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Laparoscopic peritoneal lavage or sigmoidectomy for
perforated diverticulitis with purulent peritonitis:
a multicentre, parallel-group, randomised, open-label trial
Sandra Vennix, Gijs Musters, Irene Mulder, Hilko Swank, Esther Consten, Eric Belgers,
Nanette van Geloven, Michael Gerhards, Marc Govaert, Helma van Grevenstein, Anton
Hoofwijk, Philip Kruyt, Simon Nienhuijs, Marja Boermeester, Jefrey Vermeulen, Susan van
Dieren, Johan Lange, Willem Bemelman on behalf of the Ladies trial collaborators
The Lancet, 2015 Sept; 365(10 000): 1269-77

SUMMARY
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 highdose 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.
Findings
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).
Interpretation
Laparoscopic lavage is not superior to sigmoidectomy for the treatment of purulent
perforated diverticulitis.
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Cost analysis of laparoscopic lavage compared to
sigmoidectomy for purulent perforated diverticulitis within the
randomised Ladies trial
Sandra Vennix, Susan van Dieren, Brent Opmeer, Johan Lange, Willem Bemelman,
on behalf of the collaborative Ladies study group
Submitted

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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Specialised surgeons rather than surgical technique reduce
postoperative mortality in perforated diverticulitis.
A consecutive cohort of 317 patients
Sandra Vennix, Christianne J Buskens, Pieter J Tanis, Johan F Lange, Willem A Bemelman
Submitted

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 compared patients randomised and non-randomised within the study period and
hospitals of the Ladies trial with regard to postoperative morbidity and mortality. Possible
factors of influence on those outcomes were evaluated in a multivariable regression analysis.
Methods
Consecutive patients with perforated diverticulitis from 28 Dutch teaching hospitals between
July 2010 and July 2014 during the conduct of the Ladies trial were included in this cohort.
The same criteria as in the Ladies trial were used, excluding patients >85 years, >20mg
daily steroids, hemodynamic instability, previous sigmoid surgery or pelvic irradiation from
analysis.
Results		
A total of 229 non-randomised patients and 88 randomised patients with purulent perforated
diverticulitis within the Ladies trial were included in this study. Randomisation rather than
selection by surgeon did not influence outcomes. In a regression model corrected for age,
ASA grade and surgical procedure, 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 the APACHE-II score could predict
worse outcome (OR 1.1 95%CI 1.0-1.2; p = 0.008).
Conclusions
Randomisation or selection did not influence postoperative morbidity and mortality
following purulent perforated diverticulitis. The surgical procedure did not chance these
outcomes either, while APACHE-II score could predict postoperative morbidity and mortality.
Gastrointestinal surgeons achieved lower mortality rates compared to other surgeons,
therefore these patients should not be operated on by other surgeons regardless of the
used surgical procedure.
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Emergency laparoscopic sigmoidectomy for perforated
diverticulitis with generalised peritonitis; a systematic review
Sandra Vennix, Simone Boersema, Christianne Buskens, Anand Menon, Pieter Tanis,
Johan Lange, Willem Bemelman
Digestive Surgery 2016 Jan; 33:1-7.

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%).
Conclusions
Acute laparoscopic sigmoidectomy for the treatment of perforated diverticulitis is feasible
in selected patients and experienced hands.
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Acute open or laparoscopic sigmoid resection for perforated
diverticulitis; a propensity score-matched cohort
Sandra Vennix, Daan Lips, Salomone Di Saverio, Bart van Wagensveld, Walter Brokelman,
Michael Gerhards, Nanette van Geloven, Susan van Dieren, Johan Lange, Willem Bemelman
on behalf of the collaborative Ladies study group
Accepted, Surgical Endoscopy

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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Systematic review of evidence and consensus on diverticulitis:
an analysis of national and international guidelines
Sandra Vennix, Dion G. Morton, Dieter Hahnloser, Johan F. Lange, Willem A. Bemelman
on behalf of the research committee of the European Society of Coloproctocology
Colorectal Disease, 2014 Nov; 16(11):866-78

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.
Method
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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Surgical Reinterventions Following Colorectal Surgery: Open
Versus Laparoscopic Management of Anastomotic Leakage
Sandra Vennix, Raoul Abegg, Olaf J. Bakker, Peter B. van den Boezem, Walter J.A. Brokelman,
Colin Sietses, Koop Bosscha, Daniel J. Lips, Hubert A. Prins
J Laparoendosc Adv Surg Tech, 2013; 23(9):739-44

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.
Patients and 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).
Conclusions
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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Reinterventions following laparoscopic surgery for colorectal
cancer: Data from 818 individuals from the Dutch Surgical
Colorectal Audit
Sandra Vennix, Olaf J. Bakker, Hubert A. Prins, Daniel J. Lips
J Laparoendosc Adv Surg Tech A. 2014 Nov; 24(11):751-5.

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.
Subjects and 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 30day 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).
Conclusions
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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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
qualification of the surgeon could reduce mortality and APACHE-II was a strong predictor of
severe morbidity and mortality regardless of surgical procedure. Free selection of treatment
rather than randomisation did not result in better postoperative morbidity and mortality
outcomes for either group.
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 reinterventions, 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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