anastomosis and those with higher ASA grades 
more frequently for Hartmann’s procedure. A similar distribution was found for APACHE, 
POSSUM and MPI scores, with the lowest scores in the primary anastomosis group, and 
higher scores in the lavage and Hartmann’s groups, respectively. Despite these differences, 
mortality and severe morbidity did not differ among the three main treatment groups as 
shown in table 4. Postoperative hospital stay was shortest in the lavage group, followed by 
primary anastomosis and the Hartmann’s group (P  < 0.001). 
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APACHE-II score and postoperative morbidity and mortality
The APACHE-II score could be used to predict mortality in the complete cohort (n = 317), 
using the preoperative physiological parameters regardless of an ICU admission. Those 
patients with APACHE-II score < 10 had a mortality rate of 1.3% (3/229), in those with scores 
10 to 15 mortality increased to 11.9% (8/67) and up to 23.8% (5/21) in those patients with 
APACHE-II scores of 16 and above. The same categories could be used to predict severe 
morbidity with a rate of 20% (44/229) when APACHE-II < 10, 40% (27/67) in the 10-15 points 
group, and increasing to 52% (11/21) with APACHE-II of 16 or higher.

Gastrointestinal surgeons
Within the randomised group, 1% (1/73) mortality occurred in those patients treated by a 
gastrointestinal surgeon compared to 14% (2/14 patients) mortality in patients operated on 
by other surgeons (P = 0.015). A similar ratio was found in the patients treated outside the 
randomised trial (GI surgeon 3% [5/163], other 13% [8/61]; P = 0.004). This difference was 
similar and remained statistically significant in both the laparoscopic lavage and Hartmann’s 
procedure subgroup in the total cohort. 

Table 2. Multivariable analysis on in-hospital severe morbidity and mortality

In-hospital mortality In-hospital severe morbidity

Odds ratio 95% CI P-value Odds ratio 95% CI P-value

Age, years 1.1 0.96-1.17 0.286 1.0 0.98-1.03 0.883

ASA I-II
ASA III-IV

1.0
2.5 0.3-20.1 0.377

1.0
1.1 0.5-2.4 0.826

APACHE II 1.3 1.1-1.6 0.009 1.1 1.0-1.2 0.008

Hartmann procedure
Laparoscopic lavage
Primary anastomosis

1.0
3.1

14.5
0.3-30.5

0.8-258.0

0.189
0.342
0.068

1.0
1.6
1.0

0.8-3.3
0.4-2.5

0.403
0.222
0.936

Gastrointestinal surgeon
Other surgeon

1.0
16.3 2.1-126.4 0.008

1.0
1.6 0.7-3.3 0.262

Regression analyses excluded open lavage patients (n = 9) and incomplete cases. The majority of incomplete 
cases were due to missing ASA scores. When ASA score was excluded from the regression analysis, 303 cases 
were included for mortality and 296 for severe morbidity. Results were similar, only age became an additional 
statistically significant predictor for mortality.
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Table 4. Outcome group differences within the non-randomised cohort

Laparoscopic 
lavage

(n = 45)

Primary 
anastomosis

(n = 44)

Hartmann
(n = 131)

Open lavage
(n = 9) P-value

Length of hospital stay 7 ( 5 – 13 ) 9 ( 6.5 – 13 ) 13 ( 9 – 23 ) 16 (7 – 19) <0.001

In-hospital mortality 2 (4.4) 1 (2.3) 8 (6.1) 2 (22.2) 0.126

Severe morbidity 13 (28.9) 11 (26.8) 36 (28.3) 4 (50.0) 0.540

Data are median (IQR) or number (%). Severe morbidity defined as in hospital morbidity scored Clavien-Dindo ≥ 3B

Table 3. Baseline group differences within the non-randomised cohort

Laparoscopic 
lavage

(n = 45)

Primary 
anastomosis

(n = 44)

Hartmann
(n = 131)

Open lavage
(n = 9) P-value

Age, years 59.6 (13.8) 51.6 (12.2) 62.3 (13.7) 66.8 (11.3) <0.001

Gender, male 28 (62.2) 30 (68.2) 69 (52.7) 5 (55.6) 0.420

BMI, kg/m2 28.0 (5.0) 27.9 (6.0) 27.2 (5.5) 22.2 (5.7) 0.449

ASA I-II
ASA III-IV

27 (84.4)
5 (15.6)

21 (87.5)
3 (12.5)

52 (66.7)
26 (33.3)

2 (40.0)
3 (60.0) 0.028

History of diverticulitis 5 (11.1) 6 (13.6) 29 (22.5) 1 (11.1) 0.447

Previous laparotomy 2 (4.4) 0 7 (5.4) 0 (0.0) 0.414

CT diagnosis 33 (75.0) 37 (90.2) 106 (81.5) 7 (100.0) 0.157

APACHE II 6.9 (5.1) 4.6 (2.9) 8.3 (4.8) 9.7 (8.2) <0.001

P-POSSUM predicted 
mortality 5.6 (7.0) 6.1 (10.4) 11.1 (13.6) 13.7 (21.5) 0.015

MPI 18.3 (4.2) 16.5 (3.8) 19.5 (4.4) 20.2 (5.0) 0.001

WBC 14.7 (7.5) 14.3 (5.3) 14.7 (7.7) 16.7 (5.0) 0.851

Gastrointestinal surgeon 30 (68.2) 35 (81.4) 94 (72.9) 4 (50.0) 0.271
Data are mean (SD) or number (%). BMI = Body-mass index. ASA = American Society of Anesthesiologists 
classification. APACHE II = Acute Physiology and Chronic Health Evaluation II. P-POSSUM = Portsmouth Physiology 
and Operative Severity Score for the enumeration of Mortality and Morbidity. MPI = Mannheim Peritonitis Index
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DISCUSSION

This cohort of patients with purulent perforated diverticulitis shows that postoperative 
severe in-hospital morbidity and mortality are influenced by APACHE-II score and surgeon’s 
specialisation in a multivariable regression model corrected for age, ASA and surgical 
procedure. 
 Recently the first results of three randomised trials on laparoscopic lavage for purulent 
perforated diverticulitis have been published.4-6 None of these trials could show a 
reduction of postoperative morbidity and mortality, as was expected based on previous 
case series.2,11 These studies did include similar patient populations when looking at their 
baseline characteristics. Although morbidity and reintervention rates were much worse 
than reported in the previous case series, the postoperative mortality was equally low in all 
trials regardless of treatment (0-7%). 
 Specialisation of the most qualified surgeon of the team was reported in the Ladies and 
SCANDIV trials. Both trials showed that laparoscopic lavage was less frequently performed 
by a gastrointestinal or colorectal surgeon compared to sigmoidectomy: 80% vs. 86% in the 
LOLA-arm of the Ladies trial, and 46% vs. 77% in the SCANDIV trial, respectively. In less than 
1%  of the present cohort, surgery was performed by an unsupervised registrar,  while this 
percentage was 22% in the SCANDIV trial. As this study shows a significant influence of the 
surgeons specialisation on the postoperative mortality rate, it is a source of bias in these 
trials. In 2010 the influence of the surgeon’s specialisation was already shown in perforated 
diverticulitis by Vermeulen et al.7 The increasing awareness of the relation between 
experience, volume and outcomes has already led to differentiated on-call shifts for surgeons 
in most hospitals in the Netherlands. Before this change, only one “general” surgeon would 
be on call. As a consequence, the Hartmann’s procedure was performed by any vascular, 
trauma, breast, or gastrointestinal surgeon depending on the rotation schedule. The results 
of this study support the differentiation of surgeons in on call schedules and must stimulate 
the remaining hospitals to do the same. 
 All used disease severity scores (APACHE-II, P-POSSUM, MPI) could predict postoperative 
morbidity and mortality in this study. Hinchey was not used as the included patients were 
all selected as Hinchey III. APACHE-II was selected for the present regression analysis, but 
the others showed similar results and all overestimated mortality rates. Those patients 
with the highest scores were more likely to undergo Hartmann’s procedure. Our results do 
not provide an answer whether or not these patients can safely undergo lavage or primary 
anastomosis with similar outcomes as numbers were limited.  
 The low mortality of this cohort compared to the literature can be partially explained 
by the selection criteria used excluding Hinchey IV perforated diverticulitis, and 
eliminating the high risk patients with high age (>85), hemodynamic instability and use of 
immunosuppressant medication. When comparing the results of the laparoscopic lavage 
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subgroup to previous literature, the mortality rate was equally low but major morbidity 
rates were high. The reported morbidity rates in the early case series were lower compared 
to those reported in six later case-series (29%), which were similar to this study and the 
reported RCTs.4-6,12-17

The 57% of patients with Hartmann’s procedure in the non-randomised group is lower 
than the rates expressed in earlier studies (70-85%).7,18 However in those studies, primary 
anastomosis was the only alternative and the option of lavage might has reduced the overall 
percentage of Hartmann’s procedures. A population analysis from Ireland showed a 43.5% 
rate of Hartmann’s procedure and 17.4% laparoscopic lavage. However, this database 
included all surgeries following an emergency admission for diverticulitis, regardless of 
Hinchey classification.19

 An important limitation in this study and the Ladies trial is the large proportion of non-
randomised but eligible patients and the lack of information on the reason for not including 
these patients in the trial. Although detailed registration is missing, we knew that not 
all surgeons agreed to participate in some hospitals, especially the non-gastrointestinal 
surgeons on call. This is supported by the higher number of procedures performed by 
non-gastrointestinal surgeons in the non-randomised group and subsequent higher rate 
of Hartmann’s procedures. In only 7 out of 229 patients a refusal of informed consent 
was documented. After experiencing negative results, some surgeons stopped including 
patients, while others did not always take the time to inform the patient about the trial or 
plainly forgot to think about the trial. These explanations are based on assumptions and 
comments expressed during local investigator meetings of the trial. With 88 randomised 
and 229 non-randomised patients in 28 hospitals,  a mean of 3.6 patients per hospital were 
treated with lavage over a 4 year period. This low volume of cases of perforated diverticulitis 
per hospital further supports surgery by specialised surgeons only. Another disadvantage of 
this study is the relatively small numbers of events in this series resulting in large confidence 
intervals.

To our knowledge, this is by far the largest consecutive series of patients with purulent 
perforated diverticulitis, which underlines the importance of the present findings. Other 
large series are derived from less accurate national registries, which lack registration of 
Hinchey classification and other important prognostic and outcome factors.18,20,21 The size 
of this cohort allows for reliable regression analysis with the important variables from the 
univariate analysis. 



 SPECIALISED SURGEONS REDUCE MORTALITY IN PERFORATED DIVERTICULITIS | 73 

Treatment within or outside a randomised trial as well as the type of surgical procedure 
(Hartmann, primary anastomosis or lavage) did not influence postoperative morbidity and 
mortality following purulent perforated diverticulitis. Gastrointestinal surgeons achieved 
significantly lower mortality rates compared to other surgeons and only APACHE-II scores 
could predict postoperative morbidity and mortality in a multivariable model. Therefore, 
purulent perforated diverticulitis should be treated by a specialised gastrointestinal surgeon 
regardless of the type of surgical approach. 
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ABSTRACT

Background 
Laparoscopic sigmoidectomy for diverticulitis has initially been confined to the elective 
setting. However open acute sigmoidectomy for perforated diverticulitis is associated with 
high morbidity rates that might be reduced after laparoscopic surgery. The aim of this 
systematic review was to assess the feasibility of emergency laparoscopic sigmoidectomy 
for perforated diverticulitis.

Methods 
We performed a systematic search of PubMed, EMBASE and CENTRAL. All studies 
reporting on patients with perforated diverticulitis (Hinchey III-IV) treated by laparoscopic 
sigmoidectomy in the acute phase were included, regardless of design. 

Results 
We included four case series and one cohort study (total of 104 patients) out of 1706 
references. Hartmann’s procedure was performed in 84 patients, primary anastomosis in 
20. Mean operating time varied between 115 and 200 minutes. Conversion rate varied 
from zero up to 19%. The mean length of hospital stay ranged between 6-16 days. Surgical 
reintervention was necessary in two patients. In 20 patients operated upon without 
defunctioning ileostomy, no anastomotic leakage was reported. Three patients died 
postoperatively. Stoma reversal after Hartmann’s procedure was performed in 60 out of 79 
evaluable patients (76%). 

Conclusion
Acute laparoscopic sigmoidectomy for the treatment of perforated diverticulitis is feasible 
in selected patients and experienced hands. 
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INTRODUCTION

Perforated diverticulitis of the sigmoid colon with generalised peritonitis usually requires 
acute sigmoidectomy. This procedure is characterised by high morbidity (up to 80%) and 
mortality rates (15-35%).1-5 Currently, the preferred treatment modality for perforated 
diverticulitis is under debate. The most commonly used procedure for these patients 
presenting with generalised peritonitis is laparotomy and Hartmann’s procedure. However, 
increasing numbers of patients are treated with sigmoidectomy and primary anastomosis 
or with laparoscopic peritoneal lavage alone.6,7 As laparoscopic lavage was not superior to 
sigmoidectomy with regard to long term major morbidity and mortality, other strategies 
such as laparoscopic sigmoidectomy need to be investigated.8 As elective laparoscopic 
sigmoidectomy has several benefits compared to open surgery (e.g. less intra operative 
blood loss, faster recovery, shorter hospital stay and less abdominal wall complications), 
acute laparoscopic resection for perforated diverticulitis might have similar benefits.9,10 In 
the meantime, the laparoscopic approach for generalised peritonitis is gaining acceptance 
for an increasing number of indications including appendicitis, cholecystitis, small bowel 
obstruction and perforated peptic ulcer.11 

 In this systematic review of the literature, we aim to assess the feasibility of emergency 
laparoscopic sigmoidectomy for perforated diverticulitis with generalised peritonitis.
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METHODS 

This systematic review was conducted in accordance to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) statement.12 

Eligibility criteria
We included all studies reporting on patients with acute perforated diverticulitis and purulent 
or faecal peritonitis (Hinchey III-IV), treated by laparoscopic sigmoidectomy with or without 
primary anastomosis. Studies reporting on patients with acute surgery for Hinchey I-II 
diverticulitis were not included, as acute surgery in these patients is not routinely indicated. 
Studies including various indications or surgical procedures were only considered eligible if 
separate outcomes for acute laparoscopic sigmoidectomy for diverticulitis were provided. 
If the patient population did not fully meet our criteria, a study was still considered for 
inclusion with a maximum of 10% non-adherence to the inclusion criteria. The minimum 
required reported outcomes were conversion rate, mortality and length of hospital stay. 

Search strategy and study selection
A systematic search was performed using PubMed, EMBASE (Ovid) and Cochrane Central 
Register of Controlled Trials (CENTRAL) on 29 November 2014 (supplement). The reference 
list of all included studies was hand searched for other relevant references. Two authors (SV 
and GSB) independently screened all titles and abstracts for their relevance. From all studies 
that possibly met the inclusion criteria, the full-text version was retrieved and assessed. No 
language restriction was applied. Disagreement was resolved by discussion or requesting 
advice from a third author.

Data extraction and analysis
Data extraction and assessment was independently conducted by two authors (SV and 
GSB). Disagreement was resolved by discussion or requesting advice from a third author. 
The extracted data were presented in separate tables for study characteristics, patient 
demographics and outcomes. The following information was retrieved from each study: 
first author, year of publication, study design, number of participants, gender, age, 
American Society of Anaesthesiologists (ASA) classification, surgical procedure (Hartmann’s 
procedure or primary anastomosis with or without ileostomy), and Hinchey classification.13 
The retrieved outcomes were: duration of surgery, conversion rate, length of hospital stay, 
morbidity, mortality and stoma reversal rate. 
 The quality of included studies was assessed using a modified version of the Downs 
and Black checklist.14 This checklist can be used for both randomised and non-randomised 
studies and studies are scored for reporting, external validity, internal validity bias, internal 
validity confounding and power on a total of 27 items. We adjusted this checklist as only non-
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comparative studies were included in this review what makes multiple items not relevant. 

Table 1. Included studies and study design

Author Country Total number 
of patients (n)

Hinchey III-IV and acute 
sigmoidectomy (n) Study design

Agaba USA 7 7 Case series

Böttger Germany 166 13 Prospective case series

Chouillard France 31 31 Prospective case series

Liang USA 41 41 Retrospective case series

Pugliese Italy 12 12 Retrospective case series

Figure 1. Study inclusion flow chart
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RESULTS

Search
The search identified a total of 1706 references after exclusion of 802 duplicates. After 
searching titles and abstracts, 28 were regarded relevant and evaluated as full text. After 
careful review of the full text, another 23 were excluded resulting in five included studies 
in this review (figure 1). Five studies were excluded because they presented results of a 
combined group with acute diverticulitis and other indications without separate data.15-19 
Two studies reported the results of resection for right sided diverticulitis,20,21 three reported 
results mixed with acute open sigmoidectomy,22-24 two mixed with laparoscopic lavage25,26 

and four presented data mixed with delayed or elective sigmoidectomies.27-30 Seven studies 
only included patients with Hinchey I-II peritonitis or presented mixed group of patients.31-37

Quality assessment
Details of the five included studies are presented in table 1.38-42 These studies comprised 
one comparative cohort study and four case series. The comparative cohort study compared 
laparoscopic Hartmann’s procedure with laparoscopic lavage, of which only the resection 
group was included in the present review.41 No randomised clinical trials or other study 
designs comparing acute open with acute laparoscopic sigmoidectomy could be identified. 
 The quality of the included studies was assessed using our adjusted version of the Downs 
and Black checklist.14 The used items are listed and scored in table S1 with 9 items on 
reporting, 4 items external validity and 6 items internal validity, resulting in a maximum 
score of 19. All included studies scored between 9 and 14 points, and the different items are 
summarised in figure S1. 
 The studies by Chouillard et al. and Liang et al.40,41 scored best with 14 and 13 points 
respectively, especially on reporting and internal validity. None of the studies had an open 

Table 2. Patient demographics

Author Patients 
(n)

Gender 
(male/
female)

Age
ASA 
(n)

Procedure 
(n)

HInchey 
(n)

I II III IV HP PA II III IV

Agaba 7 5/2 49.6 (42-57) 0 1 6 0 7 0 0 7

Böttger 13 7/6 60 (43-83) 2 5 5 1 5 8 0 13

Chouillard 31 14/17 62 (24-91)a 12 8 6 5 31 0 0 22 9

Liang 41 23/18 63.4 (15.2)b 3 23 9 6 41 0 3 31 7

Pugliese 12 6/6 59 (35-71)a 12 0 0 0 12 0 12 0

Total 104 55/49 66 26 12 84 20 3 101
Data in median (range), unless stated otherwise. amean (range) bmean (SD) ASA: American Society of 
Anaesthesiologist classification, HP: Hartmann’s Procedure, PA: Primary Anastomosis without ileostomy
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sigmoidectomy control group, two did not report any follow-up, the other three only the 
stoma reversal rate with an unknown length of follow-up and unclear or none description of 
the loss to follow-up.

Patient demographics
We included a total of 104 patients (range 7-41) who underwent acute laparoscopic 
sigmoidectomy for diverticulitis from five different studies as shown in table 2. Mean age 
varied from 49-69 years in the included studies (range 23-95). Most patients were categorised 
as ASA classification II or III. Liang et al. included 3 patients with Hinchey II peritonitis in 
their analysis mixed with 38 Hinchey III-IV patients.41 Böttger et al. and Pugliese et al. both 
included patients with Hinchey I-II peritonitis as well, but reported separate data for the 
Hinchey III-IV subgroup that could be included in this review.39,42 The type of resection 
varied between studies with a majority of Hartmann’s procedures (84) over sigmoidectomy 
with primary anastomosis without ileostomy (20). In three studies, all patients underwent 
Hartmann’s procedure38,40,41 and in one study both Hartmann’s and primary anastomosis 
were performed.39 In the remaining study, all patients had a primary anastomosis, but 
patients with faecal peritonitis were not considered eligible for this approach and therefore 
excluded.42 

Postoperative outcomes
The postoperative outcomes are summarised in table 3. The mean operating time varied 
between 115 and 200 minutes with ranges between 55 and 250 minutes. Conversion rate 
varied from zero percent up to 19%. Intraoperative complications were reported in five 
patients (5%) as shown in table 4. Other frequent reasons for conversion were difficult 
exposure in five, synchronous cancer in two, and anastomotic difficulty in two. 
 Postoperative complications were reported in 22 (21%) patients. Three patients died 
postoperatively (mortality rate 2.9%) one due to postoperative myocardial infarction, one 

Table 3. Clinical outcomes

Author Patients 
(n)

Duration of 
surgery (minutes)

Conversion 
rate n (%)

Length of stay 
(days, range)

Stoma reversal 
rate n/N (%)

Agaba 7 154 (136-193) 0 6 (5-10) 7/7 (100)

Böttger 13 115 (80-175) a 0 9 (5-28) Unknown

Chouillard 31 125 (55-250) 6 (19.4) 12 (5-25) a 27/31 (87)

Liang 41 182.9 (54.7) b 6 (14.6) 16.3 (10.1)b 26/41 (72)

Pugliese 12 200 (175-210) 2 (16.7) 10 (7-14)a NA

Total 104 14 (13.5) 60/79 (75.6)
Data in mean (range), unless stated otherwise. a median (range) b mean (SD)
NA: not applicable
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uncontrolled sepsis and one from cerebral oedema from metastasised lung carcinoma 
after recovering from the sepsis. Two (2%) patients required surgical reintervention for 
stoma revision and a surgical abscess drainage. In all 20 patients with primary anastomosis 
without ileostomy, no anastomotic leakage occurred. The mean length of hospital stay was 
in between 6 and 16 days with a range of 5-28 days.
 Data on stoma reversal was reported in 79 of 84 patients who underwent a Hartmann’s 
procedure;  continuity was restored in 60 out of these 79 evaluable patients (75.9%). The 
available data did not allow for a meaningful comparison between primary anastomosis and 
Hartmann’s procedure with regard to postoperative outcomes. 

