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ABSTRACT

Background: LADIES trial is one of the most important trials related to diverticular peritonitis. Its protocol and results were
published in 2010, 2015, 2017, and 2019. Despite this trial and other published trials, the appropriate procedures for each
scenario of diverticular peritonitis are still being debated, necessitating a thorough review of the methodology used in trials to

validate or reject their conclusions.

Objectives: To analyze the methodology used in the design and the application, analysis of results and conclusions of all
LADIES trial publications. Secondarily, to collaborate in the improvement of diverticular peritonitis research, and facilitate the

analysis of the topic by the readers.

Methods: The central parts of any research were analyzed, from the research question, hypothesis development,
operationalization of variables, trial design, statistical analysis and conclusions. We searched for errors, biases, and

weaknesses that could challenge the study findings.

Results: LADIES trial was a randomized, open-label, superiority trial analyzed according to intention to treat modified in cases
of non-compliance with the inclusion-exclusion criteria. Its design was generally correct, although errors, weaknesses, and
biases were detected in its application. Regarding results, LOLA showed that, in Hinchey 3, laparoscopic lavage has a higher
rate of early morbidity and mortality than sigmoidectomy, but with a shorter operative time. DIVA showed that, in Hinchey

3 and 4, the primary anastomosis has higher ostomy-free survival with less morbidity, combining initial surgery and ostomy

closure, compared to the Hartmann procedure.

Conclusions: Failure to reach the calculated sample size resulted in only large differences achieving statistical significance.
The low frequencies of adverse events accentuated this methodological problem. The specialization of the intervening centers
and surgeons, as well as the exclusion of hemodynamically unstable patients or patients undergoing corticosteroid therapy,

compromised the trial external validation.
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BACKGROUND

LADIES trial was an international, multicenter study
that was conducted from 2010 to 2016, involving 8 aca-
demic hospitals and 34 school hospitals from the Nether-
lands, Belgium and Italy. Its protocol and results were pu-
blished in 2012, 2015, 2017 and 2019."* It is considered
one of the most relevant studies in diverticular peritoni-
tis. Despite a large number of publications, there are still
doubts about which are the most appropriate procedures
for each scenario of diverticular peritonitis.

The purpose of this study was to analyze the design,
application and results of LADIES trial from a methodo-
logical perspective, with the primary objective of valida-
ting or, failing that, suspecting its conclusions. And with
the secondary objective of collaborating to improve the
methodology used in the research of the topic in question
and its analysis by the readers.

METHODS

'The central parts of any research study were described.
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Since it is a 2-arm study, the parts that refer to all the stu-
dy were analyzed together, and those that are particular,
separately. The following parts of the trial were described:
* Research question and hypothesis.

* Study design.

*  Operationalization of the variables.

*  Statistical analysis and results.

» Conclusions.

In each of them, errors, biases and weaknesses were sear-
ched that affected the logical sequence of the research
process.

RESULTS

Investigation question, hypothesis
LADIES trial aimed to answer these two questions:
“First, is laparoscopic lavage (LL) in Hinchey 3 superior
to sigmoidectomy in terms of morbidity, mortality, quali-
ty of life, and health costs (LOLA arm)? Second, which
approach is superior for Hinchey 3 or 4 regarding ostomy-
free survival, quality of life and health costs: Hartmann's
procedure (HP) or primary anastomosis (PA) with or
without a protective ostomy (DIVA arm)?”

In LOLA arm the alternative hypothesis was that for
Hinchey 3:
+ Ha: morbidity and mortality at 12 months of LL <
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morbidity and mortality at 12 months of sigmoidec-
tomy (8S).

+  Ha:LL quality of life score > S quality of life score.

In DIVA arm the alternative hypothesis was that for

Hinchey 3 or 4:

«  Ha: PA (with or without ostomy) ostomy-free survival
> HP ostomy-free survival.

+  Ha: PA (with or without ostomy) quality of life score >
HP quality of life score.

Cost analyzes will not be addressed due to the large diffe-

rences between Europe and the local environment.

