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Abstract
The changing management paradigm of acute complicated diverticulitis and the elective indications for 
surgery have evolved in the last decade based on reported evidence-based data. Recently, it has been 
demonstrated that randomized controlled trials (RCTs), the highest trial format in the hierarchy of 
evidence-based reporting, suffer from a ‘crisis of replicability’. The development of a fragility index (FI) 
quantitatively defines the robustness of an RCT by shifting the number of participants in a trial into a 
different binary group in an effort to influence reported statistical significance (the lower the FI the greater 
the study fragility). The only available report on FI in diverticular management showed that in an eclectic 
range of RCT’s comparing intervention and non-intervention, two-thirds of the studies had an FI ≤ 1 where 
statistical recalculation using Fisher’s Exact test rendered one-quarter of previously positive studies non-
significant. Comparisons between studies and units are still dependent upon sample sizes and the numbers 
lost to follow-up even when some of the FI progeny (including a reverse FI, a fragility quotient dividing the 
FI by the sample size, or other incidence or generalized FI metrics) are utilized in assessment. Future 
analyses need to define all comparisons rather than cherry-picking examples where a p value approaches 
significance. Despite the fact that no FI value defines the strength of a RCT, its use attempts to link the 
reported p value with the sample size and the statistical power of the study. Positive findings in diverticular 
trials are then considered not so much definitive as rather provocateurs encouraging further similarly 
designed studies in different environments. Minimizing patient loss in treatment arms and reporting the 
reasons for drop-out, strictly adhering to randomization, consistent blinding, and group allocation 
concealment can all improve the logistical running of an RCT initially designed to evaluate some potentially 
important new treatment.
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Introduction
Coloproctologists increasingly rely on evidence-based approaches to address management dilemmas. Over 
the last decades, the surgical treatment of acute complicated diverticulitis and elective surgery for 
recurrent inflammation complicated by obstruction, fistulation, or paracolic sepsis has undergone a radical 
transformation. The Hartmann’s procedure (resection without primary anastomosis) has been considered 
the gold standard against which other operations and interventions are compared for the advanced 
emergency presentations of complicated diverticulitis. The last 2 decades have seen the advancement of 
resection with primary anastomosis performed either open or via minimally invasive (MIS) techniques and 
the use of a range of non-resectional procedures. Given the morbidity and mortality of the Hartmann’s 
approach (however performed), the decision-making for protective stomas and the problems encountered 
with stoma reversal as well as the fact that many patients never end up getting their stoma closed, a range 
of alternatives have been sought particularly in those patients presenting with purulent peritonitis [1]. In 
an environment where MIS confers a quicker overall recovery with less pain and reduced length of hospital 
stay this latter Hinchey grade III case has provoked the greatest level of controversy. Here there has been a 
move away from the surgical standard which has seen the rise of selective percutaneous drainage of 
localized collections, laparoscopic lavage, reduced antibiotic use, and a more observational stance 
compared with routine elective resection. This shift has in part been driven both by a better understanding 
of the natural history of acute inflammation when managed conservatively and by advances in MIS 
technology.

Recent data highlighted the morbidity associated with blanket stoma approaches, including impacts on 
quality of life (QoL), difficulties in stoma reversal (especially in older or comorbid patients), and 
subsequent functional impairment. High-resolution imaging, percutaneous technology, and MIS procedures 
including lavage and drainage, enabled a more tailored management of complex cases [2], leading to an 
overall downward trend in emergent surgery at the expense of an increased rate of elective colectomy [3]. 
For instance, patients initially managed with percutaneous drainage who subsequently present with 
recurrent diverticulitis tend to have a higher Hinchey grade and are twice as likely to require emergent 
surgery [4, 5].