Table 4. Postoperative complication rate

All
n = 104

Agaba
n = 7

Böttger
n = 13

Chouillard
n = 31

Liang
n = 41

Pugliese
n = 12

Intraoperative morbidity

  Uretheric injury 2 - - 1 - 1

  Bowel injury 2 - - - 2 -

  Bleeding  1 - - 1 - -

Total 5 (4.8) 0 0 2 (6.5) 2 (4.9) 1 (8.3)

Postoperative morbidity

 Wound infection 7 - - 3 3 1

 Pneumonia 6 - 1 1 2 2

 Abscess 3 - - 3 - -

 Sepsis with organ failure 3 - 1 - 2 -

 Mycoardial infarction 2 1 - 1 - -

 Prolonged ileus 1 1 - - - -

 Fascial dehiscence 1 - - - 1 -

 Cerebral metastases 1 - 1 - - -

 Stoma retraction 1 - - 1 - -

 Anastomotic leakage 0 NA - NA NA -

Total 22 (21.2) 2 (28.6) 2 (15.4) 7 (22.6) 8 (19.5) 3 (25.0)

Surgical reinterventions 2 (1.9) - - 2 (6.5) - -

Mortality 3 (2.9) 0 1 (7.7) 1 (3.2) 1 (2.4) 0

Data in n (%) NA: not applicable
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DISCUSSION

This systematic review indicates that in selected patients, laparoscopic sigmoidectomy is 
feasible in Hinchey III and IV diverticulitis. This is reflected by an acceptable conversion rate, 
a low reintervention rate, a low morbidity rate, and a low mortality rate. 
 The uptake of emergency laparoscopic surgery for acute diverticulitis has been slow. In 
the American ACS-NSQIP database between 2005 and 2009, only 7.6% of 1946 emergency 
sigmoid resections for diverticulitis have been performed by laparoscopy.27 Despite the limited 
evidence and practise, the guideline of the European Association of Endoscopic Surgeons 
(EAES) states “In Hinchey stage IV, colonic resection can be performed laparoscopically or 
by open surgery, depending on the clinical stability of the patient, even if the evidence is 
still too weak for a specific recommendation”.43 This statement was supported in the Dutch 
national guidelines, but no statement was made in any other international guideline on 
diverticulitis.44 
 One of the main concerns for the application of laparoscopic surgery in generalised 
peritonitis is the risk of damage to the distended and vulnerable small bowel. A recent 
systematic review reported a 64% success rate of laparoscopic treatment in 2005 patients 
with small bowel obstruction. About 10% of the conversions were due to iatrogenic injury 
and 7.6% due to inadequate exposure.45 Even a small bowel diameter greater than four 
centimetres was not considered to be an absolute contraindication for laparoscopy.46

 Many surgeons still regard general peritonitis and especially faecal peritonitis as 
a contraindication for a laparoscopic approach. One of the reasons is related to a 
hypothetical risk of increased bacteraemia and hypercapnia due to the pressure of the 
pneumoperitoneum.47,48 This theory has never been proven nor disproven, but the gained 
experience with laparoscopic treatment in abdominal sepsis of various causes does not 
support this hypothesis.11

 Laparoscopic lavage as a minimally invasive approach to perforated diverticulitis 
has been discussed extensively, in contrast to the option of laparoscopic Hartmann’s or 
laparoscopic sigmoidectomy with primary anastomosis.43 Laparoscopic sigmoidectomy can 
be an alternative in those patients not eligible for laparoscopic lavage, such as those with 
faecal peritonitis or an immune deficiency, or when initial lavage has failed.
 The available evidence for emergency laparoscopic sigmoidectomy for the treatment of 
perforated diverticulitis is limited, as shown by this systematic review. The available evidence 
is of low quality as it is based on small non-randomised case series without open control 
group. The baseline characteristics of the participants in these studies are heterogeneous 
and there is a large variety in reported outcome variables. All studies included consecutive 
patients during a set period of time in a single hospital. The proportion of patients treated 
open and laparoscopic during this period is unknown and therefore no insight in patient 
selection is provided. It seems likely that these laparoscopic procedures were performed 
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on a selected group of patients and by a dedicated laparoscopic team.  Therefore these 
results cannot be extrapolated unconditionally to the general population in less dedicated 
hospitals.  
 The overall morbidity rate of 21% and mortality rate of 3% is low compared to the 
reported morbidity rates of 40-80% and mortality rates of 15-35% in high quality studies 
on open surgery.2-5 These low rates may be the result of laparoscopic surgery, but is likely 
to be influenced by a publication and selection bias. Potential parameters of selection bias 
are age, Hinchey grade and ASA grade. This is reflected by a lower mean age in the included 
studies (50 - 63 years) compared to 65 - 73 years in randomised studies on open surgery for 
perforated diverticulitis.2,22 Less clear differences are found for Hinchey and ASA grade, with 
80% Hinchey III and 88% ASA I-III in this review compared to 76-83% Hinchey III and 74% 
ASA I-III patients in previous randomised trials.2,22

 The majority of patients in this review had laparoscopic Hartmann’s procedure while 20% 
had primary anastomosis without ileostomy. The reported stoma reversal rate following 
Hartmann’s procedure is high (80%), compared to 45% in a systematic review of case 
series.49 The initial laparoscopic approach is likely to facilitate stoma reversal, because of 
less adhesion formation. In addition, all reversals were performed laparoscopically. The 
reversal rate in the present review is comparable to a reported 82% for laparoscopic reversal 
in a study by Carus et al.50 Because laparoscopic reversal is less invasive and associated with 
lower morbidity, it is likely that more patients will be evaluated as fit for surgery.
 The limited evidence in this review shows that emergency laparoscopic sigmoidectomy 
for the treatment of perforated diverticulitis with generalised peritonitis is feasible in 
selected patients and in experienced hands. High quality prospective studies are needed to 
provide proof of possible benefits of acute laparoscopic sigmoidectomy compared to open 
sigmoidectomy for perforated diverticulitis. 



 SYSTEMATIC REVIEW OF ACUTE LAPAROSCOPIC SIGMOIDECTOMIES | 87 

SUPPLEMENT: SEARCH STRATEGY

PubMed 29.11.2014 – 974 hits
1. "Diverticulum, Colon"[MeSH] OR 
"Diverticulitis, Colonic"[MeSH]
2. Diverticulitis OR “diverticular disease” 
OR diverticul*
3. #1 OR #2
4. "Abdomen, Acute"[MeSH] OR 
"Peritonitis"[MeSH] 
5. Acute OR peritonitis OR perforat* OR 
emergen*
6. #4 OR #5
7. Laparoscopy [MeSH] OR Hand-Assisted 
Laparoscopy [MeSH]
8. Laparoscop* OR “minimally invasive” 
OR laparotomy
9. #7 OR #8
10.#3 AND #6 AND #9 (Limit to 1991)

Ovid EMBASE – 29.11.2014 – 1518 hits
1. exp colon diverticulosis/ or 
diverticulosis/
2. diverticul*.ti,ab.
3. 1 or 2 
4. exp acute abdomen/ or peritonitis/ or 
colon perforation/ or emergency surgery
5. (acute or peritonitis or perforat* or 
emergen*).ti,ab.
6. 4 or 5
7. exp laparoscopy/
8.  (laparoscop* or minimally invasive 
surgery or laparotomy).mp. 
9. 7 or 8
10.3 and 6 and 9 (Limit to 1991)

CENTRAL – 29.11.2014 – 16 hits
1. MeSH descriptor Diverticulum, Colon 
explode all trees
2. MeSH descriptor Diverticulitis explode 
all trees
3. diverticul*
4. 1 or 2 or 3
5. MeSH descriptor Peritonitis explode all 
trees
6. MeSH descriptor Acute abdomen 
explode all trees
7. perforat* or emergen* or acute
8. 5 or 6 or 7
9. MeSH descriptor Laparoscopy explode 
all trees
10.MeSH descriptor Laparoscopy, hand-
assisted explode all trees
11.Laparoscop* OR “minimally invasive” 
OR laparotomy
12.9 or 10 or 11
13.4 and 8 and 12 (Limit: Trials)
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ABSTRACT

Background
Hartmann’s procedure for perforated diverticulitis can be characterised by high morbidity 
and mortality rates. While the scientific community focuses on laparoscopic lavage as an 
alternative for laparotomy, the option of laparoscopic sigmoidectomy seems overlooked. 
We compared morbidity and hospital stay following acute laparoscopic sigmoidectomy (LS) 
and open sigmoidectomy (OS) for perforated diverticulitis.

Methods
This retrospective cohort parallel to the Ladies trial included patients from 28 Dutch 
academic or teaching hospitals between July 2010 and July 2014. Patients with LS were 
matched 1:2 to OS using the propensity score for age, gender, previous laparotomy, CRP 
level, gastrointestinal surgeon and Hinchey classification. 

Results
The propensity matched cohort consisted of 39 patients with LS and 78 patients with OS, 
selected from a sample of 307 consecutive patients with purulent or faecal perforated 
diverticulitis. In both groups, 66% of the patients had Hartmann’s procedure and 34% 
had primary anastomosis. The hospital stay was shorter following LS (LS 7 vs OS 9 days;  
P = 0.016), and the postoperative morbidity rate was lower following LS (LS 44% vs OS 66%; 
P = 0.016). Mortality was low in both groups (LS 3% vs OS 4%; P = 0.685). The stoma reversal 
rate after Hartmann’s procedure was higher following laparoscopy, with a probability of being 
stoma-free at 12 months of 88% and 62% in the laparoscopic and open groups respectively  
(P = 0.019). After primary anastomosis, the probability of reversal was 100% in both groups.

Conclusion
In this propensity score matched cohort, laparoscopic sigmoidectomy is superior to open 
sigmoidectomy for perforated diverticulitis with regard to postoperative morbidity and 
hospital stay. 
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INTRODUCTION

The classic Hartmann’s procedure for perforated diverticulitis can be characterised by high 
morbidity and mortality rates.1,2 Nowadays, the treatment of has shifted towards less 
invasive procedures such as laparoscopic lavage, percutaneous drainage or even conservative 
management for the milder cases with perforated diverticulitis.3-5 As laparoscopic lavage 
has shown to be effective in 75% of the patients with purulent perforated diverticulitis, 
superior to sigmoidectomy (eg. Hartmann’s procedure or with primary anastomosis) with 
regard to morbidity and mortality in a randomised controlled trial, it is important to explore 
other less invasive treatment options besides the classic open Hartmann’s procedure.6

 The proven benefit of the laparoscopic approach in the elective setting might even be 
more pronounced in emergency sigmoidectomy than in the elective setting avoiding in 
particular abdominal wall complications e.g. abdominal wound dehiscence, incisional hernia 
and wound infection.7-9 In a systematic review of 5 studies including 104 patients, acute 
laparoscopic sigmoidectomy for perforated diverticulitis has been shown to be feasible, but 
comparative studies are lacking.10  Previously, laparoscopic surgery for acute peritonitis has 
been under debate due to theoretical concerns of increased bacteraemia and hypercapnia 
due to the pneumoperitoneum.11,12 However, more recent studies suggest even a protective 
role of the CO2 pneumoperitoneum with a reduced systemic inflammatory response but 
similar bacterial translocation.13,14 
 In this propensity matched cohort, we aim to show a reduction in morbidity and hospital 
stay following acute laparoscopic sigmoidectomy (LS) compared to open sigmoidectomy 
(OS) for perforated diverticulitis with generalised peritonitis.
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METHODS 

Patients
This retrospective observational cohort consist of consecutive patients with perforated 
diverticulitis that were not included in the randomized Ladies trial in 28 Dutch teaching 
hospitals during a 3-year period.6 Despite the low accrual rate, these patients did not differ 
in baseline from those randomized within the Ladies trial.6 The patients were retrospectively 
identified using the hospital administration code for diverticulitis and acute abdomen, 
combined with a surgical intervention code to determine the inclusion rate of the Ladies trial. 
Only the patients requiring acute sigmoidectomy for perforated diverticulitis with purulent 
or faecal peritonitis have been included. Those with peritoneal lavage or enterostomy 
without resection have been excluded from analysis, as were those with disease located in 
other sections than the left colon or sigmoid, those with Hinchey I-II disease or coincidence 
of fistula. Within the cohort, patients with laparoscopic sigmoidectomy have been identified 
and were matched 1:2 with patients with open sigmoidectomy based on propensity scores. 
The term sigmoidectomy is used for both Hartmann’s procedure and resection with primary 
anastomosis, if only one of these two is addressed the terms Hartmann and primary 
anastomosis are used. As only anonymous patient data was collected, no ethical approval 
was required under Dutch law.  

Outcomes
Data has been collected regarding age, gender, BMI (body-mass index), ASA (American Society 
of Anesthesiologists classification), prescription medication, history of diverticulitis, previous 
laparotomy, CT diagnosis, preoperative C-reactive protein (CRP) and white blood cell (WBC) 
count, acute physiology and chronic health evaluation-II (APACHE-II15)  score, P-POSSUM 
(Portsmouth Physiology and Operative Severity Score for the enumeration of Mortality 
and Morbidity16) score and interval from presentation at the emergency department to 
surgery. Perioperative data has been collected on the Mannheim Peritonitis index (MPI),17 
Hinchey classification,18 diagnostic laparoscopy, conversion, intra-operative complications, 
duration of surgery and the presence of a gastrointestinal surgeon (defined as a consultant 
level surgeon specialised in colorectal or gastrointestinal surgery). Postoperative outcomes 
assessed were morbidity, scored as Clavien-Dindo ≥ I or ≥ IIIB,19 mortality, length of hospital 
stay, ICU admission, and surgical or percutaneous reinterventions. Long-term data was 
collected on last follow-up, mortality, stoma reversal and incisional hernia.

Cost analysis
An economical evaluation was performed to evaluate the costs of laparoscopic versus open 
sigmoidectomy up to 30-days postoperative or until discharge in the matched cohort. Direct 
medical costs were estimated using primary data on resource utilisation and included all 
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surgical procedures, including reinterventions and radiological reinterventions, hospital 
ward stay and ICU stay. Costs per patient were calculated by multiplying volumes of 
resources with unit costs. These costs were determined according to the Dutch guidelines 
of pharmacoeconomic research or based on the tariff of the Academic Medical Center 
Amsterdam. Costs were expressed in Euros and inflated when necessary to 2012.

Statistical analysis
Before matching continuous variables were presented as mean with standard deviation 
(SD) or median with interquartile range (IQR) when appropriate. Discrete variables were 
presented as numbers of events with percentages. Univariate testing was performed using 
a t-test or Mann–Whitney U test when the data were not normally distributed. Pearson’s 
chi-squared or Fisher’s exact test was used for categorical and dichotomous data. 
 To control for potential confounders, a propensity score was generated for each patient 
from a multivariable logistic regression model based on baseline variables as independent 
variables with OS and LS treatment as a binary dependent variable. Those baseline variables 
in the univariate analysis with a P-value <0.1 or otherwise of specific clinical interest were 
added to the model. Sufficient predictive value of the propensity score was defined as an 
area under the curve (AUC) of ≥ 0.7 and a Hosmer and Lemeshow (HL) test of P ≥ 0.05. 
 Each laparoscopic case was matched with replacement to two open cases in a 2:1 ratio, 
with a caliper width of 0.20 standard deviation of the logit of the propensity score using R 
statistical software (version 2.13.1). The quality of the match was assessed by comparing the 
patient characteristics before and after matching as shown in eTable 1 and table 1. 
 Data in the matched dataset were analysed using a generalized random block design 
for continuous variables and conditional logistic regression for categorical variables. A two-
sided P-value of less than 0.05 was considered statistically significant for all tests. Analyses 
were performed using IBM SPSS version 20.0 software and R version 2.13.1.

Statistical power
According to the published literature on elective sigmoidectomy, a 15% reduction of 
postoperative major morbidity (Clavien-Dindo grade IIIB or higher) is expected for 
laparoscopic sigmoidectomy (10%) compared to open sigmoidectomy (25%). A power 
of 0.478 is to be expected, using α = 0.05 and groups of 39 and 78 patients. Double the 
sample size would be required to gain a power (1- β) of 0.8 (78 and 156 patients) with a 15% 
difference. 
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RESULTS

Patient characteristics
A total of 474 patients treated for perforated diverticulitis could be identified between 
July 2010 and July 2014 (figure 1). Of these, data was available from 377 patients with 
purulent or faecal peritonitis. A diagnostic laparoscopy (DLS) was performed in 153 (41%) 
patients, of whom 58 did not undergo resection, 51 were converted to laparotomy and 44 
had laparoscopic sigmoidectomy. From the 224 patients with DL, another 12 were excluded 
because no resection was performed. In two of the 44 (4.5%) patients in the LS group, 
laparoscopic resection was attempted but converted due to adhesions and distended small 
bowel, and therefore insufficient exposure of the sigmoid perforation. Patients with LS were 
identified in 19 out of the 28 hospitals, ranging between 1 to 9 patients each. 
 In univariate analysis (eTable 1), we found both patients’ age and CRP level to be 
predictive for the choice between LS and OS. Patients with faecal peritonitis and with a 
higher MPI score were more likely to undergo OS. Specialised gastrointestinal surgeons 
were more likely to perform LS.
 In multivariate analysis with age, gender, previous laparotomy, preoperative CRP 
level, Gastrointestinal surgeon, MPI and Hinchey classification, only CRP, GI surgeon and 
Hinchey classification were found to be predictors for LS (eTable 2). Using all variables 
from the multivariate analysis, a propensity score for LS or OS was calculated. Only MPI 
was not included in the propensity score as MPI calculation includes both age and Hinchey 
classification. The calculated propensity score had a sufficient predictive value with an area 
under the curve (AUC) of 0.772 (95%CI 0.704-0.841; HL test, P = 0.309). 

Propensity matched cohort
The baseline characteristics of the propensity-matched cohort are shown in table 1. In a 
1:2 matching strategy, 39 patients with laparoscopic sigmoidectomy were matched to 78 
patients with open sigmoidectomy. Due to the replacements during the automatic matching 
process, the control group consisted of 59 unique patients with open sigmoidectomy and 
19 duplicates. Following matching, no differences persisted in any of the matched variables 
as expected. In addition, no differences were found between the groups with regard to all 
other variables such as the ASA classification and preoperative POSSUM and APACHE scores. 
Sigmoidectomy was performed as Hartmann’s procedure in 66% of patients, and primary 
anastomosis in 34%. Of these patients with primary anastomosis, 8/13 had a deviating 
ileostomy in following LS compared to 12/27 in the OS group. The surgical duration for LS 
was longer with 127 minutes compared to 97 minutes for OS (P = 0.003, table 2).
 Intraoperative complications occurred in 1 patients during LS and two patients during 
OS. Two patients had an intraoperative bleeding and in one patient the stapler donuts of 
the attempted primary anastomosis were incomplete and an end colostomy was created 



 ACUTE LAPAROSCOPIC SIGMOIDECTOMY - A PROPENSITY MATCHED COHORT | 99 

Figure 1. Patient flow chart

instead. Intraoperative blood loss was reported as less than 100ml in 14 (74%) patients in 
LS and 15 (42%) in the OS (P = 0.117). Following acute surgery, 11 (37%) LS patients and 28 
(50%) OS patients were admitted to the ICU.

Postoperative outcomes
Laparoscopic sigmoidectomy resulted in a shorter hospital stay compared to OS (7 versus 9 
days, P = 0.016). The in-hospital overall morbidity rate was lower following LS (P = 0.016). 
No significant difference was found with regard to in-hospital mortality and reinterventions 
as shown in table 2. In-hospital mortality was reported in 1 (3%) patient following LS and 3 
following OS (4%). Overall morbidity was lower in the laparoscopic group. No difference was 
seen for surgical reinterventions ( LS 5% vs OS 9%; P = 0.485) or severe morbidity (Clavien-
Dindo ≥ IIIB, LS 13% vs OS 20%; P = 0.253). A significant reduction in wound infections was 
found (LS 3% vs OS 29%; P = 0.009, eTable 3). Anastomotic leakage occurred in one patient 
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following LS and was treated by relaparotomy and loop ileostomy.
 In a subgroup analysis, laparoscopic and open Hartmann’s procedure were compared, 
showing 8% (OS) vs 4% (LS) mortality (P = 0.476) and severe morbidity occurred in 39% 
(OS) vs 15% (LS) (P = 0.037). Postoperative hospital stay was 12 (8-21) days vs 8 (5-15) days 
for open and laparoscopic Hartmann’s respectively (P = 0.006). In the primary anastomosis 
group, the mortality and severe morbidity rate was 0% in both the laparoscopic and open 
group. Postoperative hospital stay was 8 (7-9) days vs 7 (6-10) days for open and laparoscopic 
primary anastomosis respectively (P = 0.391).