Study design
This was an open-label, randomized study with analy-
sis of superiority according to intention to treat, inclu-
ding patients between 18 and 85 years of age with clinical
signs of diverticular peritonitis, with free air in abdomi-
nal X-ray, or CT with free air or diffuse fluid. Patients
with dementia, pelvic irradiation, steroid treatment,
shock, or inotropic requirements were excluded.
Randomization was in blocks of 2, 4 and 6 patients,
stratified by age (over and under 60 years). In LOLA arm
the distribution was 2: 1: 1 (LL, HP, PA) and in DIVA
1: 1 (HP, PA). Although technical procedures were de-
tailed, certain decisions, such as the type of anastomo-
sis or the decision to perform a protective ileostomy af-
ter the primary anastomosis, were left to the discretion of
the surgeon.

LOLA arm design

'The groups were analyzed, as corresponds to any supe-
riority study, according to intention to treat, modified in
LOLA only in 2 cases of violation of the inclusion crite-
ria protocol.

The decision to opt for a "superiority analysis" and not
to perform a “non-inferiority analysis” was due to the
fact that this type of analysis requires a larger sample
size to obtain a statistically significant result (p <0.05).
The analysis of patients "by intention to treat” is charac-
terized by keeping the randomization of the comparati-
ve groups intact and by being more representative of reali-
ty, taking into account that it is very common for patients
not to receive the assigned treatment or to receive another
treatment for different reasons, and that there are los-
ses to follow-up. This type of analysis has as a disadvan-
tage the loss of homogeneity of the groups and therefore
the loss in the expected effect of the evaluated treatment.
There are authors who recommend the presentation of
both analyzes, by intention to treat and by protocol, sin-
ce coincident results would give greater robustness to the
study.>”

The authors expected a 10% morbidity and mortality for

the LL group and a 25% morbidity and mortality for the
S group (HP and PA), therefore, the expected difference
was 15% and based on this difference the sample size was
calculated.

From a population of 563 patients with perforated di-
verticulitis 377 were separated by inclusion and exclusion
criteria, leaving 186 patients who underwent diagnostic
laparoscopy, 77 of them were Hinchey 1 or 2 and were
not enrolled, 19 were Hinchey 4 and enrolled in DIVA,
the remaining 90 patients were included in this study as
Hinchey 3. The characteristics of the excluded patients
were not significantly different from those included. The
groups were made up of 47 patients in the LL group (45
LL, 1 HP, 1 exclusion, and 1 loss to follow-up) and 43 in
the S group (21 HP, 20 PA, 1 LL and 1 exclusion). Af-
ter the exclusions, 46 remained in the LL group and 42 in
the S group according to the modified intention to treat.

LOLA arm variables

The primary outcome variable chosen was a categorical
variable expressed in percentages that combines mortali-
ty and morbidity greater than 12 months after initial sur-
gery, expressed as:

Patients deceased or with higher morbidity
Patients treated

Measuring morbidity and mortality has the advanta-
ge of increasing the proportion of the expected event and
therefore its difference, allowing reducing the sample size
necessary to obtain statistical significance.

Major morbidity was defined as reoperation, eviscera-
tion, abdominal abscess requiring percutaneous draina-
ge, acute myocardial infarction, urosepsis, kidney failure,
and respiratory failure. Early morbidity and mortality was
defined as that which occurred within 30 days after sur-
gery or until discharge if hospitalization was longer than
that period. Treatment failure was considered to be the
presence of persistent sepsis that caused death or required
reoperation. Elective sigmoidectomies in the LL group
were computed as reoperations.

'The accessory outcome variables were operating time,
length of stay, days of life outside the hospital, late morbi-
dity and mortality, incisional hernia, and delayed reope-
rations. The secondary outcome variable was quality of
life measured by 3 questionnaires (SF-36, GIQLI, and
EQ5D).

Statistical analysis and LOLA arm results

The statistical tests used were the usual ones and the data
were reported with measures of effect, mean differences,
odds ratio and 95% confidence intervals.

Seventy-three out of eighty-eight (83%) patients were
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operated on by surgeons specialized in digestive surgery,
the difference of this variable not being significant within
the groups (37/46 in LL and 36/42 in S).