In contrast, the controversy remains for Hinchey Grade III cases despite the conduct of a range of 
randomized controlled clinical trials examining alternatives to Hartmann’s procedure for perforative 
diverticulitis (Grade III and IV Hinchey). In some of these trials, new questions concerning management 
were raised. In the Laparoscopic Peritoneal Lavage of Resection for Generalized Peritonitis for Perforated 
Diverticulitis (LADIES) trial, patients were managed with a protective stoma (loop ileostomy) at the 
discretion of the surgeon with more patients in the primary anastomosis group who were ultimately stoma 
free [6]. This study also showed a distinct disadvantage in terms of mortality, other serious adverse events, 
and the need for surgical reintervention in those patients managed with laparoscopic lavage when 
compared with those undergoing a sigmoidectomy performed either as a Hartmann’s procedure or with a 
primary anastomosis. Similar conclusions on the management of Hinchey Grade III were reached by the 
results of both the DILALA trial comparing lavage with resection [7] although there was nearly a 50% 
reduction in the need for more operations in the laparoscopic group. This study reported, however, a small 
number of patients in each group and failed to show any reduction in either the rates of hospital 
readmission or mortality. Likewise, the SCANDIV trial comparing laparoscopic peritoneal lavage with 
primary resection in both Hinchey Grade III and IV cases [8] showed no difference in morbidity or mortality 
but there was a higher surgical reintervention rate in those managed with laparoscopy. Studies of this 
nature (and with expanded categories) need to be replicated. These studies gave a glimpse into the 
management of complex cases, providing the practising surgeon with a wider toolbox for these patients, 
which have been implemented into the ASCRS, SAGES, and ESCP published management recommendations 
[9–11] in recent years. The guidelines of these agencies have been formulated by committees under the 
approval of Boards of Governors with individual recommendations made periodically after systematic 
reviews and their assessment by multidisciplinary teams. Increasing emphasis has been placed on the post-
surgical QoL of these patients where the impact of bowel function in particular has been better categorized 
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in a way that can potentially influence surgical decision-making. In this respect, there has been a shift 
towards more of a case-based approach that takes into account the severity of an acute episode rather than 
offering a blanket procedure for younger patients who present with their second or third bout of acute 
diverticulitis [12].

In the elective setting, surgical decision-making is more tailored. Given that the severity of acute 
attacks of recurrent diverticulitis has a propensity to abate [13, 14] the stated aim of future surgery is to 
improve the health-related quality of life (HRQoL). In this regard, both the DIRECT [15, 16] and the LASER 
[17] compared conservative and surgical management (largely laparoscopic colectomy) in patients with 
recurrent acute diverticulitis showing an improvement in HRQoL in the operative groups. In the DIRECT 
trial, one-quarter of those managed without operation initially ended up opting for surgery by 6 months 
and almost half by 5 years. Although the HRQoL advantage was maintained in the operative group, this 
approach should be balanced against the overall complication rate (including anastomotic leakage) in those 
undergoing surgery. The findings in the LASER trial were similar however, this trial was prematurely 
terminated and reported comparatively small numbers in each group. While current evidence supports 
both emergent and elective surgical approaches under specific circumstances, the decision-making process 
still remains individualized.

How do we gain evidence and understand statistical significance: the 
fragility index in diverticular practice?
Given the infrequent nature of admissions of patients with acute complicated diverticulitis, most 
management data are retrospective involving small patient series. However, certain surgical environments 
enable inter-institutional cooperation for data pooling and the development of national guidelines [14, 18–
20]. The application of individual Societal recommendations is based upon the pyramid hierarchy of study 
types reported with greatest attention paid to randomized controlled trials (RCTs) and where there is an 
inverse relationship between the quality of evidence assigned and the risk of inherent bias [21]. The 
pyramid of evidence places RCTs at the highest level because of their strengths in randomization, blinding, 
and minimization of bias and confounding.

Our views of diverticular management have largely been swayed by our impressions of the significance 
of studies (as represented by reported p values) in trials where particular interventions would then lead to 
a dichotomous outcome (e.g., infection or no infection, survival or death, the need for surgical 
reintervention and so on). It is evident, however, that reported p values are in fact only rough quantitative 
guides to the strength of available evidence that a null hypothesis (namely that no differences exist between 
treated and untreated groups) would be rejected. In the diverticular disease setting, particularly if the 
sample sizes of a study are relatively small, such reliance on a blanket p value to guide management is of 
limited value.