Table 1. Patient demographics in the propensity matched cohort

Laparoscopic 
sigmoidectomy

(n = 44)

Open 
sigmoidectomy

(n = 78)
P-value

Age, years 56.2 (14.2) 56.4 (13.3) 0.930

Gender, male 14 (35.9) 24 (30.8) 0.593

BMI, kg/m2 25.3 (3.5) 27.1 (5.8) 0.883

ASA I 7 (22.6) 13 (23.6) 0.441

ASA II 12 (38.7) 29 (52.7)

ASA III 11 (35.5) 11 (20.0)

ASA IV 1 (3.2) 2 (3.6)

Prescription medication 19 (48.7) 32 (43.2) 0.578

History of diverticulitis 7 (17.9) 14 (17.9) 1.000

Previous laparotomy 1 (2.6) 1 (1.3) 1.000

CT diagnosis 35 (89.7) 65 (85.5) 1.000

CRP level 158 (118) 166 (119) 0.450

WBC count 15.4 (8.9) 13.7 (6.2) 0.232

APACHE II score 7.4 (5.0) 6.6 (4.2) 0.163

P-POSSUM predicted mortality (%) 9.3 (11.7) 10.5 (13.4) 0.935

POSSUM predicted morbidity (%) 67.7 (17.1) 67.5 (17.5) 0.575

Interval to surgery, hours 11 (6-48) 11 (6-25) 0.095

Gastrointestinal surgeon present 38 (97.4) 76 (97.4) 1.000

MPI score 19.2 (5.3) 18.3 (4.6) 0.236

Hinchey IV 8 (20.5) 13 (16.7) 0.608

Data are mean (SD), number (%) or median (interquartile range). BMI = body mass index, ASA = American society 
of Anaesthesiologists classification, CT = computed tomography, CRP = C-reactive protein, WBC= White blood 
cell, APACHE-II = Acute Physiology and Chronic Health Evaluation II, POSSUM PS= POSSUM – Physiology Score, 
POSSUM OS= POSSUM Operative Score, MPI = Mannheim peritonitis index.
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Table 2. Surgical and short term postoperative outcomes in the propensity matched cohort

Laparoscopic 
sigmoidectomy

(n = 44)

Open 
sigmoidectomy

(n = 78)
P-value

Duration of surgery, minutes 127 (105-159) 96.5 (87-120) 0.003

Hartmann’s procedure 26 (66.7) 51 (65.4) 0.890

Primary anastomosis 13 (33.3) 27 (34.6)

Ileostomy rate 8/13 (61.5) 12/27 (44.4) 0.597

Postoperative ICU admission 11 (36.7) 28 (50.0) 0.305

In-hospital mortality 1 (2.6) 3 (3.9) 0.685

In-hospital overall morbidity 17 (43.6) 51 (66.2) 0.016

In-hospital severe morbidity (≥ IIIB) 5 (12.8) 15 (19.5) 0.253

Reinterventions 5 (12.8) 15 (19.5) 0.739

			Surgical	reinterventions 2 (5.1) 7 (9.1) 0.485

			Percutaneous	reinterventions 3 (7.7) 10 (13.0) 0.419

Postoperative hospital stay, days 7 (5-13) 9 (7-14) 0.016

Data are mean (SD), number (%) or median (interquartile range). ICU= intensive care unit. Severe morbidity 
defined as Clavien-Dindo ≥ IIIB

Table 3. Costs calculation based on short term data only (Euro)

Laparoscopic 
sigmoidectomy

(n = 39)

Open 
sigmoidectomy

(n = 78)
P-value

Units Total cost Units Total costs

Primary surgery 39 153 426 78 241 878 -

Days at hospital ward 355 172 328 846 410 674 0.108

Days at ICU 38 88 114 350 806 942 0.022

Percutaneous drainage 3 486 10 1 619 0.418

Surgical reintervention 3 9 589 8 25 571 0.698

Total 423	943 1	486	684

TOTAL per patient, Euro 10 870 (4 710 – 17 031) 19 209 (14 850 – 23 563) 0.031

Total per patient as mean (95% confidence interval). Three surgical reinterventions in 2 patients and 8 
reinterventions in 7 patients.  ICU = intensive care unit

 The calculated costs were lower for laparoscopic sigmoidectomy (mean difference  
€ -8 336, 95%CI € -16 113 to € 588; P = 0.031), these costs included only the direct costs for 
the primary hospital admission. For subgroups of costs, particularly the costs for ICU stay 
were five times higher for open sigmoidectomy (P = 0.022, table 3). 
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Long term outcomes
The median length of follow up was shorter in the LS group with 8 (IQR 5-12) months and 
16 (IQR 7-28) months in the OS group respectively (P < 0.001) as more patients had LS later 
in the study period. (eTable 4) Stoma reversal was associated with Hartmann’s procedure or 
primary anastomosis and not with laparoscopic or open surgery in multivariable regression 
analysis (data not shown). Therefore Kaplan Meier analysis was performed for four groups, 
open Hartmann’s, open primary anastomosis, laparoscopic Hartmann’s and laparoscopic 
primary anastomosis with probabilities of being stoma free at 12 months of 0.64, 1.00, 0.88 
and 1.00 respectively (P < 0.001, log rank test; figure 2 and eFigure 1). Colostomies in the 
laparoscopic group were reversed more often using the laparoscopic technique (12/13 LS, 
4/28 OS; P < 0.001).

Figure 2. Probability of being stoma free
Generated by Kaplan-Meier method. Log rank for all groups P < 0.001. Log rank for Hartmann’s lap vs open  
P = 0.019. Log rank for Primary anastomosis lap vs open P = 0.272



 ACUTE LAPAROSCOPIC SIGMOIDECTOMY - A PROPENSITY MATCHED COHORT | 103 

DISCUSSION

This first comparative study between open and laparoscopic sigmoidectomy shows 
laparoscopic sigmoidectomy for perforated diverticulitis to be superior to open 
sigmoidectomy with regard to morbidity and hospital stay. Laparoscopic sigmoidectomy is 
safe and feasible as shown by the low conversion rate and postoperative mortality that 
did not differ significantly compared to OS. The lower morbidity and hospital stay resulted 
in reduced costs per patient in the laparoscopic group. Stoma closure after Hartmann’s 
procedure occurred more often after a laparoscopic approach.
 Up to now, only a few small non comparative series have been described regarding 
laparoscopic sigmoidectomy for perforated diverticulitis.10 Favourable results were described 
in these selected patients, especially in comparison to the older open sigmoidectomy series. 
Another series by Turley et al.20 compared two groups of 67 patients in a propensity-matched 
cohort out of 1186 patients with emergency Hartmann’s procedure for diverticulitis. No 
statistically significant differences in postoperative morbidity (30% vs 25%), mortality (4.5% 
and 3.0%) and hospital stay (8 days vs 6 days) were shown between open and laparoscopic 
surgery respectively. A limitation of that study is the unclear indication for surgery in the 
included patients, which was not limited to Hinchey III and IV perforated diverticulitis. 
 In the EAES guidelines for emergency abdominal surgery, laparoscopic sigmoidectomy 
is described as a feasible option in experienced hands.21 However the cited paper by 
Zdichavsky et al.22 describes a semi-acute series after failed medical management of low 
grades of perforated diverticulitis. Although a slightly different population, these series do 
support the feasibility of laparoscopic sigmoidectomy in a contaminated abdomen. 
 Although overall postoperative morbidity was higher following open sigmoidectomy, 
only the difference in wound infection rate was statistically significant and made up for the 
complete 20% difference. However even without the wound infections, the total number of 
complications was higher following open sigmoidectomy (16 vs 73 surgical events and 23 vs 
96 total events in 39 and 78 patients).
 Stoma reversal did not differ between LS and OS after primary anastomosis, the probability 
of reversal was 100% in both groups, while 38% of the patients after LS and 56% after OS 
never had an ileostomy. This finding is not surprising, because closure of the defunctioning 
ileostomy can be done without laparotomy. The initial approach, either laparoscopic or 
open, does not affect the reversal rate for this reason.23,24 Following Hartmann’s procedure 
the probability of reversal for LS was 87% compared to 63% for OS. This data is reflected in 
previous study on acute Hartmann’s procedure, with a reversal rate of 72% after LS and 57% 
after OS in less selected patient populations.23,25   
 The main concern regarding laparoscopic surgery in general peritonitis is the risk of 
damage to the distended and vulnerable small bowel. A recent systematic review reported 
64% success of laparoscopic treatment in 2005 patients with small bowel obstruction. 
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About 10% of the conversions were due to iatrogenic injury and 7.6% due to inadequate 
exposure26 Even a small bowel diameter greater than four centimetres was not considered 
to be a contraindication for laparoscopy.27

 This study used a propensity-matched design to evaluate differences between both 
groups. This design allows for a correction for bias introduced by selection of patients, 
improving the reliability of the presented outcomes. This design has been shown to provide 
similar treatment effects compared to randomised studies, and therefore can be relied upon 
when randomised trials are not feasible.28

 The present study has some limitations. First it’s retrospective and non-randomised 
design might have introduced selection and reporting bias. Although all patient records 
were fully searched for outcomes, the registration might be incomplete compared to 
proper prospective registration. Second, the small proportion of patients with laparoscopic 
sigmoidectomy is likely to be selected based on favourable patient or disease characteristics, 
in combination with surgeon’s preferences. The patients selected for laparoscopy had a 
lower preoperative CRP level and a non-significant difference in age and ASA classification 
compared to open sigmoidectomy. Although only patients with Hinchey III and IV disease 
and no Hinchey II disease have been included, these results apply especially to patients with 
similar characteristics to those in this matched cohort.
 After diagnostic laparoscopy, in 44 patients the procedure was continued by laparoscopy 
while 51 patients were converted to laparotomy. Due to the retrospective nature of this 
study, the reason and moment of conversion remains unclear due to lack of standardised 
reporting. Some were converted before the diagnosis was clear, others upon diagnosing 
perforated diverticulitis. In two patients conversion was described after attempting 
laparoscopic resection and therefore recorded as conversion within the laparoscopic group, 
and analysed according to intention-to-treat. 
 In this propensity score matched cohort, laparoscopic sigmoidectomy is superior to open 
sigmoidectomy for perforated diverticulitis with regard to postoperative morbidity and 
hospital stay. Although the groups are matched, the results should be interpret with caution 
as the cohort consist of selected patients with more favourable baseline characteristics 
compared to the complete group and surgery was performed by experienced gastrointestinal 
surgeons.
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ABSTRACT

Aim
The study aimed to analyse the currently available national and international guidelines for 
areas of consensus and contrasting recommendations in the treatment of diverticulitis and 
thereby to design questions for future research.

Methods
MEDLINE, EMBASE and PubMed were systematically searched for guidelines on diverticular 
disease and diverticulitis. Inclusion was confined to papers in English and those <10 years 
old. The included topics were classified as consensus or controversy between guidelines, 
and the highest level of evidence was scored as sufficient (Oxford Centre of Evidence-Based 
Medicine Level of Evidence of 3a or higher) or insufficient. 

Results
Six guidelines were included and all topics with recommendations were compared. Overall, 
in 13 topics consensus was reached and 10 topics were regarded as controversial. In five 
topics, consensus was reached without sufficient evidence and in three topics there was 
no evidence and no consensus. Clinical staging, the need for intraluminal imaging, dietary 
restriction, duration of antibiotic treatment, the protocol for abscess treatment, the need 
for elective surgery in subgroups of patients, the need for surgery after abscess treatment 
and the level of the proximal resection margin all lack consensus or evidence.

Conclusion
Evidence on the diagnosis and treatment of diverticular disease and diverticulitis ranged 
from non-existent to strong, regardless of consensus. The most relevant research questions 
were identified and proposed as topics for future research.
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INTRODUCTION

Diverticular disease of the sigmoid colon is common, particularly in Caucasian populations. 
The prevalence increases with age and with exposure to certain lifestyle factors, such 
as a low-fibre diet and lack of physical exercise.2 About 25% of patients with left colonic 
diverticulosis develop one or more episodes of symptomatic diverticulitis.3 The inflammation 
of the diverticulum can progress to free perforation with peritonitis, abscesses, obstruction 
or fistula. Over recent decades, the treatment of diverticulitis has changed. Percutaneous 
drainage, antibiotic treatment and expectant policies lower the need for acute and elective 
surgical treatment.

Currently, several national and international guidelines are available on the diagnosis 
and treatment of diverticulitis. Within these guidelines, several topics remain controversial, 
and even in the case of consensus, evidence is frequently lacking.

For this paper, a search of national and international guidelines on diverticulitis was 
performed. From the included guidelines the main topics of consensus and controversy 
were subtracted and the controversial topics were used to design new hypotheses for future 
research.

METHODS

A systematic search for guidelines on diverticular disease was performed. MEDLINE, 
EMBASE and PubMed were searched on 26 June 2013, and references and gastrointestinal 
and surgical society websites were searched for additional literature (appendix S1). The 
inclusion criteria used were national and international guidelines, clear recommendations 
based on levels of evidence (LE) or grades of recommendation, a publication date within the 
past 10 years and the availability of a full-text version in English. If recommendations were 
not given in the format of the Oxford Centre of Evidence-Based Medicine Levels of Evidence 
(2009), we manually reassigned the levels of evidence as shown in table S1.1 All topics 
discussed in the guidelines and followed by recommendations were included in this review. 
After analysing the recommendations, they were summarized and assessed for consensus 
or controversy. Consensus was defined as a topic discussed by at least two guidelines with 
a unanimous recommendation. For each topic, the highest level of evidence available was 
classified as sufficient (minimum LE of 3a) or insufficient. All topics of interest for future 
research were debated in a plenary session during the European Society of Coloproctology 
(ESCP) 8th annual meeting in Belgrade and were listed according to relevance.
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RESULTS

Search
After searching EMBASE, MEDLINE and PubMed, 475 hits could be retrieved. After removal 
of duplicates and evaluation of the title and abstract, 256 relevant papers were identified. 
Careful evaluation of the abstract and full text resulted in 21 possible guidelines for further 
analysis. Hand searching resulted in three additional references (figure 1).

Excluded guidelines
Nineteen guidelines were considered for inclusion after excluding five previous versions 
of updated guidelines4–8. The Dutch NHG (Dutch Association of General Practitioners), 
French, Italian, Mexican and Spanish guidelines could not be retrieved in full text or the 
English language and were therefore excluded.9–13 The Guidelines of the American College 
of Gastroenterology (ACG) and the Society of American Gastrointestinal and Endoscopic 
Surgeons (SAGES) were excluded because they were published more than 10 years ago.14,15 
No other guidelines contained recommendations and levels of evidence.16–27

Figure 1. Flow chart showing the inclusion and exclusion criteria for the publications on diverticulitis 
included in this study. 



 SYSTEMATIC REVIEW OF GUIDELINES | 113 

Included guidelines
The included guidelines were those of the American Society of Colon and Rectal Surgeons 
(ASCRS) 2006,28 the Association of Coloproctology of Great Britain and Ireland (ACPGBI) 
2011,29 the Association of Surgeons of The Netherlands (ASN) 2012,30,31 the Danish Surgical 
Society (DSS) 2011,32 the European Association for Endoscopic Surgery (EAES) 201133 and 
the World Society for Emergency Surgery (WSES) 2013 (table S2).34 The EAES and the WSES 
guidelines focus on the emergency surgical treatment of abdominal emergencies, including 
diverticulitis. The ASN guideline is published as an extensive document in Dutch, and has 
been summarized in English by Andeweg et al.30 The comparative findings from the reviewed 
guidelines are summarized in table S3.

Clinical diagnosis and staging

Staging	of	diverticular	disease
Various, but similar, classifications were used to describe diverticular disease in the included 
guidelines. Acute diverticulitis was divided into complicated diverticulitis and uncomplicated 
diverticulitis by all but the WSES guideline. Complicated diverticulitis was defined as acute 
inflamed diverticula causing abscess formation, perforation or fistula, or late stenosis 
following recurrent disease. Diverticular hemorrhage was defined within complicated 
diverticulitis only by the ACPCBI. Uncomplicated diverticulitis was defined as inflammation 
and wall thickening without any abscess, perforation, fistula or bleeding.
 The severity of acute complicated diverticulitis was classified according to the Hinchey 

or modified Hinchey classification,35-37 by all included guidelines. In addition, the DSS and 
the ASN also discuss the classification by Kaiser et al,38 Ambrosetti et al,39 and Hansen and 
Stock.40 Although they recommend the use of the (modified) Hinchey classification because 
it is widely used in the literature. An overview of all classifications is presented in table S4.

Conclusion:	A	uniform	clinical	and	radiological	classification	for	diverticulitis	 is	 lacking.	
Controversy,	LE	5.

Table S2. Overview of included guidelines

Guideline Year Language Previous 
versions

Contributors

ASCRS 29 2006 English 2000, 1995 Standards committee

ACPGBI 30 2011 English - Not stated

ASN (NVvH) 9,31 2012 /2013 Dutch/ English summary 2010 Workgroup

DSS 33 2011 English - Workgroup

EAES/SICU 34 2011 English 2006 Consensus meeting

WSES 35 2013 English 2010 Expert panel
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Clinical	diagnosis
All guidelines recommend radiological evidence to support the diagnosis of diverticulitis. 
The ASN and the DSS describe three additional criteria with a high positive predictive value: 
abdominal pain in the left lower quadrant; a C-reactive protein (CRP) value of < 50 mg/l; and 
the absence of vomiting. However, they do acknowledge the limited utility of these criteria, 
as they are met in only 25% of patients. 

Conclusion:	Clinical	assessment	alone	for	the	diagnosis	of	diverticulitis	is	insufficiently			
precise.	Consensus,	LE	2a.41–44

Imaging	for	acute	diverticulitis
The WSES and the EAES guidelines do not discuss imaging modalities for acute diverticulitis. 
The others agree on a high accuracy of CT for the diagnosis of acute diverticulitis. The 
ACPGBI guideline does not provide a preference for the use of either CT or ultrasound (US) 
as both show equally high sensitivity and specificity, and recommends that the decision 
should be based on local expertise and availability. The ASN guideline advised the use of 
ultrasound, but when the outcome is negative or inconclusive, CT should be performed. An 
immediate CT-scan is recommended for severe peritonitis because it is able to differentiate 
the possible causes more clearly. Except for pregnant and fertile women, the DSS guidelines 
recommend CT over ultrasound because it is less operator-dependent. The ASCRS does not 
discuss ultrasound as an alternative to CT.
 The DSS states colonoscopy to be safe in acute diverticulitis without free air and 
recommends early colonoscopy when a sigmoid carcinoma is suspected. Other guidelines 
recommend delayed colonoscopy to reduce the risk of perforation. An interval of 6 weeks is 
considered to be safe, although evidence for this interval is lacking.

Conclusion:	CT	is	accurate	for	the	diagnosis	of	acute	diverticulitis.	Consensus,	LE	1b.39,45,46 
Both	ultrasound	and	CT	can	be	used	to	diagnose	acute	diverticulitis.	Controversy,	LE	1a.	
42,47,48	 There	 is	 no	 role	 for	 colonoscopy	 in	 the	 acute	 phase	 to	 diagnose	 diverticulitis.	
Controversy,	LE	2b.49,50

Routine	intraluminal	investigation	after	CT-diagnosed	diverticulitis	to	exclude	malignancy
Four guidelines recommend a routine colonoscopy after CT-diagnosed acute diverticulitis. 
The EAES and the ASCRS guidelines recommend routine colonoscopy without discussion. 
The ASN recommends limiting the indication to symptomatic patients only. The DSS agrees 
on the low additional risk of carcinoma in asymptomatic patients, but recommends routine 
colonoscopy anyway.

Conclusion:	 Routine	 intraluminal	 imaging	 following	 CT-diagnosed	 diverticulitis	 is	
recommended	in	symptomatic	patients.	Consensus,	LE	2b.39,51,52

It	 is	 unclear	 if	 routine	 intraluminal	 imaging	 is	 required	 for	 asymptomatic	 patients	
following	CT-diagnosed	diverticulitis.	Controversy,	LE	2b.39,51,52
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Risk factors

Risk	factors	for	the	development	of	diverticular	disease	and	complicated	diverticulitis	
Only the DSS and the ASN guidelines discuss risk factors for diverticular disease. Both report 
low dietary fibre and low physical activity to increase the risk, although the ASN does not 
give a clear recommendation on fibre intake. The evidence for the impact of obesity is 
inconsistent. Smoking is a risk factor for complicated disease, but not for the aetiology of 
diverticular disease. The ASN discusses additional risk factors, including nonsteroidal anti-
inflammatory drugs (NSAIDs), renal failure, organ transplantation and steroid use for the 
development of complicated diverticulitis. Patients with human immunodeficiency virus 
(HIV), diabetes, malignancy or chemotherapy do not have an increased risk of complicated 
diverticulitis.