The external validation of a study refers to the applica-
bility of the findings of the sample in the population, be-
cause the vast majority of patients with diverticular peri-
tonitis are operated by general surgeons. The results of the
study will have a significant bias regarding the applicabi-
lity of their findings in daily practice.

Differences (not statistically significant) were also found

in the proportion of ASA 3 and 4 patients, and in values
of the POSSUM-OS scale, in both cases favoring the LL
group.

The statistically significant term only refers to p <0.05;
it is the chance that the differences found in the study
groups are due to chance. Instead, clinically significant
refers to its importance or relevance in medical practice.

The study was stopped in February 2013 by the safety
committee during the third protocol analysis of the data
due to the high rate of early complications observed in the
LL group. During the 12-month follow-up, no signifi-
cant difference in morbidity and mortality was observed
(30 patients in LL vs. 25 patients in S; OR 1.28, 95% CI
0.54-3.03, p = 0.5804). The mean operative time was less
for the LL group: 60 vs. 120 min for S (mean difference
—54.53 min, 95% CI -68.04 to —40.26, p = 0.0010).

A contradiction was observed in the presentation of
data from early reoperations. Firstly, it mentions that
early morbidity and mortality were higher in LL group
(18 [39%)] patients in LL vs. 8 [19%] patients in S group
[OR 2.74, 95% CI 1.03-7.27, p = 0.0427]), which, they
say, it can be explained due to the high rate of reopera-
tions in LL vs. S group (16 and 3 patients, OR 6.3, 95%
CI 1.85-26, p = 0.0041). However, later the same article
mentions that sepsis was successfully controlled (patient
alive and without the need for reoperations) in 35 patients
of LL and 38 patients of S group. In addition, it mentions
that in LL group 9 patients with persistent sepsis required
reoperations and 2 more died of multi-organ failure. Si-
milarly, we can see that LL group accounted for 2 deaths,
9 reoperations and 9 percutaneous drains.

Therefore, it is not clear if 16 patients were actually
reoperated or if events were counted as patients, in which
case a methodological error was incurred since the varia-
ble number of events is measured as the average of events
per patient (number of total events/ number of patients
and the magnitude of the effect can be expressed, for
example, as Cohen’s d, but never as OR.®

Early mortality was 2/46 (4.3%) for LL group and 1/42
(2.4%) for S group, while mortality at 12 months was
4/46 (8.7%) for LL group and 6/42 (14.3%) for S group.

No significant differences were identified in the re-

sults of quality of life questionnaires (SF-36, GIQLI and
EQ5D).

The ostomy closures were performed in 5/11 patients in
LL group and in 24/35 in S group.

The LL was successful in 24/46 (52%) patients, none of
them required another treatment during hospitalization,
nor elective sigmoidectomy within 12 months. Thirty-
six (78%) patients in the LL group and 30 (71%) in the S
group were alive and ostomy-free after 12 months of fo-
llow-up (OR 1.53, 95% CI 0.55-4.30, p = 0.4193). It is
mentioned that within the 88 enrolled patients, 7 (8%)
cases of sigmoid carcinoma were reported, a third of the
elective sigmoidectomies were due to it.

LOLA arm conclusions
The results of the study did not allow rejecting the null hy-
pothesis.

HO: 12-month morbidity and mortality of LL >

12-month morbidity and mortality S.

HO: LL quality of life score < S quality of life score.

Early morbidity and mortality after initial surgery was
higher in the LL group vs. the S group.

'The operative time was statistically less in the LL group
vs. the S group.

'The authors emphasized that although there was grea-
ter early morbidity in LL, this was not reflected in higher
mortality, and this could suggest that patients who failed
LL could be rescued without compromising survival. The-
se appreciations do not follow from the study since mor-
tality was not evaluated in isolation, therefore, clinically
significant differences in mortality may not have reached
statistical significance due to the sample size used.

According to the authors, the failures to control sepsis in
the LL group could be attributed to a misdiagnosis when
mistaking fecal for purulent peritonitis, in fact, in the S
group, a third of the operative specimens had perforations.