Historically, it may come as no surprise that the original designer of the p value concept, the geneticist 
RA Fisher (1890–1962) was unable to readily explain the variable, setting the somewhat arbitrary cut-off 
for p at < 0.05 and insisting that the idea of its ‘significance’ was only an invitation to perform further 
clinical experimentation for further validation of the finding rather than as definitive proof [22, 23]. 
Although p values should still be given (even when approaching or approximating 0.05) they should also be 
accompanied by confidence intervals (CI) and an appreciation that there are potentially better measures of 
the strength of available evidence [24, 25]. Such misconceptions concerning the p value and concept persist. 
It is of relevance to appreciate that the assessment of scientific data based upon p values relies on an 
accurate discernment of false positives, with the risk that a publication so reporting may on occasion not 
necessarily advance the available evidence base. If inaccuracies in a trial were to exist, differences might be 
far too small to detect where it should be noted that the p value is not actually a signifier of the magnitude 
of an effect. Equally, the importance of a significant p value may be limited for clinically irrelevant 
endpoints. Studies may be so heterogenous in design and recruitment that even when they present 
statistical significance, they may have limited, if any relevant clinical significance.
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To address these limitations—and to help resolve the “crisis of replicability” in RCTs [26], Walsh and 
colleagues [27] devised the concept of the ‘fragility index’ (FI). This measure was designed to quantitatively 
describe the relative robustness of an RCT, defining it as the minimum number of study participants that 
would be required to change the significance of a reported outcome. Methodologically, the FI quantifies the 
minimum number of participant outcome changes (i.e., from event to non-event or vice versa) required to 
change a statistically significant result (p < 0.05) to a non-significant one using a two-sided Fisher’s Exact 
test. A low FI indicates that a trial’s outcome is highly susceptible to small changes, while a high FI suggests 
robustness. In those cases where no change in patient numbers is required to move from significance to 
insignificance, the FI = 0, and in many such trials (around 20%), which often consist of a small number of 
participants the use of a Fisher’s Exact test over a chi-squared analysis may shift the significance of the trial 
[28]. In such a case where there is chi-square and Fisher’s discordance since the chi-square analysis 
assumes larger sample sizes, trials can be rendered ‘non-significant’ without the need for changing the 
event/non-event ratios. The FI process involved therefore represents a form of sensitivity analysis 
delineating how many patients would be required to produce a different outcome.

Such FI analyses have been used extensively for systematic reviews of trauma and orthopaedic surgery 
assessing the outcomes of hip, shoulder, and knee arthroplasty [29–33] but also in urologic and 
gynaecological surgery [34, 35], renal transplantation [36], oncologic surgery of the head and neck [37] and 
in plastic surgery [38]. This approach has, however, achieved less success in the management of traumatic 
brain injury [39] and in specialized paediatric surgery [40].

It is accepted at the present time that no specific value of the FI is considered to confer robustness for 
any given RCT. In this regard, however, studies purporting to show significant differences but where the 
number of patients lost to follow-up exceeds the FI value must be viewed with suspicion. Application of the 
FI may be made in accordance with the structural elements of an RCT designed to determine causality 
where two identical groups have been fashioned and where one is subjected to the intervention under 
study. Observations pertaining to outcomes are then designed to be made between these experimental and 
control groups emphasizing the binary nature of results that lend themselves to the FI methodology.

In such trials, it must be conceded that the outcomes of unknown cases could seriously alter the results. 
In this regard about two-thirds of RCTs have an FI ≤ the total number of cases lost to follow-up [41], 
severely limiting study comparisons. Further, the assumptions we make concerning the p value of studies 
and their relationship to the FI can cause confusion with larger p values (i.e., those close to 0.05) which are 
considered fragile rather incorrectly, however, providing the impression that p is a measurement of the 
magnitude of any effect. This is an element over which p has no dominion [42, 43].