Conclusion:	A	low-fibre	diet	and	lack	of	physical	activity	are	risk	factors	for	the	development	
of	diverticular	disease.	Consensus,	LE	2b.53–55

Smoking,	NSAID	use,	renal	failure,	organ	transplants	and	steroid	use	are	risk	factors	for	
the	development	of	complicated	diverticulitis.	Consensus,	LE	2a.56

Treatment of uncomplicated diverticulitis

Treatment	of	symptomatic	and	recurrent	diverticular	disease	
No clear treatment protocol for symptomatic diverticular disease without acute inflammation 
is discussed in any of the guidelines. The ASN and the DSS recommend supplementary 
dietary fibre and it is suggested that cyclic rifaximin gives relief to one in three patients with 
persistent symptoms. If conservative therapy fails, three out of four patients will benefit from 
elective resection. In addition, the ASN suggests 5-aminosalicylic acid (5-ASA) and probiotics 
as treatment options. All have been reported to reduce the risk of recurrent disease.

Conclusion:	Dietary	fibre	supplementation	and	rifaximin	reduce	symptoms	and	can	reduce	
the	risk	of	recurrent	diverticular	disease.	Consensus,	LE	1a.57–62

Outpatient	treatment	of	acute	uncomplicated	diverticulitis
The WSES and the ASCRS guidelines recommend outpatient treatment for mild cases of 
acute uncomplicated diverticulitis. They restrict this policy to those patients without fever 
and without excessive vomiting, who are able to take oral liquids, have no marked peritonitis 
and have a sufficient domestic support system and follow up. A recent randomized trial 
showed no difference in the outcome between hospitalization and outpatient treatment for 
Hinchey 1a diverticulitis.63

Conclusion:	 Outpatient	 treatment	 is	 safe	 for	 mild	 cases	 of	 acute	 uncomplicated	
diverticulitis.	Consensus,	LE	1b.63
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Routine	antibiotics	for	acute	uncomplicated	diverticulitis
The ASCRS, the EAES and the WSES recommend antibiotic treatment for acute uncomplicated 
diverticulitis, but the WSES acknowledges recent controversy in the need for antibiotics. 
Based on the same evidence, the DSS and the ASN guidelines do not recommend the 
routine use of antibiotics. They only recommend antibiotic treatment in pregnant patients, 
in patients with septicaemia or a poor general condition, or in patients who are receiving 
immunosuppressive therapy. When antibiotics are indicated, the ASCRS and the WSES 
recommend the use of intravenous antibiotics if patients are hospitalized and the ASN 
guidelines state that oral antibiotics are as effective. The length of the antibiotic course 
is discussed only in the ASN guideline, with 4 days being as effective as a 7-day course of 
intravenous antibiotics.

Conclusion:	 There	 is	 no	 indication	 for	 the	 routine	 	 use	 of	 antibiotics	 in	 uncomplicated	
diverticulitis.	Controversy,	LE	1b.8,64,65

There	is	no	indication	for	the	preference	of	intravenous	antibiotics	over	oral	antibiotics.	
Controversy,	LE	1b.8,65,66

Dietary	restriction	in	acute	uncomplicated	diverticulitis
No evidence exists for the benefit of a restrictive diet in acute uncomplicated diverticulitis. 
The ASN and DSS guidelines recommend normal oral intake if tolerated in the acute phase. 
The ASCRS does not make a recommendation regarding diet but describes the option of 
dietary modification and the need to take oral liquids. 

Conclusion:	There	is	no	evidence	for	dietary	restriction	in	acute	uncomplicated	diverticulitis.	
Controversy,	LE	5.

Analgesia	in	acute	uncomplicated	diverticulitis
The ASN guideline discussed the possible adverse effects of analgesia in diverticulitis. No 
evidence was reported for negative effects of acetaminophen, NSAIDs or morphine on the 
clinical course of acute diverticulitis. In chronic users, NSAIDs are associated with ulceration, 
perforation and bleeding of the intestine, but there is no evidence for a higher risk of 
complications from acute diverticular disease. The ASN guideline recommends stopping 
chronic NSAID use in patients with acute diverticulitis. The DSS guidelines also describe a 
higher risk of diverticular bleeding with use of NSAIDs and acetaminophen in diverticular 
disease but do not discuss the effect in acute diverticulitis.

Conclusion:	 It	 is	unclear	whether	NSAIDs	and	acetaminophen	should	be	avoided	in	the	
treatment	of	acute	diverticulitis.	Controversy,	LE	5.
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Treatment of complicated diverticulitis

Acute treatment of mesocolic and pelvic abscesses 
All guidelines recommend conservative management of small mesocolic abscesses with 
antibiotics and recommend percutaneous drainage for larger abscesses. The definition of 
a large abscess was one that ranged in size from > 2 to > 5 cm. No consideration is given to 
the option of percutaneous aspiration only, including the duration of drainage. No evidence 
is available on drainage without antibiotics.

Conclusion:	 Small	 abscesses	 can	 be	 treated	 with	 antibiotics,	 and	 for	 large	 abscesses	
percutaneous	drainage	and	antibiotics	are	recommended.	Consensus,	LE	2b.67–69

Pelvic	abscesses	require	more	aggressive	therapy	compared	with	mesocolic	abscesses,	
with	percutaneous	drainage	and	elective	surgery	if	unsuccessful.	Consensus,	LE	2b.39,70,71

There	is	no	evidence	for	a	preferred	drainage	regime.	Controversy,	LE	5.

Laparoscopic	lavage	for	Hinchey	III	perforated	diverticulitis
All but ASCRS discuss the option of laparoscopic lavage for Hinchey III diverticulitis. They 
state that it is a safe approach for selected patients with Hinchey III diverticulitis. The ASN 
guideline only advises lavage within a clinical trial setting. No clear recommendations were 
given regarding lavage as a bridge to elective resection or as a final treatment option.

Conclusion:	Laparoscopic	lavage	is	safe	for	selected	patients	with	Hinchey	III	diverticulitis.	
Consensus,	LE	3a.72–78

Primary	anastomosis	for	Hinchey	III–IV	perforated	diverticulitis
Most guidelines recommend a sigmoid resection if a perforation is seen. Only the EAES 
suggest the option of suturing the perforation and application of an omental patch if no 
faecal contamination is present. The WSES guideline recommends Hartmann’s procedure 
for all patients with generalized peritonitis. The ASN recommends primary anastomosis over 
Hartmann’s procedure for haemodynamically stable patients. Others recommend resection 
without a clear preference for primary anastomosis or Hartmann’s procedure.

Conclusion:	 Primary	 anastomosis	 is	 safe	 for	 haemodynamically	 stable	 patients	 with	
Hinchey	III	and	Hinchey	IV	diverticulitis.	Controversy,	LE	2b.79–81

Laparoscopic	resection	for	Hinchey	III–IV	perforated	diverticulitis	
Only the EAES and the ASN guidelines discuss the option for a laparoscopic approach in 
haemodynamically stable patients. Others do not specify recommendations on acute or 
elective resections for complicated diverticulitis.

Conclusion:	Acute	 laparoscopic	 resection	 is	 safe	 for	haemodynamically	 stable	patients	
with	perforated	diverticulitis.	Consensus,	LE	4.79–81
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Elective treatment of diverticulitis

Elective	surgery	following	acute	uncomplicated	diverticulitis	
All but one guideline recommends an individualized treatment rather than routine elective 
resection. The presence of persistent symptoms, the frequency and severity of attacks and 
the low risk of complicated recurrence do not justify elective resection after any number of 
episodes. Recruitment is currently underway for a randomized trial in which elective surgery 
will be compared with conservative treatment.82

Conclusion:	There	 is	no	routine	 indication	for	elective	surgery	 following	uncomplicated	
diverticulitis.	Consensus,	LE	2a.83–85

Elective	surgery	in	young	patients
Of all patients hospitalized for diverticulitis, only 20–30% are under 50 years of age. The 
longer life expectancy of younger patients is associated with a slightly higher lifetime risk 
of complications and recurrence. The ACPGBI, the ASN and the DSS do not recommend 
different indications for elective treatment based on age. The ASCRS recognizes that the 
risks are only increased as a result of the longer lifespan of such patients, but does not make 
a recommendation on whether or not this is an indication for elective treatment.

Conclusion:	There	is	no	additional	indication	for	elective	surgery	based	on	an	age	under	
50	years.	Consensus,	LE	3b.86–88

Elective	surgery	in	immunocompromised	patients
The ASN and the DSS guidelines discuss the indications for elective surgery in 
immunocompromised patients. The DSS guideline justifies surgery after the first episode 
of diverticulitis in patients with immunosuppressive therapy, chronic renal failure and 
collagen-vascular disease, as they have an increased risk of perforation in recurrent episodes 
of diverticulitis. The ASN guideline advises against screening and prophylactic surgery. The 
controversy is based on the balance of risk from complicated diverticulitis and morbidity vs 
the risk of prophylactic sigmoid resection.

Conclusion:	 Earlier	 elective	 surgery	might	 be	 justified	 because	 of	 an	 increased	 risk	 of	
complications	in	selected	immunocompromised	patients.	Controversy,	LE	2a.56,89

Elective	surgery	after	nonsurgical	treatment	of	abscesses	
The ASCRS guideline recommends elective surgery for all patients following diverticular 
abscesses, but acknowledges the possibility of nonoperative management. The ACPGBI 
and the WSES only recommend elective surgical treatment for pelvic abscesses because of 
their poor long-term prognosis. The guidelines agree that successfully treated mesocolic 
abscesses do not routinely require surgery. No recommendations related to the size of the 
abscess were made by any guideline.
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Conclusion:	 There	 is	 no	 evidence	 for	 a	 routine	 indication	 for	 elective	 surgery	 after	
nonsurgical	treatment	of	abscesses.	Controversy,	LE	4.70,90,91

Pelvic	abscesses	do	have	a	higher	recurrence	rate	and	might	justify	surgery.	Controversy,	
LE	2b.70

Elective	surgery	in	complicated	diverticulitis	with	obstruction	or	fistula
The ASN, the DSS and the EAES guidelines recommend routine sigmoid resection for 
complicated diverticulitis with fistula or stenosis. However, the DSS guideline recommends 
individualized treatment in highrisk patients. Patients with a high surgical risk may benefit 
from colostomy without resection of the diseased segment.

Conclusion:	 Complicated	 diverticulitis	 with	 obstruction	 or	 fistula	 is	 an	 indication	 for	
elective	surgery,	although	more	conservative	options	are	possible	for	high-risk	patients.	
Consensus,	LE	4.92

Oncological	resection	for	suspected,	but	unconfirmed,	malignancy	
The ASCRS, the ASN and the DSS recommend oncological surgical resection if the imaging 
of the colon is suspect for malignancy because a differential diagnosis of diverticulitis and 
definitive diagnosis with colonoscopy is not possible.
	 Conclusion:	Surgery	is	indicated	when	carcinoma	cannot	be	excluded.	Consensus,	LE	5.

Level	of	resection	for	elective	surgery
The ACPGBI, the ASN and the DSS guidelines agree that the distal resection margin should 
be on the proximal rectum. For the proximal margin, all guidelines recommend not to resect 
all diverticulosis and to make an anastomosis in soft, compliant bowel tissue.

Conclusion:	 The	 distal	 resection	 margin	 should	 be	 on	 the	 proximal	 rectum	 and	 the	
proximal	margin	should	be	in	soft	compliant	bowel.	Consensus,	LE	4.93,94

Laparoscopic	surgery	for	uncomplicated	diverticulitis
Laparoscopic surgery for elective resection in symptomatic and recurrent disease is 
recommended over open surgery by all included guidelines. Laparoscopy results in less 
morbidity and in faster recovery. The guidelines limit their recommendation to experienced 
laparoscopic surgeons and to elective surgery and advise caution in complicated disease.

Conclusion:	 Laparoscopic	 elective	 surgery	 for	 uncomplicated	 diverticulitis	 is	 preferred	
when	surgery	is	indicated.	Consensus,	LE	1b.95,96
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DISCUSSION

Quality of available guidelines
The six included guidelines are all initiated or approved by national or international surgical 
societies. Figure 2 shows that here are more topics with consensus than without, but within 
both groups about the same proportion of topics have sufficient (LE ≥ 3a) supporting evidence. 
In table S3 an overview of the levels of evidence and of the best-supporting references 
is given for each topic and each guideline. Many topics were without consensus, or were 
with consensus but without sufficient supporting evidence. In two topics, consensus was 
achieved with sufficient evidence, but these were discussed in only two of the guidelines. 
These are discussed with the aim of forming new, clinically relevant, research questions.

Topics without consensus
Staging
Although all guidelines use the (modified) Hinchey classification, there is no consensus 
regarding the best classification system. None differentiate between small air pockets in 
the pericolic fat, a large air pocket around the sigmoid or a massive pneumoperitoneum. In 
a recent study evaluating CT images blinded for the Hinchey classification, over 50% of the 
patients with a surgical Hinchey I or II Stage had localized gas bubbles on CT.97 Even though 
free air is strongly associated with perforated diverticulitis, it can overestimate the Hinchey 
classification. Costi et al.98 showed that diverticulitis with limited pericolic air can be treated 
nonsurgically with antibiotics and percutaneous drainage only. This option is not addressed 
by any of the included guidelines.

Imaging
Despite the high levels of evidence, no consensus was reached concerning the preferred 
imaging modality for acute diverticulitis. There is sufficient evidence on the high sensitivity 
and specificity of both CT and ultrasound, but there is controversy about which is preferred. 
This is based on local preference and experience, as the quality of ultrasound depends on 
the experience of the sonographer. CT is more likely to distinguish between alternative 
diagnoses, but ultrasound is safer for fertile and pregnant women. 

Imaging following nonsurgically treated diverticulitis 
After the first episode of acute diverticulitis, most guidelines recommend routine 
intraluminal imaging to exclude other possible diagnoses, such as carcinoma. However, 
data from cohort studies do not show an increased incidence of colorectal carcinoma in 
asymptomatic patients after CT-diagnosed uncomplicated diverticulitis.99,100 Only the ASN 
does not recommend routine intraluminal imaging for CT-diagnosed asymptomatic patients 
based on these data. 
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Dietary restrictions and medical therapy for acute diverticulitis
Although dietary restriction is common practice for the treatment of acute diverticulitis, no 
guideline provides any fact-based evidence. Two guidelines do recommend a normal oral 
diet if tolerated and this has recently been supported by clinical data.101 The use of NSAIDs 
and acetaminophen has been associated with an increased risk of diverticular bleeding and 
perforation in chronic users.102,103 No evidence is available regarding the risk of NSAID use 
in the acute setting.

Antibiotic treatment for acute uncomplicated diverticulitis
Antibiotic treatment for acute uncomplicated diverticulitis is routinely used to prevent septic 
complications. Several studies reported no beneficial effect of the routine use of antibiotics8. 
The results of a second, large, recently completed randomized study are awaited to ascertain 
whether these provide more evidence for a change in recommendations.104

Surgical treatment for Hinchey III and IV perforated diverticulitis
Open Hartmann’s procedure has been the standard of care for perforated diverticulitis. 
Sigmoid resection with primary anastomosis has been introduced as an alternative for 
haemodynamically stable patients.105,106 Whilst most guidelines recommend Hartmann’s 
procedure or refrain from a recommendation, recent studies provide evidence of similar 
results with primary anastomosis. When stoma reversal is taken into account, primary 
anastomosis (with or without ileostomy) results in lower morbidity rates.106 More evidence 
is awaited from the randomized controlled ladies trial.107

Figure 2. Summary of included topics. 
(A) Topics with consensus, highest level of evidence available. (B) Topics without consensus, highest level of 
evidence available. H III-IV, Hinchey III–IV diverticulitis; US, ultrasound.
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Treatment of complicated diverticulitis with abscesses
Consensus is reached for the nonsurgical treatment of abscesses with antibiotics and 
percutaneous drainage. The indications are clear, but a proper treatment protocol for 
duration of drainage and the need for subsequent sigmoid is missing. The cut-off size for 
the need of percutaneous drainage is unclear, as is the difference in therapy for mesocolic 
and pelvic abscess formation. Duration of drainage and flushing regimes are not even 
mentioned. Follow-up data show lower recurrence rates for mesocolic abscesses compared 
with pelvic abscesses after successful nonsurgical treatment. Whether these risks justify 
routine surgery or an expectant treatment policy remains unclear. 

Immunocompromised patients
Earlier elective surgery might be justified in patients with immunosuppressive therapy, 
chronic renal failure and collagen-vascular disease. These patients are known to have a 
higher risk of diverticulitis and complications when diverticulosis is present. However, it 
remains unclear if the reduced complications as a result of earlier elective surgery outweigh 
the risks of elective surgery in these patients. More evidence would help to define the 
timing of surgical intervention.

Topics with consensus but lacking high-quality evidence

Risk factors for the development of diverticular disease
Low fibre intake has been reported as a risk factor for the development of diverticular 
disease, with sufficient evidence, but this is based on one study from 1998.55 Since then, 
several others have been published with contrasting conclusions, but have not been 
included in the guidelines.108,109

Need for oncologic resection and resection margins
If a suspected malignancy cannot be excluded by colonoscopy, all guidelines recommend 
resection with oncological margins. No evidence is presented, but in this case Level 5 
evidence is acceptable as a study would be unethical. The level of resection is agreed upon 
for the distal margin.93,94 For the proximal margin, guidelines also agree on not to resect all 
diverticula without evidence to support this statement.

Laparoscopic surgery for acute and elective treatment of diverticulitis
Laparoscopic sigmoid resection for uncomplicated diverticulitis is the preferred treatment 
in experienced hands, but acute laparoscopic resection for perforated diverticulitis is less 
commonly undertaken. Only a few case series have been described and are the basis of weak 
recommendations by the DSS and the EAES. More clinical studies are required to establish 
the safety and feasibility of acute laparoscopic resection for perforated diverticulitis.
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Indications for elective surgery following complicated diverticulitis
Surgical resection for the elective treatment of obstruction and fistula is recommended. For 
high-risk patients, conservative treatment, endoscopic stent insertion or a diverting stoma 
may result in an acceptable outcome.92

Elective surgery in young patients
Younger patients have a similar absolute risk of recurrence, but a higher lifetime risk. 
As individual treatment is recommended, it remains unclear whether age alone should 
determine the need for elective surgery. Morbidity and mortality rates of acute resection in 
this group are low. Prophylactic surgery may not be justified, but some long-term follow-up 
studies are required.

Topics with consensus and high-quality evidence
Consensus was reached on most topics with high-quality evidence. Guidelines agree on 
the need for imaging in addition to the clinical diagnosis, for staging and to exclude other 
diagnoses, preferably by CT-scan. Symptomatic or recurrent uncomplicated disease can be 
treated with dietary fibre. Rifaximin and probiotics before elective surgery are considered. 
Mild diverticulitis can be treated in the outpatient setting if satisfactory discharge criteria 
are met at the time of presentation. Elective surgery is not routine treatment following 
any case of diverticulitis. It does not outweigh the risk of complications of recurrences, 
even after multiple recurrences. If elective surgery is indicated, laparoscopic surgery is 
preferred in experienced hands because of lower morbidity and faster recovery. For failed 
conservative treatment of abscesses and Hinchey III perforated diverticulitis, laparoscopic 
lavage is a treatment option.

Suggested questions for future research
Suggested topics for future research are summarized in table S5. Not all those addressed in 
the discussion have resulted in a research question as some are already under investigation 
and the results are awaited. All others were debated during the ESCP 8th Annual Meeting in 
a plenary session where this project was presented. Following this discussion we selected 
the following as the most relevant and feasible topics: 
1. The need for earlier elective surgery in young and immunocompromised subgroups;
2. Treatment of abscesses following diverticulitis;
3. The risk of cancer masked by an episode of diverticulitis; and
4. Restrictive or nonrestrictive diet tolerance assessed by patient-reported outcome 
measurement.
 We selected only four questions for future research after evaluating 23 topics. This 
discrepancy illustrates the amount of recent and ongoing research that is expected to 
provide answers to the other topics.
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Table S5. Topics requiring further research, based on lack of consensus or lack of evidence

Topic Question

Clinical relevant staging based on imaging/
clinical presentation

• Definition of complicated diverticulitis for pre-
operative imaging
• What are the clinical consequences of a more 
detailed radiological staging system

Intra-luminal imaging in CT diagnosed 
diverticulitis

• What is the risk of cancer masked by an episode 
of diverticulitis? 
• Difference between uncomplicated and 
complicated presentation? 

Dietary needs in acute uncomplicated 
diverticulitis

• Patient reported outcome measurement for 
restrictive or non-restrictive diet (tolerance, pain, 
time until recovery)

Acute treatment of abscesses • Do small abscesses need antibiotics? If needed 
are oral or IV antibiotics indicated?
• Is there a need for drainage and a need for 
antibiotics during adequate drainage?
• What is the required duration of drainage? A set 
time, size, size reduction or production?
• What is an appropriate flushing regime after 
drainage or is aspiration only sufficient?

Need for elective surgery after conservative 
treatment of abscesses

• Treated without drainage (pelvic, mesocolic or 
multiple abscesses)
• Treated with percutaneous drainage (pelvic, 
mesocolic or multiple abscesses)

Need for elective surgery in subgroups of 
patients

• Immunocompromised patients (Early surgery 
versus conservative policy)
• Young patients (Early surgery versus conservative 
policy)

Acute laparoscopic surgery • Is acute laparoscopic sigmoid resection safe for 
perforated diverticulitis?