It is evident that the differentiation by virtue of the sub-
jective classification in Hinchey 3 or 4 alone is not enough
to identify those patients with persistent intraoperative co-
lonic perforations, and could have a greater impact on LL
compared to resective techniques. However, due to the
study design it is not possible to know. Therefore, when a
variable is considered predictor of relevant results, repro-
ducible actions in daily practice must be incorporated into
the design for their correct measurement.

DIVA arm design

After early termination of the LOLA arm, the sample
size was calculated according to a 22% difference in re-
construction (72-50%), requiring 212 patients to esta-
blish this difference as statistically significant in a 2-tailed
analysis with an o = 0.05 and a power of 90% (B = 0.1). To
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the 212 patients a 10% was added for possible losses to fo-
llow-up, leaving a sample of 236 patients. Like the other
arm, DIVA ended prematurely due to difficulties in re-
cruiting patients.

a and B are known as type 1 and type 2 errors, respec-
tively They represent the possibility of making an inco-
rrect decision regarding the null hypothesis. Type 1 error
rejects a true null hypothesis (I find an effect where the-
re is not, 5% of this difference being by chance). Type 2
error does not reject a false null hypothesis (I am not able
to find the effect where there is one, I cannot find a diffe-
rence between the groups, but I can be wrong 10% of the
time).

Patient recruitment was carried out as follows: 93 pa-
tients were enrolled in Hinchey 3, 47 in the HP group (1
excluded, 1 PA, 45 HP; of them, 1 non-ostomy, 34 closed
ostomies and 11 not closed ostomies) and 46 in the PA
group (1 LL, 5 HP, 40 PA; of them, 13 non-ostomy, 29
closed ostomies and 4 not closed ostomies). Remained for
analysis, according to intention to treat 92 patients, and
for analysis of bowel transit reconstruction 62 patients. In
Hinchey 4, 40 patients were enrolled, 21 in the HP group
(1 excluded, 20 HP; of them, 10 closed ostomies and 10
not closed ostomies), and 19 in the PA group (1 excluded,
2 HP, 16 PA; of them 1 lost, 4 non-ostomy, 9 closed os-
tomies and 4 not closed ostomies). Remained for analysis,
according to intention to treat 38 patients and for analysis
of bowel transit reconstruction 19 patients.

According to the intention to treat, these 130 patients
were divided into 66 for the HP group and 64 for the PA
group. Sixty-five out of sixty-six (98%) patients in the HP
group received the planned procedure by protocol, whi-
le only 56/64 (87.5%) patients received it in the PA group.
As previously explained, the effect or results of the PA
were diluted, and although this does not invalidate the
study, this difference must be taken into account when
drawing conclusions.

DIVA arm variables

The primary outcome variable was ostomy-free survival
measured 12 months after the first surgery. It is a catego-
rical and temporal variable.

There is a discrepancy between the secondary variables
described in the 2010 protocol and the 2017 publication.
In the latter, the early mortality and morbidity, the cha-
racteristics of preoperative and operative care received,
and the quality of life are mentioned as secondary outco-
me variables.

It is not the finding of statistically significant differen-
ces in the variables between the compared groups that gi-
ves value to a study, but the logical sequence that follows
from the research question, the correct elaboration of the

hypotheses and variables that measure what I want to
know, the correct selection of the population and sample,
etc. If all this does not happen, I can only say that the di-
fterences found are statistically significant with p < 0.05.

Statistical analysis and DIVA arm results

The statistical tests used were the usual ones (Kaplan-
Meier, Mantel-Cox and Hazard ratio for survival,
Fisher's exact test for categorical variables with low fre-
quencies and Student's test for continuous variables).

There were no statistical differences between group’s
characteristics. As in LOLA, 115/130 (88.5%) of DIVA
patients underwent surgery by a surgeon specialized in
digestive surgery, compromising the external validity of
the results.

In the HP group 65/66 (98%) patients had an ostomy
after the initial procedure, while in the PA group only
46/64 (73%) patients had an ostomy. Forty-four out of
sixty-five (68%) patients in the HP group vs. 38/46 (83%)
in the PA group underwent bowel transit reconstruction
(p = 0.085). Those patients who did not undergo an os-
tomy or who were not reconstructed were excluded from
the analysis of bowel transit reconstruction.