The mechanics of FI permit a conversion from significant to insignificant with fewer events. In an 
example, which could apply to diverticular management as well, if a treatment arm assessed events as 
adverse (e.g., infection) but as favourable in the control arm (e.g., hospital discharge) then a fragile study 
where the FI = 1 would just require one patient switch to change its significance and hence clinical 
importance. This issue becomes complicated if FI values are compared between studies because of the close 
connection between the FI and the sample size; an effect that is in part obviated by the use of the fragility 
quotient (FQ) where [44]:

FQ = FI
Sample size × 100

The FQ operates to compare study FI values where sample sizes differ by assessing proportions rather 
than cardinal numbers, and by altering the magnitude of fragility. However, it does not suggest that sample 
sizes must always be increased in some trials where a low FI can still represent a well-enough powered 
study. This issue is complicated since the expansion of a sample size beyond the projected power can create 
ethical issues where more controls can be placed at unnecessary risk (if there is a positive benefit from 
intervention) as well as increase the cost of an unnecessary part of a trial [45]. It should be accepted that 
smaller studies, no matter how well designed, tend to result in larger effects than larger trials and may 
therefore present particular characteristics that will make the findings less replicable [46]. There is in fact, 
therefore nothing to specifically link FI to the quality management of an individual RCT.
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Within this framework, sensitivity analyses are often reported in RCTs in order to examine changes in 
outcome with different assumptions about trial structure. This commonly compares an intention-to-treat 
analysis (where patients are assessed on the random allocation for a proposed treatment) as opposed to a 
per-protocol analysis (where patients are classified according to the treatment they actually received). The 
FI can be rightly criticized since it draws attention to one type of sensitivity analysis potentially at the 
expense of other logistic trial concerns and inherent flaws in the allocated populations at the 
commencement of any trial [47, 48]. This might suggest a misallocation of fragility to trials where it may 
not exist since in many studies power is not applied for secondary outcomes. An example of this type of FI 
misconception occurred in the recent World Hip Trauma Evaluation (WHITE5) trial comparing cemented to 
uncemented hemiarthroplasty for intracapsular hip fractures showing marked differences in HRQoL that 
favoured cemented prostheses but where there was no difference in perioperative mortality [49]. Given the 
low mortality in this trial in either group, power studies to assess this secondary endpoint would have 
required a study recruiting 4 times the number of patients actually enrolled to likely show any significant 
difference in death rates. This type of criticism of an RCT based upon FI reliance is as much a criticism of the 
null hypothesis method as anything else. Where events are uncommon (an anastomotic leak, an intra-
abdominal collection, a fistula, etc.) a single change by one patient can have a profound effect on the 
impression of trial validity.

In the first assessment of the FI in colorectal surgery reported by Nelms et al. [50] using a series of 
MeSH terms for colorectal and anorectal surgery and the ASCRS Textbook of Colon and Rectal Surgery as a 
guideline, prospective RCTs between 2016–2018 were analyzed. The authors included trials with 
dichotomous outcomes in paradigmatic areas of coloproctology (perioperative/endoscopy, anorectal 
disease, malignant disease, benign disease, pelvic floor disorders, etc.) and exclusion of trials with non-
inferiority design. Using the Walsh methodology of addition and subtraction of events to non-events and 
recalculating the p value with Fisher’s testing until it reached non-significance, the authors showed that the 
majority of colorectal studies across a broad range of intra-specialty disciplines had a low FI (median FI = 3 
derived from 90 separate trials). Furthermore, in over half the studies (57%) cases lost to follow-up 
exceeded the FI derived, throwing much of coloproctological literature into the realm of doubt concerning 
both its veracity and its replicability. Importantly, the probability of a false finding by any RCT (the false 
discovery rate or FDR) is not measured by the p value as such.