Level of proximal resection margin in 
elective surgery

• What is the best description for the proximal 
resection margin to avoid unnecessary resection 
and prevent recurrences?
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APPENDIX - SEARCH STRATEGIES

EMBASE (Ovid) 26.06.13 – 299 hits
1. exp Diverticulitis/
2. exp Diverticulosis/
3. diverticul*.mp.
4. 1 or 2 or 3
5. exp Practice guideline/
6. exp Consensus development OR exp 
Consensus
7. practice parameter.mp
8. (consensus or guideline*).mp
9. 5 or 6 or 7 or 8
10. exp sigmoid/
11. exp colon/
12. (colon* or sigmoid*).mp
13. 11 or 12 or 13
14. 4 and 9 and 13  

MEDLINE (Ovid) 26.06.13 – 125 hits
1. exp Diverticulitis/
2. exp Diverticulosis/
3. diverticul*.mp.
4. 1 or 2 or 3
5. exp Practice guideline/
6. exp Consensus development OR exp 
Consensus
7. practice parameter.mp
8. (consensus or guideline*).mp
9. 5 or 6 or 7 or 8
10. exp sigmoid/
11. exp colon/
12. (colon* or sigmoid*).mp
13. 11 or 12 or 13
14. 4 and 9 and 12  
 

PubMed 26.06.13  -121Hits
1. “Diverticulitis, Colonic”[Mesh] or 
“Diverticulitis”[Mesh]
2. “Diverticulosis, Colonic”[Mesh]
3. diverticul*
4. 1 or 2 or 3
5. “Guideline” [Publication Type] OR 
“Guidelines as Topic”[Mesh] OR “Practice 
Guideline” [Publication Type] OR “Guideline 
Adherence”[Mesh]
6. “Consensus”[Mesh] OR “Consensus 
Development Conference, NIH” [Publication 
Type] OR “Consensus Development 
Conference” [Publication Type] OR 
“Consensus Development Conferences, 
NIH as Topic”[Mesh] OR “Consensus 
Development Conferences as Topic”[Mesh]
7. guideline*
8. consensus*
9. 5 or 6 or 7 or 8
10. “Colon”[Mesh] OR “Colon, 
Sigmoid”[Mesh] OR “Diverticulum, 
Colon”[Mesh]
11. colon* or sigmoid*
12. 11 or 12
13. 4 and 9 and 12
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ABSTRACT

Background
Increasing numbers of colorectal resections are performed laparoscopically each year. In 
2010, 42% of all colorectal procedures in The Netherlands were performed laparoscopically. 
Although the anastomotic leakage rate is 3%–19% of all patients, little is known about 
laparoscopic options for reintervention. Our study aims to evaluate the safety and feasibility 
of laparoscopic reintervention compared with open surgery following colorectal surgery.

Methods
All patients who required a surgical reintervention for an anastomotic leak, bowel perforation, 
or abscess after laparoscopic colorectal surgery between January 2008 and June 2012 were 
analysed retrospectively. Demographic data, operative management, morbidity, hospital 
stay, and mortality were collected and analyzed for each patient.

Results
Fifty-six patients were included. Eighteen patients had a laparotomy following laparoscopy, 
and 38 patients had a laparoscopic reintervention following laparoscopy. The median age 
was 65 years, with a median body mass index of 26 kg/m2. Four patients had a previous 
laparotomy, and 73% had surgery for malignant colorectal disease. The length of hospital 
stay was 20 days in the laparoscopic group versus 31 days in the open group (P = 0.044). Six 
out of 38 versus 7 out of 18 patients required an additional reintervention (P = 0.056). Fewer 
patients developed fascial dehiscence in the laparoscopic group (P = 0.033). In-hospital 
mortality was 4 out of 18 in the open group compared with 2 out of 38 in the laparoscopic 
group (P = 0.077).

Conclusion
Laparoscopic reintervention could be a safe and feasible treatment for anastomotic leakage 
after laparoscopic colorectal surgery. These promising results need to be further investigated 
in a prospective study to reduce uncertainty in the patient’s condition and perioperative 
findings.
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INTRODUCTION

Historically, abdominal surgery implied laparotomy, while today colorectal surgery can be 
performed using laparoscopy, robotic surgery, or hand-assisted laparoscopic surgery as well. 
Data from the Dutch Surgical Colorectal Audit provide insight into the contemporary surgical 
treatment of colorectal cancer in The Netherlands; over 9000 oncological colorectal surgical 
procedures are performed each year, with laparoscopic surgery accounting for 42% of all 
elective procedures.1

 Previous research has proven laparoscopic techniques to be superior to laparotomy in 
regard to intraoperative blood loss, recovery, hospital stay, abdominal wall complications, 
and number of reinterventions.2,3

 Anastomotic leak, the most important complication in colorectal surgery with a 
prevalence of 3%–19%, is associated with a 30-day mortality of 6%–22%.4 Oncological 
outcomesare also affected in the case of an anastomotic leak, as rates of local recurrence 
and distant metastases are higher, and cancer-specific survival is reduced.5–8 Therefore, 
complicated colorectal surgery has major short- and long-term consequences for patients. 
Although a significant amount of research has been done for prevention of anastomotic 
leakage, not much is known about the preferred approach for management of leaks. In 
the absence of peritonitis, successful conservative treatment and radiological drainage for 
limited anastomotic leaks and abscesses have been described for low rectal anastomoses.9 
When surgery is indicated, the choice between resection and diversion of the anastomosis 
with a loop ileostomy remains unclear. Although most surgeons advocate resection of the 
anastomosis and end colostomy, some data suggest that management with lavage and a 
loop ileostomy is feasible and associated with less mortality and morbidity if no sepsis or 
fecal contamination is present.9–14

 With the aim of less invasive treatment of the postoperative acute abdomen, our study 
aims to assess safety and feasibility of laparoscopic reintervention compared with open 
reintervention in case of the suspected anastomotic leakage after colorectal surgery. 
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METHODS

Patients
In this retrospective study, all consecutive patients who underwent surgical reintervention 
following laparoscopic elective benign and malignant colorectal surgery in two teaching 
hospitals between January 2008 and June 2012 were assessed for inclusion. Patients 
who underwent colorectal reintervention following hepatobiliary, abdominal vascular, 
gynecological, or urological surgery were excluded. Patients who underwent acute surgery, 
patients with a continuity restoration procedure, and patients with Dukes’ D carcinoma 
were excluded. Only patients requiring surgical reintervention for clinical or radiologically 
suspected anastomotic leakage, bowel perforation, or abscesses after laparoscopic 
colorectal resection were included.
 Two groups were formed according to the technique of reintervention. The first group 
included all patients who underwent open reintervention, and the second group included 
the patients who underwent a laparoscopic reintervention. Patients who required an 
additional open reintervention after laparoscopic reintervention and patients in whom 
laparoscopic reintervention was converted to open surgery were included in the laparoscopic 
reintervention group according to the intention-to-treat principle. 
 Patients’ medical charts were reviewed, and data were collected on age, gender, body mass 
index, comorbidity, and primary procedure. Comorbidity was defined as diabetes, pulmonary 
disease, or cardiac disease with New York Heart Association class ≥ 2. Reintervention data 
collected included the timing and indication of reintervention, C-reactive protein and white 
blood cell levels, and radiology exams prior to reintervention. Perioperative data including 
severity of peritoneal contamination, the condition of the anastomosis, and the procedure 
performed were collected from surgical reports. Conversion, defined as a laparotomy or 
extension of the extraction site incision, was recorded.
 Clinical outcomes were length of hospital stay, intensive care unit (ICU) admission rate, 
ICU length of stay, presence of organ failure, fascial dehiscence, the number of additional 
surgical and radiological reinterventions, and in-hospital mortality following reintervention. 
Severity of organ failure in the ICU was scored as minor (requiring surveillance only), single, 
or multi-organ failure. Surveillance only was defined as < 24 hours of respiratory support 
and no hemodynamic or renal failure. Respiratory failure was defined as need for respiratory 
support for > 24 hours, cardiovascular failure was defined as need for inotropic support, and 
renal failure was defined as need for hemodialysis or hemofiltration. Multiorgan failure was 
failure of two or more organ systems at the same moment in time.
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Operative technique
Surgical reinterventions were performed with the patient under general anesthesia with 
additional epidural analgesia if hemodynamically stable. Pre- and postoperative antibiotics 
were provided to all patients. In both open and laparoscopic procedures, a urinary catheter 
and nasogastric tube were placed. In the case of laparoscopic reintervention, patients were 
placed on a vacuum mattress and leg support for the lithotomy position. The standard 
supine position was used in open procedures. For laparoscopic procedures, access to the 
abdominal cavity was achieved by open introduction of trocars using the previous incision 
sites. A range of 14–20 mmHg pressure to achieve pneumoperitoneum was accepted in 
laparoscopic reinterventions. Contraindications for laparoscopic reintervention were a 
massive distended abdomen due to severe ileus and severe hemodynamic instability. 
 Laparoscopic procedures were converted to laparotomy in the case of a severely distended 
bowel or severe adhesions that prevented safe manipulation and sufficient overview.
 In the case of anastomotic failure, the anastomosis was resected, and an end colostomy 
or ileostomy was created. When no or only a minor leak was seen, in the absence of fecal 
contamination, the decision between resection or diversion of the anastomosiswith a loop 
ileostomy or drainage alonewas made at the discretion of the surgeon. In all patients, a 
peritoneal lavage was performed extensively with at least 3 L of warm saline. Large-bore 
silicone drains were placed when indicated.

Statistical analysis 
Continuous data were presented as median and interquartile range or mean ± standard 
deviation values. Dichotomous and categorical data are presented as numbers with 
percentages. As the data were not normally distributed, continuous data were assessed 
using the Mann–Whitney U test. Pearson’s chi-squared or Fisher’s exact test was used for 
categorical and dichotomous data. A two-sided P value of less than 0.050 was considered 
statistically significant. Analyses were performed using Statistical Package for the Social 
Sciences version 17.0 software (SPSS, Chicago, IL).
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Table 1. Patient Characteristics

Lap-Open
(n = 18)

Lap-Lap
(n = 38)

P-value

Age, years 65 (57 - 76) 65 (58 - 74) 0.712
Male : female ratio 10 : 8 23 : 15 0.724
BMI (kg/m2) 26 (22.5 - 27.5) 26 (23 - 27) 0.923
ASA classification, n (%) 0.318
    ASA I 9 (50) 12 (32)
    ASA II 8 (44) 20 (53)
    ASA III 1 (6) 6 (15)
Previous laparotomy 1 (6) 3 (9) 1.000
Comorbidity, n (%) 3 (17) 18 (47) 0.039
    Diabetes  1 (6) 4 (13) 0.642
    Pulmonary disease 1 (6) 9 (24) 0.143
    NYHA ≥ 2 3 (17) 9 (24) 0.732
Malignancy 15 (83) 26 (68) 0.338
Type of operation 0.349
    Right segmental 3 (17) 12 (32)
    Left segmental 10 (56) 19 (50)
    Rectal resection 4 (22) 7 (18)
    Subtotal colectomy 1 (6) 0
Type of anastomosis 0.858
    Ileocolic 7 (39) 15 (39)
    Colonic or colorectal 10 (56) 22 (58)
Stoma 0.852
    End colostomy 1 (6) 1 (3)
    Loop ileostomy 3 (17) 6 (16)
Surgical interval, days 6 (4 - 10) 5 (3 - 9) 0.443
    Whitin 7 days 12 (67) 23 (61) 0.658
Radiological exams done 13 (72) 31 (82) 0.646
    Exam shows leakage 11 (85) 28 (90) 0.339
Inflammatory markers
    C-reactive protein 242 (140 - 360) 206 (130 - 340) 0.584
    WBC count (x109/L) 10 (7 - 13) 10 (7 - 13) 0.936

Data are median (interquartile range) or number (%). P-value calculated by Fisher’s exact test or Chi-squared 
test if appropriate for dichotomous data. Continues variables are tested using Mann–Whitney U nonparametric 
test. ASA, American Society of Anesthesiologists; BMI, body mass index; Lap, laparoscopic; NYHA, New York 
Heart Association; WBC, white blood cell.
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RESULTS

Patient characteristics
During the study period, in total, 56 patients with a surgical reintervention and fitting the 
inclusion criteria were identified, of whom 38 had laparoscopic re-intervention and 18 
had open reintervention. During this period, the number of elective colorectal resections 
performed laparoscopically increased from 46% in the first year to over 90% in the last year. 
The overall anastomotic leakage rate during the study period was 5%. Characteristics of the 
two patient groups were compared in terms of age, gender, body mass index, American 
Society of Anesthesiologists classification, comorbidity, surgical indication, and type of 
resection (table 1). The patients included had a median age of 65 years, and 59% were male. 
The median body mass index was 26 kg/m2, and in both  groups 4 patients had had a previous 
laparotomy. Six patients in the laparoscopic group were classified as American Society of 
Anesthesiologists III versus 1 in the open group (P = 0.318). The overall comorbidity rate 
was lower in the open group with 17% versus 47% in the laparoscopic group (P = 0.039). 
In the open group 83% of the patients had had surgery for malignant colorectal disease 
versus 68% in the laparoscopic group (P = 0.338). The surgical procedures performed were 
15 right segmental colectomies, 29 left segmental colectomies, 11 rectal resections, and 1 
subtotal colectomy. Of the 95% of patients with a primary anastomosis, 17% had a deviating 
ileostomy for protection of the anastomosis. The interval until reintervention was a median 
of 5–6 days for both groups (P = 0.443), with 63% of the reinterventions being performed 
within the first postoperative week. In 79% of the patients a radiological exam was done 
because of the suspicion of an anastomotic leak. In most patients a computed tomography 
scan of the abdomen was done; some others had a conventional abdominal x-ray with a 
contrast enema or a plain chest x-ray showing a pneumoperitoneum. Of these examinations, 
89% showed signs of an anastomotic leak or perforation. Prior to reintervention, the median 
level of C-reactive protein was 206 mg/dL in the laparoscopic group versus 242 mg/dL in 
the open group (P = 0.584). The white blood cell count was 10,000/mm3 in both groups  
(P = 0.936). 
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Characteristics of reinterventions 
During reintervention, the severity of peritoneal contamination was recorded in 47 of 56 
patients (84%). Anastomotic dehiscence was seen in 71% of the patients in the open group 
versus 63% of the laparoscopic group (P = 0.629). Fecal contamination was more frequently 
present in the open group compared with the laparoscopic group (53% and 24% of patients, 
respectively; P = 0.039, table 2). 
 In all cases of fecal contamination, the anastomosis was resected, and an end ileostomy 
or colostomy was created. In 14 laparoscopic patients, a loop ileostomy was created versus 
none in the open group (P = 0.001). Abdominal fluid cultures were taken in 71% of all 
patients and tested positive for abdominal contamination in all open patients and 88% of 
the patients in the laparoscopic group. Surgical time for the reintervention procedure was 
shorter in the laparoscopic group with a median of 76 minutes for the open group versus 
a median of 58 minutes for the laparoscopic group (P = 0.043). Five patients (13%) in the 
laparoscopic group required conversion during inspection because of adhesions and poor 
visualization. 

Table 2. Reintervention characteristics

Lap-Open
(n = 18)

Lap-Lap
(n = 38)

P-value

Perioperative findings 0.629
    Anastomotic dehiscence 12 (71) 19 (63)
    Small bowel perforation 2 (12) 2 (7)
    No leakage seen 3 (18) 9 (30)
Peritoneal contamination 0.039
    Clear fluid 1 (6) 6 (18)
    Purulent 6 (35) 12 (35)
    Faecal 9 (53) 8 (24)
    Abcess 1 (6) 0
Main intervention 0.001
    End colostomy/ileostomy 12 (67) 15 (40)
    Loop ileostomy 0 14 (37)
    Closure of perforation 4 (22) 0
    Peritoneal lavage 2 (11) 9 (24)
Positive abdominal fluid culture 14 / 14 23 / 26 0.342
Surgical time, minutes 76 (56 - 99) 58 (45 - 75) 0.043

Data are median (interquartile range) or number (%). P-values calculated by Chi-squared test for dichotomous 
data. Continues variables are tested using Mann–Whitney U nonparametric test. Lap, laparoscopic.
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Table 3. Results

Lap-Open
(n = 18)

Lap-Lap
(n = 38)

P-value

Hospital stay, days 24 (12 - 35) 13 (9 - 23) 0.118
    Total hospital stay 31 (19 - 44) 20 (14 - 28) 0.044
ICU admission 13 (72) 22 (58) 0.268
    Total ICU days 3 (2 - 11) 4 (2 - 5) 0.830
Severity of organ failure 0.861
    ICU surveillance only 6 (46) 9 (41)
    Single-organ failure 3 (23) 4 (18)
    Multi-organ failure 4 (31) 9 (41)
Additional reinterventions
    Surgical 7 (39) 6 (16) 0.056
    Radiological 4 (22) 4 (11) 0.416
Fascial dehiscence 4 (22) 1 (3) 0.033
In-hospital mortality 4 (22) 2 (5) 0.714
Stoma closure rate 4 / 10 (40) 14 / 27 (52) 0.077
Data are median (interquartile range) or number (%). P-value calculated by Fisher’s exact test or Chi-squared 
test if appropriate for dichotomous data. Continues variables are tested using Mann–Whitney U nonparametric 
test. ICU, intensive care unit; Lap, laparoscopic.

Clinical outcomes
The total length of hospital stay was shorter for the laparoscopic group at 20 days versus 31 
days for the open group (P = 0.044) (table 3). In the laparoscopic group, 58% of the patients 
were admitted to the ICU compared with 72% in the open group. Those who were admitted 
stayed a median of 3–4 days in the ICU (P = 0.830). In both groups, about half of the patients 
were admitted for postoperative surveillance without any organ failure. Four patients in 
the open group and 9 patients in the laparoscopic group developed multi-organ failure  
(P = 0.861). The in-hospital mortality was 22% in the open group and 5% in the laparoscopic 
group (P = 0.077).
 In total, 13 patients underwent one or more additional surgical reinterventions, 39% of 
the patients in the open and 16% of the patients in the laparoscopic group (P = 0.056). Of 
the 7 patients in the laparotomy group with additional reinterventions, 4 developed a fascial 
dehiscence versus 1 in the laparoscopic group after conversion (P = 0.033). Four patients 
in both groups required an additional radiological reintervention such as abscess drainage  
(P = 0.416). The loop ileostomy could be closed in 40% of the patients in the open group 
versus 52% in the laparoscopic group (P = 0.714).
 Patients required more additional reinterventions in the open group compared with the 
laparoscopic group. Seven (3 patients had one additional reinvention, and 4 others had 
two additional reinterventions) in the open group compared with 6 (5 patients had one 
additional reintervention, and 1 patient had two reinterventions) in the laparoscopic group. 
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DISCUSSION

Laparoscopic colorectal surgery is widely practiced, although its use is more common in 
the elective setting rather than in the emergency setting. Because of improvements in 
both laparoscopic skills as well as technology, laparoscopy could be a logical next step for 
the treatment of patients presenting with acute colorectal conditions. Furthermore, the 
minimally invasive nature of the laparoscopic technique and the accompanying increased 
conservation of abdominal wall integrity can be beneficial in postoperative recovery and 
prevent short- and long-term complications such as fascial dehiscence and incisional hernias.
 On the other hand, some consider laparoscopy to be contraindicated in the case of 
peritonitis because of impaired overview, risk of increased bacteraemia, and hypercapnia 
due to pneumoperitoneum. However, these assumptions have never been proven or 
disproven because of lack of comparative data.15,16

 Most experience with laparoscopic intervention in peritonitis is available for perforated 
diverticulitis. A systematic review by Toorenvliet et al.17 showed laparoscopic peritoneal 
lavage to be successful in over 95% of the patients with Hinchey’s III purulent peritonitis. 
A delayed elective resection was feasible, and even those without a resection had a low 
percentage of recurrence.
 For anastomotic leaks, Soeters et al.10 suggested conservative management of small 
anastomotic abscesses with only mild clinical symptoms to be a safe treatment. Small leaks 
with larger abscesses should be treated with transrectal or radiological drainage, and larger 
leaks needed surgical treatment with resection of the anastomosis. Only in the case of 
failure of less than 50% of the circumference and the absence of generalized peritonitis was 
the anastomosis expected to heal spontaneously if a diverting enterostomy was present and 
abscesses were adequately drained.10 These recommendations are not entirely supported 
by the data presented by Pera et al.9 and Fraccalvieri et al.11 Pera et al.9 described successful 
salvage surgery with lavage and a diverting ileostomy in 6 out of 7 patients, including four 
laparoscopic procedures. Fraccalvieri et al.11 described 39 patients with a salvage procedure 
and 54 with resection of the anastomosis, with less mortality (15% versus 37%) and better 
chances for reversal in the salvage group (91% versus 38%). Whether surgery was performed 
by laparoscopy or laparotomy was not described.
 For the choice between laparoscopic and open surgical reintervention, Wind et al.14 

did provide some evidence that laparoscopic reintervention may be beneficial for patients 
with anastomotic leakage following laparoscopic colorectal surgery. It was shown that the 
morbidity rate, hospital stay, ICU admission, and incisional hernia rate were reduced in the 
laparoscopic reintervention group. However, in this study, not all results were consistent, 
and the study population was small  and consisted of young patients with inflammatory 
bowel disease as the predominant indication for surgery.14 