To compare the reconstruction percentages of ostomy
patients within each group when it is not the main outco-
me variable of the study, and present it together with a p>
0.05, although it is statistically correct can lead to confu-
sion. See below.

As the main result, the patients in the PA group had
a statistically significantly greater ostomy-free survival
than those in the HP group (94.6% [95% CI 88.7-100] vs.
71.7% [95% CI 60.1-83.3], hazard ratio [HR] 2.79 [95%
CI1.86—4.18], log-rank test p<0.0001.

HR is the correct way to dynamically measure survival
curves because not only it tells me if the event occurred
or not, but the time it takes for the event to occur. In this
case it would be interpreted that the unreconstructed pa-
tients in the PA group had average 2.79 times more chan-
ces of reconstructing in the following time interval than
patients in the HP group.

No statistically significant differences were found in
early postoperative results of the initial procedure. Twen-
ty-nine out of 66 (44%) patients in the HP group and
25/64 (39%) patients in the PA group had higher or lower
morbidities. The highest morbidity was observed in 8/66
(12%) patients in the HP group and in 9/64 (14%) pa-
tients in the PA group.

Mortality was not statistically different between the pa-
tients assigned to both groups (HP group 3/66 [3%] vs.
PA group 4/63 [6%], p = 0.44). Regarding the morbidity
associated with bowel transit reconstruction, this was sta-
tistically lower in PA group vs. HP group (3/38 [8%] vs.
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13/66 [30%], p = 0.023). Although it did not reach statis-
tical significance, the overall morbidity for the initial pro-
cedure and the subsequent reconstruction was lower for
PA group vs. HP group (25/63 [40%)] vs. 37/66 [56%], p
=0.078.

Remember that the expected effect of the PA group is
diluted by the analysis according to intention to treat.

No statistically significant differences were found in the
results of the life scale questionnaires in both groups.

DIVA arm conclusions
The results of the study allowed rejection of main null
hypothesis. It is then accepted:
Ha: Ostomy-free survival PA (with or without ostomy)
> ostomy-free survival HP.
But they did not allow rejecting the secondary null hy-
pothesis. Then it is accepted:
HO: Quality of life score PA (with or without ostomy) <
quality of life score HP.
It was also observed that PA vs. HP had with statistical
significance:
1. Lower early overall morbidity after bowel transit re-
construction.
2. Less average time for reconstruction.
3. Shorter postoperative hospital stay after reconstruc-
tion.

DISCUSSION AND CONCLUSIONS

'This work represents the results of a first world European
population with hemodynamically stable purulent or fecal

peritonitis, attended by surgeons specialized in digestive
surgery at third-level institutions, whose two arms were
interrupted early due to the high rate of early complica-
tions in the LL group and the drop in patient recruitment
in the DIVA arm. LADIES had such a small sample that
only large differences could reach statistical significan-
ce. It is for this reason that the low frequencies of adverse
events related to the exclusion of unstable patients or tho-
se receiving corticosteroids, as well as the specialization
of the surgeons and the institutions that provided care,
only increased this drawback and seriously compromised
its external validity.

In conclusion, LOLA was not only unable to demons-
trate the lower morbidity and mortality at 12 months af-
ter LL, but conversely showed a higher early morbidity of
LL, that reached statistical significance.

LOLA also could not demonstrate a better quality of
life in LL vs. S. 'The analysis of the operative specimens
detected colonic perforations in about a third of LL pa-
tients, inadvertent during surgery, a fact that highlights
the subjectivity of the Hinchey classification and the need
of objectifying the intraoperative existence of a perfora-
tion for correct patient stratification.

At the same time, DIVA demonstrated greater ostomy-
free survival in favor of PA vs. HP. It also showed less
morbidity after PA vs. HP closure with statistical signifi-
cance. DIVA did not demonstrate statistically significant
differences in morbidity and mortality, or quality of life
between the groups.
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