Currently, the only available report of the FI in diverticular management is a recent study by 
McKechnie et al. [51] examining RCTs of both surgical and medical management protocols conducted 
between 2010–2022, with parallel superiority formats that compared an intervention arm with either non-
intervention controls or with placebo-managed groups. Such studies included comparisons of primary 
anastomosis vs. a Hartmann’s procedure in Hinchey grade III and IV peritonitis, laparoscopic lavage vs. 
resection in acute diverticular peritonitis, MIS elective colectomy vs. observation for a first attack of acute 
complicated diverticulitis (and for cases of first recurrence of diverticulitis) and open vs. laparoscopic 
colectomy for symptomatic diverticulitis. In their report of this eclectic mix of diverticular papers, there 
were 15 RCTs incorporating 1,434 patients managed with both complicated and uncomplicated diverticular 
disease. Two-thirds of trials had an FI = 0 or =1 where the recalculation with Fisher’s test rendered one-
quarter of the studies (some of which used Kaplan-Meier methodology and log-rank regression analysis), 
completely insignificant. Moreover, in half the studies the number of patients lost to follow-up exceeded the 
modified FI value. There was no effect of the year of publication, the impact factor of the published journal, 
or any calculated risk of bias. The FI values in this study remained low in recently published analyses, those 
where the sample size exceeded 100, those where the drop-out or loss-to-follow-up rate was < 5%, those 
where there were > 30 events, and studies which were industry-run. This first and only fragility study in 
diverticular management RCTs means that most would only need one patient to switch group outcomes to 
lose significance and clearly proposes that much of the current diverticular literature concerning 
management is fragile. The only recommendations made by the group to improve the robustness of the 
trials were the need to increase sample sizes and to ensure the retention of trial participants. In the context 
of emergency surgery for perforated diverticulitis, particularly for Hinchey III disease, this might be 
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another testimony to the slow adoption of novel surgical techniques such as primary resection with 
anastomosis or laparoscopic lavage compared with the Hartmann’s procedure which is still by far the most 
common procedure for this condition.

Limitations of the FI: implications in coloproctology
While the FI provides a useful sensitivity analysis, several limitations must be recognized. Alternative 
indices include the reverse FI (rFI), the FQ, the incidence FI (FIq), and the generalized FI (GFIq) each of 
which has been developed to overcome some shortcomings of the original FI [52]. The rFI modified by Khan 
et al. [53] calculates the minimum number of participants needed to have a different outcome for the 
endpoint to change from insignificant to significant amongst the group with the least number of events and 
modifying the events to non-events in an algorithm that reverses that used by Walsh [27]. The FQ, 
previously discussed in the chapter [44], has been employed to obviate the effect of sample size where a 
low FQ reflects a robust trial. This provides a measure of study vulnerability and a means of comparing 
studies because of the standardized scale of the FQ, where groups undergoing the same intervention have 
widely differing sample sizes [54]. Tables 1 and 2 show the metrics and their basic definitions as well as 
examples of the effects and importance of small or large sample sizes on the different indices used. Table 3 
shows the calculation method of the indices. The FIq permits the analysis of only sufficiently likely 
outcomes for specialized trials using a reverse FI methodology, although it is accepted that the line between 
likely and less likely outcomes imposes its own limitations, particularly if an outcome has probability one 
meaning that reversal of significance becomes impossible [55]. A GFIq is an attempt to generalize the FI 
beyond a 2 × 2 contingency table and to extend its use beyond dichotomous outcomes and into situations 
where the sample size is not fixed, or where there is no fixation of either the allocated management groups 
or outcomes. These attempts to extend the FI surrogate instrument beyond dichotomous outcomes to 
continuous scales (such as visual analogue scales or HRQoL) or to events that are time-dependent (such as 
survival analysis) have not been applied yet to diverticular management [56, 57].

Table 1. Basic definitions of fragility indices

Metric index Basic definition

Fragility index (FI) The minimum number of event reversals (from non-event to event) required to change a 
statistically significant result to non-significant (p > 0.05).

Reverse fragility index (rFI) 
[52]

The minimum number of event reversals needed to turn a non-significant result (p ≥ 0.05) into 
a significant one (p < 0.05).

Fragility quotient (FQ) [44] The FI is divided by the total sample size.
Incidence fragility index (FIq) 
[52]

The FI normalized by the control group event incidence rate, making fragility comparable 
across trials with different event rates.

Generalized fragility index 
(GFIq) [52, 57]

A composite fragility metric incorporating both increases and decreases in event occurrences, 
allowing a broader assessment of study robustness.

Table 2. Effects and importance of smaller and larger sample sizes on different fragility indices

Index Small sample effect (example) Large sample effect Explanation and importance

Fragility index 
(FI)

A small RCT with 50 patients 
shows that Drug A is 
significantly better (p = 0.04). 
Changing 2 non-events to 
events makes p > 0.05 where 
FI = 2.

A large RCT with 1,000 patients 
shows that drug B is significantly 
better (p = 0.04). Changing 15 
non-events to events makes p > 
0.05 where FI = 15.

In the small trial (FI = 2), a tiny change in 
outcomes alters significance, meaning 
that the results are fragile.