 Rosin et al.13 further substantiated this concept. In their study, complications after 
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laparotomy were treated laparoscopically. In 14 cases, 1 patient died, and 1 required a 
conversion to laparotomy. These data suggest that laparoscopic reintervention is a feasible 
option even after laparotomy, although data are not compared with open reintervention.13

 This study was able to show that laparoscopic reintervention results in a shorter hospital 
stay and less fascial dehiscence compared with open reintervention in selected patients. In 
addition, there is a trend seen for fewer ICU admissions, fewer additional reinterventions, 
and less mortality in the laparoscopic group compared with the open group.
 There was a shorter surgical time for the laparoscopic group compared with the open 
group. This is not only a financial benefit, but a shorter procedure is expected to be beneficial 
for the recovery of these severely ill patients. But despite these promising results, we should 
review these results carefully because of some differences in the perioperative findings and 
treatment. The lack of standardization of choice of procedure, moment of reintervention, 
and peroperative findings are important limitations of this study. A more complete clinical 
score in combination with a peritonitis severity score such as the APACHE score or the 
Mannheim Peritonitis Index could be able to give a more objective description of severity of 
leakage. In this retrospective design, unfortunately, there were not sufficient data available 
to reliably determine these scores for a sufficient number of patients.
 In most aspects, no differences were seen in the baseline for both groups. The patients 
in the laparoscopic group had a higher overall comorbidity rate, and a trend was seen for 
a higher American Society of Anesthesiologists rate in the laparoscopic group and more 
malignant disease in the open group. The higher comorbidity rate in the laparoscopic group 
would be expected to extend the hospital stay and the ICU stay and admission instead of the 
reduction seen.
 In twice as many patients in the open group, fecal contamination was seen during 
reintervention. A higher rate of fecal contamination does not necessarily predict a worse 
outcome compared with generalized purulent peritonitis. Because of the lack of an objective 
scoring system, fecal contamination is scored both if a closed pocket is opened during the 
procedure and in the case of generalized fecal peritonitis. Despite a careful review of surgical 
reports, we could not determine this difference. However, regarding infectious parameters 
such as C-reactive protein and white blood cell count, no high numbers of patients with 
generalized fecal peritonitis in the open group are to be expected. Depending on the extent 
of bowel and anastomotic manipulation during the procedure, a covered leak can stay closed 
or be revealed without any difference in the prior condition of the patient. Consequently, 
more leaks will be found, which will result in resection of the anastomosis, whereas if it stays 
covered, a loop ileostomy could be judged as sufficient. To complete this hypothesis, we 
expect the manipulation to be more extensive in the open group because the laparoscopic 
surgeon would be more careful to avoid unintentional bowel injury by manipulation with 
his instruments compared with manual manipulation during open surgery. This hypothesis 
could explain the differences in perioperative findings and procedures performed between 
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the two groups, without compromising the results.
 Even while less extensive salvage surgery is done in the laparoscopic group with a loop 
ileostomy or lavage only, and an impaired overview with missed diagnoses is feared, we did 
not see a higher number of additional reinterventions. In contrast, twice as many additional 
reinterventions were performed in the open group compared with the laparoscopic group. 
 Although acknowledging the previous differences and uncertainties, it is difficult to 
interpret the value of the observed outcomes. The shorter hospital stay and lower mortality 
will be both an effect of a beneficial minimally invasive technique but to an unknown extent 
influenced by a selection bias. The observed mortality in both groups is similar to the 
reported 11% mortality in the Dutch national registry.1

 These data suggest that laparoscopic reintervention could be a safe and feasible technique 
in the case of suspected anastomotic leakage, bowel perforation, or abscesses following 
colorectal surgery in selected patients. These promising results should be investigated in a 
larger prospective multicentre study with better scoring systems for patient condition and 
perioperative findings. 
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ABSTRACT

Background
The surgical procedure of choice for the resection of colorectal cancer has shifted in favor 
of laparoscopic surgery. Although increasing data prove advantages of elective laparoscopic 
surgery, less is known about the results in acute indications such as surgical reinterventions 
following colorectal resections. This study aims to assess the clinical benefits in recovery 
following laparoscopic reinterventions compared with open reinterventions following 
laparoscopic colorectal cancer surgery.

Methods
We performed an analysis of data from the Dutch Surgical Colorectal Audit from January 2010 
to December 2012. All patients requiring surgical reintervention after initial laparoscopic 
colorectal surgery were analyzed.

Results
Out of 27,448 patients, 11,856 underwent laparoscopic surgery. Following laparoscopic 
surgery, 159 patients (1.3%) had a laparoscopic reintervention, and 659 patients (5.6%) had 
an open reintervention. In a multivariable analysis adjusting for patients’ demographics and 
risk factors, the length of hospital stay was 17 days (interquartile range, 11–16 days) for the 
laparoscopic group and 23 days (interquartile range, 14–37 days) for the open group (odds 
ratio [OR] = 0.74; 95% confidence interval [CI], 0.65–0.84). In the laparoscopic group the 
intensive care unit admission rate was 39% compared with 66% in the open group. The 30-
day mortality rate was 7 (4%) in the laparoscopic group compared with 89 (14%) in the open 
group (OR = 0.31; 95% CI, 0.13–0.73).

Conclusion
Laparoscopic reintervention following laparoscopic surgery for colorectal cancer is feasible 
in selected patients. Because of the unknown extent of selection bias, prospective studies 
are needed to define the exact position and benefits of laparoscopic reinterventions.
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INTRODUCTION

Laparoscopic surgery for colorectal cancer has gained popularity since the first laparoscopic 
colectomy was described in the early 1990s.1 Nowadays, it has become the preferred 
treatment for both benign and malignant colorectal surgery.2–4 The rate of laparoscopic 
surgery for colorectal cancer in The Netherlands increased in the last couple of years from 
38% in 2010 to 50% in 2012.5–7

 Despite these increasing rates, laparoscopic surgery for reinterventions following 
colorectal resections is still under debate. In the acute setting with distended bowel and 
peritonitis, the theoretical risk of enhanced bacteremia due to the pneumoperitoneum 
and the fear of incomplete exploration and mechanical damage could be the reasons 
for the current surgical practice where most complications are treated by conventional 
laparotomy.8,9

 Elective laparoscopy has shown several benefits compared with open surgery with 
regard to gastrointestinal recovery, hospital stay, abdominal wall complications, number 
of reinterventions, and cosmetic results.10,11 Acute laparoscopic reinterventions could 
have the same advantages due to less extensive surgical trauma. This is expected to result 
in shorter hospital stay, fewer additional reinterventions, and conserved abdominal wall 
integrity with a reduced risk of incisional hernias.12,13 The benefits of acute laparoscopic 
surgery are already well established for acute appendicitis, cholecystitis, and perforated 
diverticulitis.14,15

 We aimed determine whether laparoscopic reintervention following laparoscopic surgery 
resulted in faster recovery compared with open reintervention. Therefore we evaluated the 
laparoscopic colorectal cancer resections from the Dutch populationbased surgical registry 
(Dutch Surgical Colorectal Audit [DSCA]).5–7
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METHODS

Patients
For this observational cohort study we used prospective collected data from the DSCA. 
All patients who were registered in this audit between January 2010 and December 2012 
and who underwent surgical resection for colorectal cancer were included. The protocol 
for the data collection of the DSCA has been published previously.16 In summary, data 
were collected anonymously in a secured online database by a Web-based form. All 92 
participating hospitals (100% participation) assigned a responsible surgeon for the data 
entry. Data quality was assured by weekly online feedback information on number of 
registered patients’ files and overall completeness of patients’ files. Hospitals periodically 
received data quality reports with feedback on all patients with inconsistent or unusual data 
combinations. The responsible surgeon was asked to verify the data of these patients and 
to correct the data when indicated. In addition, benchmarked performance indicators were 
available for all hospitals concerned.
 For this study, we identified all patients who underwent laparoscopic surgery for 
colorectal cancer from the database. Patients in whom laparoscopy was converted to 
open surgery during the primary resection were excluded, as were those undergoing an 
endoscopic resection such as transanal endoscopic microsurgery or endoscopic mucosal 
resection. As all data in the DSCA database are collected anonymously for auditing, this 
study did not require additional consent from an ethical committee in The Netherlands.

Baseline variables and outcome
The following variables were available and evaluated: age, gender, body mass index, overall 
comorbidity, cardiac disease, pulmonary disease, diabetes, previous abdominal surgery, 
American Society of Anesthesiologists (ASA) score, surgical technique, urgency for surgery 
(‘‘acute’’ [i.e., within 2 hours from diagnosis], ‘‘urgent’’ [i.e., within 24 hours from diagnosis], 
or ‘‘elective’’), type of resection, anastomosis constructed during primary surgery, and, 
in the case of a primary anastomosis, the presence of a deviating stoma. The types of 
resections were categorized as a right-sided segmental colectomy (ileocecal resection or 
right-sided hemicolectomy), left-sided segmental colectomy (transverse resection, left-sided 
hemicolectomy), rectosigmoid resection (sigmoid resection, anterior resection, low anterior 
resection), abdominoperineal resection, or other/unspecified.
 A reintervention was defined as a reoperation (open surgery or laparoscopic surgery). The 
timing of the reintervention after primary surgery, type, and technique of reintervention were 
available in the dataset. No data were available on the number of additional reinterventions 
as only the most severe reintervention was asked for to be recorded in the database. For 
morbidity, only the most severe event was scored, and as this was the reintervention for this 
group, no additional information was available. The assessed outcomes were combined 30-
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day mortality and in-hospital mortality, total length of hospital stay, intensive care unit (ICU) 
admission rate, and length of ICU stay.

Statistical analysis
Descriptive statistics are presented as mean – standard deviation values, as medians 
(interquartile range), or as numbers (percentages). Patients’ demographics and characteristics 
of the intervention and reintervention were compared between the open and laparoscopic 
groups using the chi-squared test for categorical variables and the independentsamples  
t test for continuous variables. For the two-sided P-value, the level of significance was set 
at < 0.05. 
 The main outcomes are combined 30-day and in-hospital mortality and total length of 
hospital stay (in days). Additional outcomes are rate of ICU admission and length of ICU stay 
(in days). Univariate analysis was performed to identify factors associated with the two main 
outcomes. Age, overall comorbidity, ASA classification, type of resection, anastomosis with 
or without deviating stoma, and indication for reintervention were independent predictors 
for mortality and length of hospital stay in a univariate analysis. 
 Separate multivariable logistic regression models and multivariable linear regression 
modelswere built formortality, ICU admission rate, and length of hospital stay to retrieve odds 
ratios (ORs) and 95% confidence intervals (CIs). Length of hospital stay was log-transformed 
to meet the assumption of a normal distribution. Length of ICU stay could not be analyzed 
in a linear model because it was not normally distributed even after log transformation. 
Models were built to adjust for possible confounders in the association between operating 
technique and the clinical outcome. Two levels of adjustment were used. Model 1 is built 
with only basic adjustment for the most clinically relevant preoperative risk factors for 
mortality and that could affect the choice for open or laparoscopic surgery. These included 
the patients’ demographics age, gender, ASA classification, overall comorbidity, and previous 
abdominal surgery. In Model 2, a more extensive adjustment was performed, and the type 
of primary procedure, the presence of an anastomosis with or without deviating stoma, and 
the indication for reintervention were added to the previous model.
 Statistical analyses were performed using Statistical Package for the Social Sciences for 
Windows version 21.0 software (2012; IBM Corp., Armonk, NY).
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Figure 1. Flowchart of patient selection from the Dutch Surgical Colorectal Audit (DSCA) database, 
2010–2012.

RESULTS

Patients and enrollment
From January 2010 until December 2012, 27,448 patients were registered in the DSCA 
database. Of these patients, 11,856 patients had laparoscopic surgery, and 15,320 patients 
had open surgery. Overall, in total, 3628 reinterventions were recorded in the database, 
including 2701 surgical reinterventions (9.8%). Other reinterventions were radiological 
reinterventions (343 patients) or unspecified. Thus 818 patients (6.9%) who underwent 
a laparoscopic or open surgical reintervention after laparoscopic colorectal surgery for a 
colorectal malignancy between 2010 and 2012 were included in the analyses. Of these 818 
patients, 159 patients underwent a laparoscopic reintervention, and 659 underwent an 
open reintervention as shown in the flowchart in figure 1.



 LAPAROSCOPIC MANAGEMENT OF ANASTOMOTIC LEAKAGE IN THE DSCA | 157 

Table 1. Patient demographics and primary surgical parameters

Open (n = 659) Laparoscopic (n = 159) P-value
Age, years 68.7 (11.3) 67.0 (10.5) 0.071
Male : female ratio 440 : 219 (67 : 33) 107 : 52 (67 : 33) 0.899
BMI, kg/m2 26.3 (4.5) 26.6. (4.1) 0.438
Comorbidity 502 (76.2) 113 (71.1) 0.181
    Cardiac 213 (32.3) 38 (23.9) 0.039
    Pulmonary 106 (16.1) 24 (15.1) 0.759
    Diabetes 101 (15.3) 23 (14.5) 0.786

Previous abdominal surgery 190 (28.9) 45 (28.5) 0.913
ASA classification 0.048
    ASA I 133 (20.2) 38 (23.9)
    ASA II 365 (55.5) 94 (59.1)
    ASA III 156 (23.7) 24 (15.1)
    ASA IV 4 (0.6) 3 (1.9)

Urgency of surgery 0.122
    Elective 635 (95.4) 156 (98.1)
    Urgent or acute 30 (4.6) 3 (1.9)
Type of resection 0.018
    Right-sided colectomy 189 (28.7) 32 (20.1)
    Left-sided colectomy 58 (8.8) 8 (5.0)
    Rectosigmoid resection 336 (51.0) 106 (66.7)
    Abdominoperineal resection 48 (7.3) 10 (6.3)
    Other/Unknown 28 (4.3) 3 (1.8)

Anastomosis 0.023
    None 86 (13.1) 20 (12.6)
    With defunctioning stoma 88 (15.4) 35 (25.2)
    Without defunctioning stoma 483 (84.6) 104 (74.8)

Data are mean (standard deviation) or n (%). ASA, American Society of Anesthesiologists. BMI, Body mass index

Patient demographics
The demographics of the included patients are shown in table 1. The mean age was 69 
years in the open group compared with 67 years in the laparoscopic group. No difference 
in gender, body mass index, previous abdominal surgery, and overall comorbidity was seen. 
Fewer patients in the laparoscopic group had cardiac comorbidity (P = 0.039). The ASA 
classification was higher for the open reintervention group (24.3% ASA III–IV in the open 
group compared with 17.0% in the laparoscopic group; P = 0.048). Over 95% of all patients 
had an initial elective procedure (P = 0.122). Compared with the laparoscopic group, more 
patients in the open group had a right-sided colectomy (28.7% versus 20.1%), and fewer 
patients had a rectogismoid resection (51.0% versus 66.7%; P = 0.018). An anastomosis was 
constructed in 87% of the patients in both groups, but in the open group fewer patients had 
a deviating stoma compared with the laparoscopic group (P = 0.023).
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Table 3. Clinical outcomes

Open (n = 659) Laparoscopic (n = 159) P-value
30-day or in-hospital mortality 89 (13.6) 7 (4.4) 0.001
Lenght of hospital stay, days 23 (14 - 37) 17 (11 - 26) < 0.001
ICU admission rate 289 (66.4) 45 (39.1) < 0.001
    ICU lenght of stay 5 (2 - 13) 2 (2 - 6) < 0.001
Data are median (interquartile range) values or n (%). ICU: intensive care unit

Indication for reintervention
The most common indication for surgical reintervention in both groups was anastomotic 
leakage or anastomotic abscess, as shown in table 2. These accounted for 56% of the 
indications in the open group and 43% in the laparoscopic group. Anastomotic leakage 
was more frequently the indication for reintervention in the open group (P = 0.005). In 
the laparoscopic group, small bowel obstruction or an abdominal abscess other than an 
anastomotic abscess was the main indication in 23% of the patients, versus 15% in the open 
group. The mean interval between primary surgery and reintervention was 8 days in both 
groups.

Table 2. Interval and Indications for Reintervention

Open (n = 659) Laparoscopic (n = 159) P-value
Interval to reintervention, days 8.1 (11.9) 7.9 (8.0) 0.885
Indication for reintervention 0.073
    Anastomotic leak or abscess 368 (55.8) 69 (43.4) 0.005
    Small bowel obstruction 68 (10.3) 20 (12.8)
    Abdominal abscess 35 (5.3) 16 (10.3)
    Bleeding 30 (4.6) 8 (5.1)
    Bowel perforation 27 (4.1) 5 (3.2)
    Urogenital damage 8 (1.2) 3 (1.9)
    Unspecified / other 123 (18.7) 38 (23.9)

Data are mean – standard deviation values or n (%).

Clinical outcomes
Clinical outcomes are shown in table 3. The recorded 30-day and in-hospital mortality was 
lower in the laparoscopic group with 7 deaths (4.4%) compared with 89 deaths (13.6%) in the 
open group (P = 0.001). The median length of hospital stay was shorter for the laparoscopic 
compared with the open group (17 days versus 23 days; P < 0.001). ICU admission and 
stay were higher in the open reintervention group, with 66% admittance and a stay of 5 
days versus 39% admittance and a stay of 2 days in the laparoscopic group (P < 0.001). In 
multivariable regression analysis the mortality rate (OR = 0.31; 95% CI, 0.13–0.73) remained 
lower in the laparoscopic group, as did the length of hospital stay (OR = 0.74; 95% CI, 0.65–
0.84) and the ICU admission rate (OR = 0.34; 95% CI, 0.21–0.54), as shown in table 4.
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DISCUSSION

Laparoscopic reintervention following laparoscopic colorectal resection resulted in less 
mortality and faster recovery compared with open reintervention in the DSCA database. 
The differences found are clinically relevant, with a 10% lower in-hospital mortality, a 
shorter hospital stay by 6 days, and 26% fewer ICU admissions. After correction for the 
known baseline differences in a regression analysis, these differences remained statistically 
significant.
 Six reports have been published on the topic of laparoscopic reinterventions 
following colorectal surgery, and they reported on a total of 98 patients (range, 4–38 
patients).12,13,17–20 Half of these studies published a case series and stated laparoscopic 
reintervention after laparoscopic or open abdominal surgery to be safe and feasible.17–19 

The other three compared open reintervention with laparoscopic reintervention after 
colorectal surgery.12,13,20 All reported a high success rate, faster recovery, and fewer 
deaths in the laparoscopic group. When we compare our results with these studies, we 
have to note that Wind et al.13 compared their laparoscopic reinterventions with patients 
with open reintervention after open surgery instead of after laparoscopic surgery. Patient 
characteristics, indication for reintervention, and also outcomes are quite similar between 
these studies with regard to length of hospital stay and mortality rates. 
 This study is the largest study on laparoscopic reintervention up until now and describes 
more patients than the others in total. The prospective and nationwide nature of the DSCA 
warrants a complete and valid dataset. However, the DSCA is a short-term oncological 
audit, and therefore not all reintervention details and related outcomes are available in 
the dataset. Variables of interest such as patients’ condition prior to reintervention, the 
presence of organ failure, additional reinterventions, and morbidity after reintervention 
were not recorded.
 Without a scoring system such as an APACHE score or an intraoperative peritonitis 
score, it is impossible to determine whether these patients were in a similar condition prior 

Table 4. Effect of laparoscopy on mortality, length of stay, intensive care admission

Laparoscopic reintervention

Outcomes ORunadj (95% CI) ORadj-1 (95% CI) ORadj-2 (95% CI)
30-day or in-hospital mortality 0.30 (0.13 - 0.65) 0.33 (0.14 - 0.77) 0.31 (0.13 - 0.73)
Length of hospital stay 0.72 (0.63 - 0.82) 0.72 (0.64 - 0.83) 0.74 (0.65 - 0.84)
ICU admission rate 0.33 (0.21 - 0.50) 0.31 (0.20 - 0.49) 0.34 (0.21 - 0.54)

CI, confidence interval; ORadj-1, odds ratio for Model 1, adjusted for age, gender, American Society of 
Anesthesiologists classification, previous abdominal surgery, and comorbidity; ORadj-2, odds ratio for Model 
2, adjusted for age, gender, American Society of Anesthesiologists classification, previous abdominal surgery, 
comorbidity, urgency, type of procedure, anastomosis and stoma, and indication for re-intervention; ORunadj, 
unadjusted odds ratio.
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to reintervention. At the same time, as the exact indication and findings are unknown, 
reintervention could equally mean resection of the anastomosis as a negative diagnostics 
procedure. It is likely that hemodynamic unstable patients had open surgery and patients 
with severe leakage during diagnostic laparoscopy had conversion to open surgery and were 
recorded as open surgery, whereas negative diagnostic laparoscopies would be recorded as 
a laparoscopic reintervention. These examples are likely to result in worse outcomes for the 
open group.
 In addition, the small number of laparoscopic reinterventions compared with the open 
reinterventions is likely to be the result of an extensive selection bias. However, during this 
3-year period, there were increasing numbers of laparoscopic reinterventions following 
laparoscopic colorectal surgery, with 15% of all recorded surgical reinterventions in 2010 to 
19% in 2011 and 21% in 2012.
 Finally, without any data on conversions and intraoperative morbidity, we cannot 
conclude on the safety of laparoscopic reintervention. In particular, the fear for incomplete 
inspection and a high risk of mechanical damage cannot be contradicted by the lack of 
these data. However, previous studies have not shown this to be more than a theoretical 
concern.12,13

 This 3-year population-based database of all laparoscopic colorectal cancer resections 
in The Netherlands shows a lower mortality and faster recovery for selected patients 
following laparoscopic reintervention comparedwith open reintervention. These results 
show laparoscopic reintervention to be a feasible approach for selected patients. However, 
these results should be handled with caution because of the unknown and potentially 
large extent of selection bias. These results should initiate prospective studies to define 
the exact position and benefits of laparoscopic reintervention for complications following 
laparoscopic colorectal surgery.
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GENERAL DISCUSSION AND FUTURE PERSPECTIVES

Grading the severity of peritonitis – mind the gap
Treatment options for peritonitis largely depend on the severity and cause of the peritonitis. 
Back in the days, the clinical diagnosis of an “acute abdomen” did not require grading as the 
treatment would be explorative laparotomy regardless of severity and cause. Nowadays, we 
can choose between a variety of medical, radiological and surgical treatment options and 
must rely on clinical parameters and radiological examination to determine the best option 
for intervention. This means that the classic Hinchey classification1 is no longer suitable as 
it is an intra-operative grading system for perforated diverticulitis. Several others tried to 
translate these operative findings into a radiological grading system but failed to clearly link 
the grade to an therapeutic plan.2-6 Not all abscesses require percutaneous drainage and 
not all patients with intra-peritoneal air or fluid require surgical therapy, but none of these 
classifications provide sufficient guidance. Two even acknowledge that they cannot provide 
sufficient accuracy to distinguish faecal from purulent peritonitis.2,4 
 A new clinical and radiological grading system is needed to determine the need for surgery. 
When surgery is required, the need for lavage or resectional surgery can be determined 
during diagnostic laparoscopy, supported by the radiological imaging. A proposal for such 
classification system is shown in figure 1, grade 1 as uncomplicated diverticulitis, grade 2 
complicated with abscess (2A < 5cm, 2B > 5cm), grade 3 perforation with local air or fluid 
(covered perforation) and grade 4 with distant air or fluid (4A air without distant fluid or 
contrast leakage, 4B with distant fluid or contrast leakage). However, such a revised Hinchey 
classification does require clinical validation before it can be implemented and suggested 
definitions might need to be adjusted. Those patients classified as grade 4 require further 
differentiation using diagnostic laparoscopy before definitive surgical therapy. 
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Figure 1. Revised Hinchey classification
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 For anastomotic leakage following colorectal surgery, no such detailed classification 
exist either. At best, it is classified according to applied therapy. The International study 
group of rectal cancer graded leakage as A: leakage without change in postoperative 
management, B: leakage requiring medical or radiological intervention, and C: leakage 
requiring re-laparotomy.7 This is useful for quality registry and study outcomes, but does not 
help to choose the appropriate treatment. Similar to the suggested grading for perforated 
diverticulitis in figure 1, grading for the severity of colorectal anastomotic leakage should be 
applied. This is of importance as not all leakages require surgical management and not all 
that do, will require end-colostomy.8,9 The main difficulty diagnosing anastomotic leakage 
on CT is the presence of free air and fluid following laparoscopic colorectal surgery. Some 
remaining air and fluid following the initial laparotomy or laparoscopy should be considered 
normal in the early postoperative period, but the normal quantity is unknown.10 A suggestion 
for grading the severity of colorectal anastomotic leakage is shown in figure 2. 
 In both suspected colorectal anastomotic leakage and perforated diverticulitis, rectal 
contrast enhanced CT scan can be helpful to show leakage of bowel content and can therefore 
distinguish intraluminal from extra luminal air.11,12 Water soluble contrast should be used as 
barium contrast is toxic for the peritoneum. However the use of rectal contrast for acute 
abdominal CT scans is not routine practise and barely discussed in current guidelines.13,14 

Figure 2. Radiological grading of the severity of anastomotic leakage
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 When surgery is indicated for perforated diverticulitis, diagnostic laparoscopy can be used 
to further examine the severity of peritonitis and determine the need of sigmoidectomy and 
colostomy. Following the introduction of laparoscopic lavage, the surgeon can determine 
whether the peritonitis is caused by bacterial translocation, a properly covered perforation, 
or an overt perforation with (potential) faecal contamination. The latter is likely to be the 
case when extra-luminal contrast has been observed on CT-scan. As the phlegmon is often 
located at the pelvic entrance, occluding the view on Douglas pouch, faecal contamination 
of the pelvis can easily be missed. However, complete mobilisation of the phlegmon would 
expose a properly covered perforation and increase the need for sigmoidectomy instead of 
lavage only. Therefore it remains difficult to tell whether it is best to fully expose or not, and 
it might be an option to rely on the CT findings when deciding to expose the pelvic cavity. 
The rate of undiagnosed direct perforations must be estimated at 37%, as this is the rate of 
perforations found in the pathological specimens of both the sigmoidectomy group of the 
LOLA-arm and a previous study.15 
 Like perforated diverticulitis, diagnostic laparoscopy in suspected anastomotic leakage 
can be useful to confirm the diagnosis and determine the required therapy. Depending on 
the severity of anastomotic dehiscence, lavage and deviation with loop ileostomy, repair 
of the anastomosis, redo of the anastomosis or take down with end colostomy should be 
performed.8,9,16  

Conservative management of perforation and leakage
According to the revised Hinchey classification as suggested in figure 1, almost all patients 
except those with large quantities of free air, generalised fluid or contrast leak, can be 
managed without surgical therapy. This is well known for Hinchey I and II, but a newer 
approach for those patients with limited signs of Hinchey III perforated disease.14 Successful 
treatment with laparoscopic lavage might therefore be overtreatment of those graded as 
Hinchey III but eligible for non-surgical management. Dharmarajan and colleagues17 scored 
the extent of free air and fluid on a CT-scan of patients with perforated diverticulitis. Of the 
27 patients with distant free air collections without generalised free fluid, 25 (93%) were 
successfully managed non-operatively. Another study of 39 patients described a success 
rate of 92% for non-surgical management of perforated diverticulitis with free air and 
without rectal contrast extravasation on CT-scan.18 A third study reported a 62% success 
rate in 29 patients with distant intraperitoneal air and a 99% success rate in 82 patients 
with pericolic air only.19 Therefore non-surgical management might be suitable for those 
patients with perforated diverticulitis and the following criteria (1) distant free air without 
free fluid (2) distant free air without rectal contrast extravasation (3) pericolic free air only as 
used in figure 1. As the evidence is limited to three case series, further research is required 
to establish the definitive role of non-surgical management in these patients. 
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 In contrast to the non-surgical management of diverticulitis, the option of non-surgical 
management in colorectal anastomosis highly relies on the presence of a deviating ostomy 
and sufficient drainage of the leak. Non-surgical management however largely requires 
adequate imaging as relaparotomy no longer can be the gold standard for the diagnosis. 
Some studies have shown water soluble enema was superior to CT scanning without 
intraluminal contrast.20 However, combining both might provide the best results as both 
contrast extravasation and the extent of intraperitoneal air and fluid can be assessed and 
evaluated. Combining non enhanced CT with rectal contrast CT directly afterwards helps to 
eliminate discussion about the origin of dense material outside the bowel wall as it might be 
contrast from previous series or operative material.
 When CT shows a leakage in a contained space, as for instance can occur following low 
anterior resections in the presacral space, the leak can be drained instead of surgically 
treated in a non-septic patient. Drainage can either be percutaneously, transvaginally or 
transrectal directly via the anastomosis. Soeters et al.9 considered conservative management 
with antibiotics of small anastomotic abscesses with only mild clinical symptoms to be a 
safe treatment. Small leaks with larger abscesses should be treated with transrectal or 
radiological drainage, and larger leaks needed surgical treatment with resection of the 
anastomosis. Only in the case of failure of less than 50% of the circumference and the 
absence of generalised peritonitis, the anastomosis expected to heal spontaneously if a 
diverting enterostomy was present and abscesses were adequately drained.9  
 To determine the possibility of non-surgical treatment of leakage, the grading in figure 2 
can be used, however the clinical condition should be most important. In case of systemic 
sepsis, surgical treatment should not be proponed.21 

Safety of laparoscopy in peritonitis and other abdominal emergencies
Although questioned by many, there is no evidence that laparoscopy is more harmful 
than laparotomy in case of peritonitis. It is obvious that any new treatment modality is 
established first on the straightforward elective cases first, and that safety is the main focus 
of the first research. 
 Experimental studies have raised concern regarding a the risk of increased bacteraemia 
and hypercapnia due to the pressure of the pneumoperitoneum.22,23 This theory has never 
been proven nor disproven, but the gained experience with laparoscopic treatment in 
abdominal sepsis of various causes, such as appendicitis, cholecystitis, perforated peptic 
ulcer and diverticulitis does not support this hypothesis.21

 Many surgeons still regard general peritonitis and especially faecal peritonitis as a 
contraindication for a laparoscopic approach. This is based on mechanical concerns, with 
the risk of damage to the distended and vulnerable small bowel by the laparoscopic 
instrumentation and lack of sufficient overview. A systematic review reported a 64% 
success rate of laparoscopic treatment in 2005 patients with small bowel obstruction. Only 
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about 10% of the conversions were due to iatrogenic injury.24 Even a small bowel diameter 
greater than four centimetres was not considered to be an absolute contraindication for 
laparoscopy.25 
 Although sufficiency of overview is difficult to measure, multiple studies have shown 
a low conversion rate due to inadequate exposure. Only 8% of the conversions were due 
to inadequate exposure, and less patients required additional surgery after relaparoscopy 
compared to relaparotomy, indicating adequate diagnosis and treatment.16,24 In our cohort 
of patients treated by laparoscopic sigmoidectomy in perforated diverticulitis, only 2 out 
of 44 needed conversion (5%), and a similar rate was observed in completing laparoscopic 
lavage in the Ladies trial.26

 In addition, many fear the establishment of a primary anastomosis in general peritonitis. 
Especially in perforated diverticulitis, up to now no study has shown an anastomotic leakage 
rate higher than a reasonable 5%.27,28 This is a similar rate compared to the leak rate 
following reversal of the alternative of Hartmann’s procedure. The results of the remaining 
DIVA arm of the Ladies trial are expected to support this result.29

 An obvious benefit of laparoscopic surgery is the integrity of the abdominal wall, reducing 
the rate of acute fascial dehiscence in high risk patients with peritonitis. The dehiscence rate 
was lower following laparoscopic treatment of anastomotic leakage with 3% compared to 
22% in open surgery, a similar difference was observed in perforated diverticulitis wit 0% 
and 7%.16,26

Lavage, reinforcement, revising or resection of the diverticular segment or leak
The old standard for anastomotic leakage or colon perforation is resection of the failing 
segment with end colostomy (Hartmann’s). In case of a right hemicolectomy, this would be 
an end ileostomy. Even in patients with postoperative sepsis and a negative relaparotomy, 
the anastomosis is sometimes taken down “just in case” or “to prevent worse”. This is 
an invalidating choice as over 60% of the patients with end colostomy after leakage will 
never get reversal.16,30 This rigorous treatment is obviously driven by the anticipated high 
mortality rate following leakage, however this does not mean it is the best option. Pera et 
al.31 described successful salvage surgery with lavage and a diverting ileostomy in 6 out of 7 
patients, including four laparoscopic procedures. Fraccalvieri et al.32 described 39 patients 
with a salvage procedure and 54 with resection of the anastomosis, with less mortality (15% 
versus 37%) and better chances for reversal in the salvage group (91% versus 38%). In our 
own study, salvage occurred in 60% of patients following relaparoscopy and 33% of patients 
with relapartomy.16 Despite the higher salvage rate, less patients required additional surgical 
reinterventions. 
 Besides redo of the complete anastomosis, salvage of the anastomosis can be achieved by 
repair of the defect by either suture, tissue adhesives or in combination with omentoplasty. 
All of these options are similar to those applied in reinforcement of the anastomosis 
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to prevent leakage.33 In patients with a low rectal anastomosis, repair might even be 
performed transanally.34 Another new option which is currently under investigation is the 
use of an endosponge vacuum system in a presacral sinus followed by transanal closure 
of the defect.35 In the upper gastrointestinal tract, covered stents are successfully used to 
treat perforations and anastomotic leaks of the esophagus. Although stent migration is a 
troublesome complication, this technique can successfully applied with a clinical success 
rate of 81%.36 Although metallic stents have been successfully used for colonic strictures, 
nu such reports are available for colorectal anastomotic leakage. Only one animal study 
demonstrated successful application of a covered stent in the colonic anastomosis in pigs 
and reducing the abscess rate.37 

 The role of extensive peritoneal lavage in addition or as sole treatment of purulent 
peritonitis remains unclear. In laparotomy, it is easy to rinse the abdominal cavity with 
large quantities of saline or other antibacterial solutions. In laparoscopy, flushing the same 
amount of fluid takes more time and effort. Therefore smaller quantities are often used. 
Although rising is appealing to the eye, it does not only was away debris and bacteria, it also 
allows bacteria to spread throughout the abdominal cavity.38 
 Laparoscopic lavage as a surgical treatment for perforated diverticultis with purulent 
peritonitis was studied in the LOLA arm of our Ladies trial and three other randomised 
trials.29,39-41 All trials included a similar patient population, although inclusion criteria differed 
the baseline characteristics between trials did not. Previous series suggested improved 
morbidity and mortality outcomes following peritoneal lavage compared to historical data 
on Hartmann’s procedure. Ours and two others have presented the short term outcomes 
recently, but none can confirm any improvement in morbidity and mortality for laparoscopic 
lavage.26,42,43 The Scandiv trial group reported a 90-day severe morbidity rate (Clavien-
Dindo ≥ 3B) of 31% following lavage and 26% following sigmoidectomy.43 The Danish DILALA 
group reported 21% and 17% for lavage and Hartmann’s procedure respectively at 6-12 
weeks postoperatively. The LOLA trial reported a higher rate of 44% and 24% respectively 
but included 5 (11%) elective sigmoidectomies just before the first 90 days. Although these 
results are much worse than reported in the case series, postoperative/30-day mortality 
was equally low in all trials regardless of treatment (0-7%). Our results show that the long 
term outcomes are generally worse in the sigmoidectomy group due to Hartmann’s reversal. 
This results in similar morbidity outcomes for both groups at 12 months, but has to be 
confirmed by the long term results of the other trials. Troublesome is the rate of wrongfully 
included patients with perforated colon carcinoma, accounting for approximately 4-10% of 
the patients. When resection is performed, this would be not affect the further treatment 
of the cancer, but in case of lavage, diagnosis and resection are delayed until follow up 
colonoscopy. This might result in an increased risk of (peritoneal) metastases and decreased 
survival. 
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 On the positive side, the majority of patients in the lavage group avoided laparotomy 
and stoma formation and about half avoided sigmoidectomy within the first year. Whether 
or not the last is of benefit must still be shown in longer term results, but a decreased risk 
of fascial dehiscence is already seen (11% vs 17% in lavage and resection respectively in 
intention-to-treat population). All hernia in the lavage group occurred in patients following 
relaparotomy or conversion. 

Future perspectives
Taking into account the observations in this thesis and those discussed above, the treatment 
of colonic peritonitis is likely to become less invasive in the next decades. Laparoscopic 
surgery will become the standard for both elective and emergency surgery, and the surgical 
therapy itself will become less extensive. The role of non-surgical management with 
antibiotics or percutaneous drainage will further increase, increasing the demand for more 
detailed clinical and radiological diagnosis and classification. If surgery cannot be avoided, 
lavage and salvage of the affected sigmoid or anastomosis will be preferred over Hartmann’s 
procedure in most patients. If resection of the affected segment is unavoidable, primary 
or redo anastomosis can be performed. Use of a loop ileostomy as a preventive measure 
will be reduced, but loop ileostomy will be used as part of a salvage procedure for early 
diagnosed anastomotic leakage instead.
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SUMMARY

PART I - Perforated diverticulitis

Laparoscopic peritoneal lavage for purulent perforated diverticulitis did not result in 
a reduction in the composite endpoint of major morbidity and mortality compared to 
sigmoidectomy at 12 months as shown in chapter 2. Although laparoscopic lavage did result 
in a higher acute reintervention rate, 76% of patients were discharged without further 
surgery. The higher morbidity rates did not result in excess mortality, suggesting that 
patients that fail lavage can be salvaged when reintervention is timely. These result do not 
differ from those of other randomised trials on perforated diverticulitis, who have recently 
been published. In addition, laparoscopic lavage resulted in a non-significant reduction of 
the costs per patient by €6 262 compared to sigmoidectomy at 1 year (chapter 3). Therefore 
in addition to the clinical outcomes reported before, the use of laparoscopic lavage in 
selected patients is justified but not clearly superior to sigmoidectomy. Laparoscopic lavage 
warrants further investigation as more careful patient selection has the potential to improve 
overall outcomes and reduce costs. In a parallel cohort during the Ladies trial, laparoscopic 
lavage, primary anastomosis and Hartmann’s procedure were all used for the treatment of 
perforated diverticulitis without clear differences in outcomes (chapter 4). Only the specialty 
of the surgeon could reduce mortality and APACHE-II could predict severe morbidity and 
mortality regardless of surgical procedure. Treatment within or outside the randomised trial  
or surgical procedure did not influence postoperative morbidity and mortality.

In a systematic review (chapter 5) we have shown that emergency laparoscopic 
sigmoidectomy for the treatment of perforated diverticulitis with generalised peritonitis is 
feasible in selected patients and in experienced hands. Although the evidence is limited, it 
does show an acceptable conversion rate, low reintervention rate, low morbidity rate, and a 
low mortality rate. These results have been confirmed in a propensity matched cohort, the 
first comparative study including only Hinchey III and IV disease. (chapter 6). Laparoscopic 
sigmoidectomy was superior to open sigmoidectomy with regard to postoperative 
morbidity and hospital stay. This resulted in reduced costs per patient in the laparoscopic 
group. Stoma closure after Hartmann’s procedure occurred more frequently and more 
often with a laparoscopic approach. Although the groups are matched, the results should 
be interpret with caution as the cohort consist of selected patients with more favourable 
baseline characteristics compared to the complete group and surgery was performed by 
experienced gastrointestinal surgeons. Prospective studies are needed to provide proof of 
possible benefits of acute laparoscopic sigmoidectomy compared to open sigmoidectomy 
for perforated diverticulitis.
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In chapter 7, an overview of six international guidelines on diverticulitis is provided. 
The overall consensus is limited and supporting evidence is frequently lacking. Only two 
topics achieved full consensus with sufficient evidence, but were only discussed in 2 out 
of 6 guidelines. We did observe a trend for less invasive/more conservative methods of 
treatment for diverticulitis along the whole spectrum. This synopsis was discussed at a 
scientific meeting and resulting in the formation of four topics for further research; (1) 
The need for earlier elective surgery in young and immunocompromised subgroups; (2) 
Treatment of abscesses following diverticulitis; (3) The risk of cancer masked by an episode 
of diverticulitis and; (4) Restrictive or non-restrictive diet tolerance assessed by patient 
reported outcome measurement.  

PART II - Anastomotic leakage

In chapter 8, we were able to show that laparoscopic reintervention results in a shorter 
hospital stay and less fascial dehiscence compared with open re-intervention in selected 
patients. In addition, a trend was seen for fewer ICU admissions, fewer additional re-
interventions, and less mortality in the laparoscopic group compared with the open 
group. These data suggested that laparoscopic re-intervention could be a safe and feasible 
technique in the case of suspected anastomotic leakage, bowel perforation, or abscesses 
following colorectal surgery in selected patients. 
 In addition, we investigated the same question in a larger national cohort of colorectal 
cancer resections in chapter 9. Again, laparoscopic reintervention following laparoscopic 
colorectal resection resulted in less mortality and faster recovery compared to open 
reintervention. The differences found were clinically relevant with a 10 % lower in-hospital 
mortality, six days shorter hospital stay and 26 % less ICU admissions.  After correction for the 
known baseline differences in a regression analysis, these differences remained statistically 
significant.  These results show laparoscopic reintervention to be a feasible approach for 
selected patients. These promising results should be confirmed in a prospective multicentre 
study with sufficient scoring systems for patient condition and perioperative findings to 
eliminate bias. 
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DEEL I – Geperforeerde diverticulitis

Laparoscopische peritoneale lavage voor purulente geperforeerde diverticulitis leidt niet 
tot een reductie in het samengestelde eindpunt bestaand uit ernstige morbiditeit en 
mortaliteit na 12 maanden, vergeleken met sigmoïdresectie (hoofdstuk 2). Ondanks dat 
laparoscopische lavage in meer acute reïnterventies resulteerde, kon 76% van de patiënten 
het ziekenhuis verlaten zonder additionele chirurgische reïnterventies. De hogere morbiditeit 
resulteerde niet in een hoge mortaliteit, wat suggereert dat in geval van falen van de lavage 
de patiënt veilig kan worden behandeld met een tijdige reïnterventie. Deze resultaten zijn 
vergelijkbaar met de gegevens verkregen uit andere recent gepubliceerde gerandomiseerde 
studies naar geperforeerde diverticulitis. Bovendien resulteerde laparoscopische lavage 
in een niet statistisch significante reductie van de ziekte gerelateerde kosten per patiënt 
met € 6.262 in vergelijking tot sigmoïdresectie gedurende het eerste jaar (hoofdstuk 3). In 
combinatie met de eerder gerapporteerde klinische uitkomsten is hiermee de toepassing 
van laparoscopische lavage verantwoord, maar niet duidelijk superieur ten opzichte van 
de klassieke sigmoïdresectie. Er is meer onderzoek nodig gezien een andere selectie van 
patiënten de resultaten mogelijk kan verbeteren en de kosten verder kan reduceren. In een 
parallel cohort gedurende de looptijd van de Ladies studie werden zowel laparoscopische 
lavage, sigmoïdresectie volgens Hartmann en sigmoïdresectie met primaire anastomose 
toegepast voor de behandeling van geperforeerde diverticulitis, zonder duidelijke verschillen 
in uitkomst tussen deze behandelingen (hoofdstuk 4). Alleen de specialisatie van de chirurg 
was van invloed op de mortaliteit en een hoge APACHE-II score was voorspellend voor 
ernstige morbiditeit en mortaliteit ongeacht de type chirurgische behandeling. Behandeling 
binnen of buiten de gerandomiseerde studie en de uitgevoerde behandeling had geen 
invloed op postoperatieve morbiditeit en mortaliteit.