In the larger trial (FI = 15), the results 
are more robust since more changes are 
needed in order to affect significance.

Reverse 
fragility index 
(rFI)

A trial with 60 patients shows no 
significant difference (p = 0.07). 
Adding 3 new events to the 
treatment group makes p < 0.05 
where rFI = 3.

A large trial with 1,200 patients 
shows no significant difference 
(p = 0.07). Adding 20 new 
events to the treatment group 
makes p < 0.05 where rFI = 20.

The small study (rFI = 3) is close to 
significance, requiring just 3 event 
reversals. The large study (rFI = 20) 
needs a much bigger shift, showing 
greater confidence that no real effect 
exists.
In the small study only 1.5% of the 
participants changing their outcome can 
alter significance. In the larger study an 

Fragility 
quotient (FQ)

A study with FI = 3 and sample 
size = 200 results in an FQ = 
0.015 (1.5%; 3/200).

A study with FI = 20 and sample 
size = 2,000 results in an FQ = 
0.01 (1%; 20/2,000).
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Table 2. Effects and importance of smaller and larger sample sizes on different fragility indices (continued)

Index Small sample effect (example) Large sample effect Explanation and importance

FQ = 1% is consistent with greater 
stability.

Incidence 
fragility index 
(FIq)

A trial with an FI = 5 and a 
control group event rate = 10% 
(15/150 patients), results in an 
FIq = 0.33 (33%; 5/15).

A larger trial with an FI = 30 and 
a control group event rate = 12% 
(360/3,000 patients), results in 
an FIq = 0.083 (8.3%; 30/360).

In the small study a significant portion of 
the control group 

must switch outcomes to change the 
significance. In the larger trial the result 
(8.3%) is more reliable across different 
event rates.

Generalized 
fragility index 
(GFIq)

A study with an FI = 4, an rFI = 
3, a sample size = 250, and a 
control group event rate = 12% 
(30/250) uses both the FI and 
rFI to generate a GFIq.

A study with an FI = 18, an rFI = 
15, a sample size = 5,000, and a 
control group event rate = 10% 
(500/5,000) results in a more 
stable GFIq.

The small study has a lower GFIq, 
meaning both FI and rFI are low, making 
the results less stable. The large study’ 
has a higher GFIq demonstrating more 
resilience to statistical shifts.

Table 3. Summary of index calculation

Metric index Calculation

With a events in Group 1 (total patients = a + b) and c events in Group 2 (total patients = c 
+ d).

Where hypothetically:
Event Non-event

Group 1 a b
Group 2 c d
When FI is positive patients are moved from a non-event to an event in Group 1. When FI 
is negative patients are moved from an event to a non-event in Group 1. Changing 
outcomes preserves the number of patients in each group. FI is based on the number of 
changes required to render the p value ≥ 0.05.

Where the hypothetical data structure is as:
Event Non-event

Group 1 a + f1 b – f1

Fragility index (FI)

Group 2 c + f2 d – f2
Reverse fragility index (rFI) Choose the group that has the fewest number of events and then change the events to 

non-events to render statistical significance. The total number of outcome changes = the 
rFI.

Fragility quotient (FQ) The FQ is a relative measurement calculated by division as:
Absolute FI

Total Sample FI

Incidence fragility index (FIq) FIq is such that any probability q ∈ [1,2] = the minimum number of changes in patient 
outcome with a probability of at least q in order to reverse statistical significance. This 
permits only sufficiently likely modifications according to the likelihood threshold value of 
q.

The minimum modifications are then:
min
fi,f2

 ∈ Z | f1 | + | f2 |

(based on hypothetical tables above)
Generalized fragility index (GFIq) To generalize the data set:

Where there are n samples (and Y1–Yn observations), a significant (< 0.05) t-test 
becomes:

lim
Y1→∞

n(Y− − 0)/S = n−1/ (1 − n−1) / (n(n − 1)) = 1

For all modifications with Y as the sample mean and S the SD.

In each case, the one sample t-test =1 (i.e., it is not significant) at the a = 0.05 level for 
any sample size [52].

Those trials where a p value is set at 5% or less have a measurable FDR (what most refer to as the error 
rate) which is calculated as [58]:
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No. of false positives
No. true positives + No.false positives

There is an inverse relationship between this FDR and the positive predictive value (PPV) since the 
FDR = (1 – PPV).

Concerning this point, David Colquhoun [59] has renamed this FDR the ‘false positive risk’, opining in 
1971 that “the function of significance tests is to prevent you from making a fool of yourself, and not to 
make unpublishable results publishable”. Low FI values could be offset by increasing the sample size 
beyond the requisite p value to account for unforeseen circumstances, creating in effect a fragility buffer 
which enhances the likelihood of reproducibility [60, 61]. Even well-designed RCTs can experience an 
unexpectedly high drop-out rate resulting in a high baseline risk of a falsely large effect since the FI 
obtained competes with the fidelity of patient blinding and the concealment of group allocation along with 
the level of participant retention [27, 62, 63]. In diverticular disease, for example, many emergency cases 
are performed outside routine workday hours which might impose a difficulty in recruiting patients due to 
a lack of resources. Attempts to resolve the fragility of p have been made by Quatto et al. [64] in introducing 
a strength index (SI) or a ‘strength concept’ where changes from an event to a non-event (and vice versa) 
would have an equivalent probability of occurring in this setting so that the greater the SI the greater the 
trial reliability (and hence the reliability of p), Clearly, however, the arbitrary nature of the p threshold 
defines the false positive and negative rates expected.

Those smaller trials where sample size is an issue could formulate a likelihood ratio (LR) or a 
likelihood FI (LFI) which could be described as the minimum number of conversions necessary in a small 
group that would permit the LR to reach or exceed the designated LR. In broad terms for future analyses of 
results, our approach needs to be based on Bayesian theorems rather than on current probability analyses. 
Although this is somewhat of an old argument concerning statistical significance of results, it has only 
recently been redressed in light of the appearance of the FI in its various guises. The Bayesian approach is 
an alternate statistical paradigm where given the observed results of a trial, a prediction could be made as 
to whether the hypothesis itself is likely to be true or false. In a sense, this ancient statistical argument then 
would favour the inverse of the traditional null hypothesis testing (the so-called frequentist view of 
probability) that coloproctologists are so used to reading. However, it remains to be seen whether this 
approach will create less skepticism than the customary p value [65].

Conclusions
Trials addressing specific questions in diverticular disease often face challenges in reproducibility and 
generalizability. Therefore, it is no surprise that trials concerning very specific questions as they pertain to 
diverticular disease can often be viewed with skepticism and may not effectively guide management 
because they are not in essence replicable. Factors such as incomplete randomization, inadequate blinding, 
and selective reporting can all contribute to fragile findings. These ideal worlds in publication given the 
pressures to publish (even when there are no nefarious elements introduced into the process) do not exist. 
At the very least, the likelihood that a difference in effect has been demonstrated as wrong occurs anywhere 
from between one-third to one-half of cases [58, 66, 67]. It behooves us to ensure that future studies are 
drawn from wider multi-institutional participation with the highest possible standards of randomization, 
increasing sample sizes where possible to enhance power and to try (at least) to diminish the false 
discovery rate. Despite the best will in the world, it can be appreciated that the pressure on selective 
reporting, can skew publications towards positive results and must affect our concepts of management 
[68].

When we use an FI we are reapplying some of the concepts we presume when using p values, except 
that in the case of p we examine the way that different outcomes statistically impact these distributions. 
With FI on the other hand we are semi-quantitatively examining the effect of different outcomes [52]. One 
statistical trick to enhance the value of a publication will be to reduce the arbitrary p value to a much more 
rigorous standard (e.g., p < 0.001). Another will be the avoidance of cherry-picking of attributes in a study 
from a range of variables that have been examined but where the p values approach significance. Here it is 
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wiser to report everything in supplemental appendices along with the routine publishing of confidence 
intervals [69]. As suggested by Wasserstein in a position paper by the American Statistical Association, the 
greater the transparency of the reported data, the greater a healthy suspicion will be engendered in the 
data assessment [70].