In een systematische review van eerder gepubliceerde studies (hoofdstuk 5) hebben 
we aangetoond dat acute laparoscopische sigmoïdresectie voor de behandeling van 
geperforeerde diverticulitis met gegeneraliseerde peritonitis haalbaar is in geselecteerde 
patiënten en door gespecialiseerde chirurgen. Ondanks het beperkte bewijs is er sprake van 
een acceptabel conversiepercentage, laag reïnterventie percentage en weinig complicaties  
en mortaliteit. Deze resultaten zijn bevestigd middels een propensity matched cohort 
(koppelen van patiënten op basis van kans op laparoscopische of open behandeling), welke 
tevens de eerste studie is die een directe vergelijking maakt tussen laparoscopische en 
open sigmoïdresectie voor enkel Hinchey III en IV geperforeerde diverticulitis (hoofdstuk 6). 
Laparoscopische sigmoïdresectie is superieur ten opzichte van de open sigmoïdresectie met 
betrekking tot postoperatieve morbiditeit en opnameduur. Dit resulteerde tevens in een 
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kostenbesparing in de laparoscopische groep. Na een laparoscopische Hartmann procedure 
werden er meer stoma’s opgeheven en dit werd ook vaker middels een laparoscopische 
procedure gedaan ten opzichte van de open Hartmann procedures. Ondanks dat de 
groepen vergelijkbare kenmerken vertonen door koppelen, moeten de resultaten met 
enige voorzichtigheid worden geïnterpreteerd. Dit omdat de geïncludeerde patiënten een 
geselecteerde groep zijn uit het totale cohort met gunstigere karakteristieken en vrijwel 
altijd door gastro-intestinaal chirurgen geopereerd. Prospectieve studies zijn nodig om 
sterker bewijs aan te leveren over de mogelijke voordelen van acute laparoscopische 
sigmoïdresectie ten opzicht van open sigmoïdresectie bij geperforeerde diverticulitis.

In hoofdstuk 7 wordt een overzicht gegeven van zes internationale richtlijnen over 
diverticulitis. Het aantal onderwerpen waarover consensus bestaat is beperkt, en ook het 
ondersteunende bewijs is vaak afwezig. In slechts twee onderwerpen was er sprake van zowel 
consensus als hoge kwaliteit wetenschappelijk bewijs, echter werden beide onderwerpen 
in slechts 2 van de 6 richtlijnen besproken. Wel was er een trend zichtbaar voor minder 
invasieve en meer conservatieve behandelmethoden voor de behandeling van diverticulitis 
in het gehele spectrum. De bespreking van deze synopsis op een wetenschappelijke 
bijeenkomst heeft geresulteerd in het formuleren van vier belangrijke onderwerpen voor 
toekomstig onderzoek, zijnde (1) De noodzaak voor eerdere electieve chirurgie bij jonge 
en immuun gecompromitteerde patiënten; (2) Behandeling van abcessen bij diverticulitis; 
(3) Het risico op maligniteit, gemaskeerd door een episode van diverticulitis en; (4) Het nut 
van dieetrestricties voor voedseltolerantie, gemeten middels een patiënt gerapporteerde 
uitkomst. 

DEEL II – Naadlekkage

In hoofdstuk 8 laten we zien dat laparoscopische reïnterventies resulteren in een kortere 
opnameduur en een afname in het aantal fascie dehiscenties in vergelijking met open 
reïnterventies voor behandeling van een gecompliceerd beloop bij laparoscopische colon 
chirurgie in geselecteerde patiënten. Tevens is er een trend gezien voor minder intensive care 
opnames, minder additionele reïnterventies en minder mortaliteit in de laparoscopische 
groep ten opzichte van de open groep. Deze data suggereert dat relaparoscopie een veilige 
en haalbare techniek is na laparoscopische colon chirurgie gecompliceerd door naadlekkage, 
darmperforatie of abcesvorming in geselecteerde patiënten. 
 Behalve in dit lokale cohort, hebben we dezelfde vraag nogmaals onderzocht in het 
complete nationale cohort van de Dutch Surgical Colorectal Audit (hoofdstuk 9). Ook in 
deze studie leidt laparoscopische reïnterventie na laparoscopische colorectale chirurgie 
in minder mortaliteit en een kortere opnameduur ten opzichte van open reïnterventies. 
Deze verschillen zijn klinisch relevant met een 10% lagere mortaliteit, een zes dagen 
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kortere opnameduur en 26% minder intensive care opnames. Na correctie voor de 
baselineverschillen tussen de laparoscopisch en open gereopereerde patiënten middels een 
regressie analyse bleven deze verschillen statistisch significant. Deze resultaten laten zien 
dat laparoscopische reïnterventie een haalbare chirurgische techniek is in geselecteerde 
patiënten. Deze veelbelovende resultaten zullen echter nog wel bevestigd dienen te worden 
in een prospectieve multicenter studie met een eenduidige beoordelingsmethodiek voor de 
preoperatieve conditie van de patiënt om bias te voorkomen. 
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KORTE SAMENVATTING VOOR NIET-MEDICI

Deel 1 van dit proefschrift gaat over het spoelen van de buikholte door middel van kleine 
sneetjes zoals bij een kijkoperatie (laparoscopische peritoneale lavage) wanneer er 
sprake is van pus in de buikholte (buikvliesontsteking) door een perforatie van ontstoken 
uitstulpingen van de dikke darm (diverticulitis). Het beschreven onderzoek laat zien dat 
dat spoelen alleen ten opzichte van een operatie waarbij het zieke stuk dikke darm wordt 
verwijderd (sigmoïd resectie) niet zorgt voor minder complicaties of minder patiënten die 
overlijden aan de gevolgen hiervan (hoofdstuk 2). Doordat het spoelen een eenvoudigere, 
kortere ingreep is en er minder stoma’s worden aangelegd zijn de kosten wel lager dan na 
het verwijderen van een stuk darm (hoofdstuk 3). Tijdens de looptijd van de studie zijn er 
ook veel patiënten buiten de studie behandeld. In deze groep blijkt het niet uit te maken of 
er alleen wordt gespoeld, het zieke stuk darm wordt verwijderd, en of de darm dan weer 
direct wordt aangesloten of dat er stoma wordt aangelegd. Wel blijken gespecialiseerde 
darmchirurgen betere operatie uitkomsten te hebben (hoofdstuk 4). 
 In hoofdstuk 5 zijn eerdere studies samengevat om aan te tonen dat het verwijderen van 
het zieke stuk darm naast op de klassieke open manier (laparotomie), ook door middel van 
een kijkoperatie kan plaatsvinden. Dit is nogmaals aangetoond in hoofdstuk 6 waarin een 
vergelijkende studie met onze eigen data wordt beschreven. Na een kijkoperatie  kunnen 
patiënten eerder naar huis, hebben minder complicaties en wordt een eventueel stoma 
vaker en eerder opgeheven.
 Daarna wordt in hoofdstuk 7 een vergelijking gemaakt tussen verschillende internationale 
richtlijnen over de behandeling van diverticulitis. Er blijken veel verschillende meningen te 
bestaan die gebaseerd zijn op wetenschappelijk bewijs van wisselende kwaliteit. 

Deel 2 van dit proefschrift beschrijft de toepassing van de kijkoperatie bij de behandeling 
van een buikvliesontsteking door naadlekkage (het lekken van darminhoud in de buikholte 
door het falen van de aansluiting tussen de darmdelen na een darmresectie).  In hoofdstuk 8 
 wordt een studie beschreven die is uitgevoerd in twee Nederlandse ziekenhuizen. Hier wordt 
een directe vergelijking gemaakt tussen patiënten die via kijkoperatie (laparoscopie) of via 
een traditionele open operatie (laparotomie) zijn behandeld nadat er sprake bleek van een 
naadlekkage. Na laparoscopische behandeling konden patiënten sneller naar huis en was er 
minder vaak een open buik of littekenbreuk. In het laatste hoofdstuk (hoofdstuk 9) wordt 
dezelfde vergelijking gemaakt maar nu in de data die is verzameld over alle darmkanker 
patiënten in Nederland. Ook in deze studie zorgt laparoscopische behandeling voor sneller 
herstel, minder complicaties en minder overleden patiënten.  
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DANKWOORD

Dit is hem dan, het langverwachte proefschrift. Ontstaan in de afgelopen 5 jaar, met vele 
verschillende samenwerkingen op bijna nog meer verschillende plekken. Zonder de hulp van 
velen op deze weg was het proefschrift zoals dat nu voor je ligt er wellicht nooit gekomen. 
Daarom wil ik iedereen hartelijk bedanken voor jullie hulp, inspiratie, steun en vertrouwen.

Ten eerste mijn promotoren, prof. dr. W.A. Bemelman en prof. dr. J.F. Lange, dank jullie wel 
voor de bereidheid om mij met mijn beperkte onderzoekservaring los te laten op een grote 
multicenter studie. Beste Willem, bedankt voor je vertrouwen en het warme welkom in je 
onderzoeksgroep. Je passie voor het onderzoek is aanstekelijk en je toewijding om zowel 
de grote als kleine projecten tot een mooi resultaat te brengen is bewonderenswaardig. 
Bedankt voor de brainstormsessies als ik weer eens vastliep, suggesties en kritiek op de 
artikelen en presentaties, zelfs als ik er weer eens op het laatste moment mee kwam. Zonder 
jouw hulp was de Lancet nooit gelukt. Beste Johan, het is voor mij nog steeds een raadsel 
hoe een sollicitatiegesprek over jazz, cultuur en hernia onderzoek heeft kunnen leiden tot 
dit proefschrift. Tot mijn verrassing  bleek er ruimte op het voor mij vertrouwde naadlekkage 
onderzoek, met een lopende RCT als bonus. De REPAIR groep bleek een warm bad dat de 
vrijdagmiddag een nieuwe invulling heeft gegeven. Hartelijk dank voor de begeleiding, maar 
ook de vrijheid die ik heb gekregen om het pad naar dit proefschrift uit te stippelen. 

Dr. D.J. Lips, beste Daan. Samen met Hubert heb jij de aanzet gegeven tot dit proefschrift, 
weliswaar niet met de unlocked studie zoals je die voor ogen had, maar niet minder mooi. 
Dit is toch weer een mooie stap in de richting om de laparoscopische behandeling van  de 
naadlekkage op de kaart te zetten. Jouw enthousiasme en hulp hebben me de juiste richting 
op geholpen om dit promotietraject tot een mooi einde te brengen. 

Leden van de promotiecommissie, prof. dr. M.A. Boermeester, prof. dr. J.W.F.M. Bartelsman, 
prof. dr. J. Stoker, dr. P.J. Tanis, prof. dr. J. Jeekel en dr. J.B. Reitsma. Ik wil u allen hartelijk 
danken voor uw bereidheid zitting te nemen in mijn promotiecommissie. Professor 
Jeekel, dankuwel voor uw enthousiasme tijdens het eerste telefoongesprek nog voor mijn 
officiële sollicitatiegesprek voor de REPAIR groep, u heeft toen alle twijfel om echt te gaan 
promoveren weggenomen. 

Een multicenter studie is natuurlijk niets zonder alle chirurgen, art-assistenten, research 
nurses, secretaresses en patiënten. Hartelijk dank voor jullie bijdrage aan de Ladies trial. 
Jefrey, Hilko, Irene en Gijs, heel erg bedankt voor al het werk dat jullie hebben verzet in 
de voorbereiding en uitvoering van het eerste deel van Ladies trial. Zonder jullie had ik 
natuurlijk nooit in deze korte tijd kunnen promoveren. Marguerite en Lidewine, dank jullie 
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wel voor de samenwerking met de 3D diverticulitis trials. Daniel, heel veel succes met het 
volbrengen van de DIVA, maak er wat moois van. 

Naast de betrokkenen bij de Ladies-trial wil ik uiteraard ook alle andere coauteurs bedanken 
voor hun belangrijke bijdrage. Zonder jullie kritische noten waren de artikelen nooit zo goed 
geworden. Susan van Dieren, enorm bedankt voor je hulp bij de statistiek, zonder jouw hulp 
zat ik nu nog in de knoop met de analyses van de vragenlijsten, het kostenonderzoek en niet 
te vergeten de propensity-matching.

REPAIRders prof. G-J. Klein Rensink, dr. Anand Menon, Simone, Zhouqiao, Ruth, Joost en An. 
Dank jullie wel voor de vrijdagmiddagen, samenwerking, ratten straatjes in het lab en de 
eerste laparotomie op een varken met uitzicht over Rotterdam. Kelder-hokgenoten Franny, 
Sander, Sushi, Tanja, Stef en Jeroen. Bedankt voor de borrels, gezelligheid en succes met 
jullie eigen proefschriften!

Pieter en Christianne, misschien wel mijn on-officiële copromotores. Bedankt voor alle hulp, 
kritiek, suggesties en complimenten bij het verbeteren van de manuscripten en geduldig 
toehoren van de zoveelste presentatie! Ditzelfde geldt uiteraard ook voor de Bemel-
onderzoekers, Gijs, Didi, Joline, Saloomeh, Lotje en Wernard. Dank jullie wel voor de steun 
en gezelligheid! 

Collega onderzoekers van G4, bedankt voor de gezelligheid, sinterklaasviering, lunches, wie-
is-de mol activiteiten en borrels; het was fantastisch. Arja, Aafke en Jo, mijn roomies van het 
eerste uur, bedankt voor het delen van de kamer/computer. Salomeeh, Didi, Saar, Monique, 
Kirsten, Lidewine, Dominique, Yara, Shanna, Maurits, Sytse, Robbert-Jan, Jasper, Kaij, Yama, 
Gijs, Thijs, Stijn, Maarten, Tjibbe, Jantine, Anneke, Kim, Wernard, Lotje, Floor, Anne, Kasia, 
Jim, Robbert-Jan, Joost en alle anderen, ik geloof dat het onmogelijk is om hier alle namen 
te noemen zonder iemand te vergeten, maar toch allemaal onwijs bedankt voor de gezellige 
tijd!

Secretaresses van AMC G4 en Erasmus MC, hartelijk dank voor jullie ondersteuning. In 
het bijzonder Ingrid, dank voor helpen met verzamelen van de handtekening om op het 
nippertje de goedkeuring voor dit proefschrift nog voor de kerstperiode rond te krijgen.

En dan waar het allemaal begon, bij mijn collega’s en vrienden uit het Maastricht UMC. 
Nicole Bouvy en Stephanie Breukink, dank jullie wel voor het vertrouwen en de steun 
bij mijn eerste stappen in het onderzoek. Dat nietje zit inmiddels door mijn CV en die 
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opleidingsplaats is er gekomen. Lieve mede- semiartsen uit het levertuintje. Ondanks dat 
het product niet in dit proefschrift terecht is gekomen is hier toch de basis gelegd voor mijn 
wetenschappelijke carrière. Milou, Loeki, Anna, Margot en de mannen, dank jullie wel. En 
natuurlijk Laura, dankjewel voor turbulentie. Wat hebben we gelachen, gezopen en mooie 
momenten in Cambodja meegemaakt, jouw high-speed promotie was een voorbeeld voor 
mij. Proost op nog vele borrels in de toekomst.

Mijn oud-collega’s uit het Jeroen Bosch Ziekenhuis, wat heb ik met jullie een mooie start 
in de kliniek mogen maken. Meteen mee op Ardennenweekend, wat een ontzettend leuke 
kennismaking met mijn collega’s was dat! Hubert, Walter en Koop, bedankt voor jullie steun 
en bijdrage aan dit proefschrift. Julia, mijn voorbeeld voor een promotietraject naast je 
ANIOS baan, Arné, Michelle, Esther, Maaike, Karin, Myrte, Vera, Sophie, Emilie en Martijn 
dank voor jullie gezelligheid! 

Alle chirurgen en assistenten in het Tergooi ziekenhuis, dank jullie wel voor de leuke tijd dit 
jaar als ANIOS. Het was niet altijd makkelijk om een promotie af te ronden naast een klinische 
baan en het voelde regelmatig alsof ik twee fulltime banen had. Met jullie gezelligheid en 
collegialiteit is dat gelukkig helemaal goed gekomen. 

Alle duikers van Souldivers Rotterdam en Diveplace Utrecht, bedankt voor de nodige 
ontspanning onderwater in het zwembad en de Nederlandse wateren. Tijdens die dagen en 
korte tripjes naar zeeland kom ik altijd weer even helemaal tot rust. Tot snel weer aan de 
waterkant nu deze hectische periode eindelijk achter de rug is!

Candor chickies, lichting 2005 Renée en Irene met extensie Vulptur klote(n) lichting 2009 
Hanneke en Carlijn, festival/vakantie/ski crew inclusief Marija, Susan, Saar, Annemieke, 
Josee, Annelieke, Jilde, adoptie Vulptur Rozanne en alle anderen. Veel dank voor de 
geweldige studententijd, gevolgd door nog meer festivals, skivakanties, weekendjes, 
activiteiten, feesten en borrels. Ik kon me geen betere groep vriendinnen bedenken om 
mijn (anti-)talenten mee te ontdekken. Nog even en ik ben weer overal bij!

Mijn paranimfen, Susanne Lucieer en Tineke Vennix. Suus, ten eerste van harte gefeliciteerd 
met je eigen proefschrift wat je in januari mag verdedigen (of hebt inmiddels verdedigd). Wat 
ben ik blij dat wij ooit samen achter de bar zijn beland, want dit heeft zoveel leuke borrels, 
feestjes en theemomenten opgeleverd. Zelfs als we elkaar even uit het oog verliezen is het 
altijd alsof het nooit anders is geweest. Eigenlijk heb ik aan die spontane borrel met jou in 
de Olivier dit promotietraject indirect te danken. Fijn dat we nu weer lekker dichtbij elkaar 
in Utrecht wonen, we gaan weer borrelen, en misschien wel hardlopen. Lieve zus, dankjewel 
dat je bij mijn promotie aan mijn zijde wilt staan. Ondanks dat we altijd zo anders waren, 
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zo onze eigen weg zijn gegaan, ben ik blij dat we elkaar nu weer vaker zien. Het was heerlijk 
om na 5 maanden reizen bij jou te mogen logeren/wonen tot ik mijn eigen plekje weer had 
gevonden. En natuurlijk is jullie prachtige dochter Evy, mijn lieve nichtje, een geweldige 
motivatie om wat vaker terug naar Oosterhout te komen. 

Pap en mam, opa en oma. Dank jullie wel voor de onvoorwaardelijke steun en het vertrouwen 
in mij. Ook al hebben jullie soms geen idee wat ik nu weer uitspook en waarom ik keer op 
keer door het land verhuis, en de zoveelste keer naar het verre buitenland vertrek. Hier dan 
eindelijk iets tastbaars van datgene waar ik de afgelopen jaren zoveel tijd in heb gestoken. 
Zonder jullie was ik hier nooit geweest.
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CURRICULUM VITAE

Sandra Vennix werd geboren op 26 juli 1986 in het Brabantse Oosterhout. In 2004 behaalt 
zij daar haar Atheneum diploma en aansluitend start zij met haar studie Geneeskunde 
aan de Universiteit van Maastricht. Ze doorloopt enkele coschappen in het buitenland, 
waaronder Engeland en Zuid-Afrika. Haar zesde jaar bestaat uit een wetenschappelijke 
en klinische stage op de afdeling chirurgie van het MUMC waar ze start met onderzoek 
naar de preventie van naadlekkage. In 2011 begint ze als arts-assistent Chirurgie in het 
Jeroen Bosch Ziekenhuis gecombineerd met onderzoek naar laparoscopie bij colorectale 
naadlekkages. Hierna vertrekt ze voor vijf maanden naar zuid-oost Azië om rond te reizen 
en de magie van het onderwaterleven te ontdekken. Met al deze ervaringen op zak kan 
ze haar promotieonderzoek voortzetten op de afdeling Chirurgie van het Erasmus MC en 
Academisch Medisch Centrum, wat heeft geresulteerd in dit proefschrift. In 2016 zal zij 
starten aan de opleiding tot radioloog in het VU medisch centrum.