The collaborative approach within countries of specific diverticular problems and their management 
will also make the future brighter for study inclusion and consideration within meta-analyses [63, 71]. In 
this regard, a group of Israeli colorectal surgeons began in 2009 to pool results from 6 major University-
affiliated teaching hospitals initially to document the incidence of emergency diverticulitis surgery and the 
morbidity and mortality of Hartmann’s reversal [20, 72, 73]. This group has expanded the organization to 
trial MIS approaches and to follow the optimal timing of stoma closure [19, 74, 75]. It is accepted that the FI 
is far from perfect and for the moment we are stuck with it. At worst it may be no better than a p value if we 
do not understand its meaning. At best, it is an intuitive modality designed to decipher how small some 
changes might be needed for the entire outcome of a trial to be adversely affected. The FI links the reported 
p value to the sample size and to the statistical power of a study, but only loosely. It does, however, 
reinforce the need to try the trial over again in one’s home territory as it were. But we know that the FI too 
does not have a validated threshold that would define a study as robust. Indeed, as others have asked, how 
robust is robust? And how fragile is fragile?

If we are to use the FI we must understand its limitations and not simply transfer the abuse of p to a 
misapplication of FI. Large FI values do not always mean that results are decisive and small FI values do not 
always imply that results are inconsequential [76] or even that an RCT has been poorly conducted. For 
example, demonstrating an FI of 0 or 1 raises serious concerns that such a study needs to be repeated with 
larger numbers before influencing therapy even when other parameters like the 95% CI reported are 
relatively tight. But this issue can be complicated at times. It can be more useful to note the low FI of a 
particular study where the lower boundary of a CI is close to the null value regardless of a high sample size. 
In this circumstance, one can be more confident of a treatment effect notwithstanding some small number 
of participants when the CI is well away from the null value, and when the corroborative FI is high, the 
measured event is prevalent and the statistical power is appropriate for that event. Simulations of such 
trials can be useful as has been done in cardiovascular trials where Yusuf et al. [77, 78] have suggested that 
a minimum of 650 events would be needed to be confident about a true effect. Although its value is 
unproven, the FI is easily understood. The strength of an RCT is reliant upon its sample sizes, the magnitude 
of any effect, and its confidence intervals, rather than upon any single integer that may well have been 
derived from a hypothetical trial that has not occurred. In practical terms, an understanding of an FI as it 
pertains to a particular field of surgery or a discrete intervention will likely assist in the design of future 
RCTs as well as in discerning the value of Societal recommendations of management. For the jobbing 
surgeon, it is only in this sense that the FI adds a more questioning eye to the meaning of the p. Since there 
is a close relationship between the FI and the p value it is not surprising that those studies where p lies just 
below 0.05 are fragile. For these studies we need not necessarily apply an FI at all. But if we read studies 
which are not threshold significant, they need to be repeated perhaps with larger samples and with more 
rigour. An RCT that barely meets the power of the study with a borderline p value and a low FI are all 
indications taken in combination that permit us to adjudicate a trial more shrewdly and to reserve 
judgment on its value. All of this is a package of decision-making on the value of data. Nothing is the final 
integer of arbitration. Along with the p value and the FI one should examine the design of the RCT, the 
response rates, the sample sizes, the confidence intervals, the patient numbers, and any reasons for their 
dropout [79].

Future application of more quantitative approaches towards the FI could also prove more valuable. 
Grimes has recently described what he calls the ‘ellipse of insignificance’ using the geometry of chi-square 
testing to grade error and to directly describe the imperfections of sensitivity and specificity analyses [80]. 
Graphs are created as vectors of a simple right-angled triangle with resolution of these lines in 
experimental and control directions to provide a dmin which is a theoretical minimum number of miscodings 
needed to alter significance. The more manipulative interventions an outcome can withstand (both in the 
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treatment and the control arms of a trial, without an effective change in the results), the greater the 
strength of the trial. Such an approach is an advantage over conventional FI measurement providing an 
analysis metric for very large data sets which can consider changes to both arms of a trial concurrently. Of 
course, even this new metric cannot comment on patients who are lost to follow-up during the trial or 
where extreme datapoints have been removed by researchers [54, 62, 81].

It is further appreciated that the very design of some RCT’s is ‘fragile’ in the sense that new treatments 
may be limited in their exposure to participants in an effort to avoid harm. Whether by design or not, the 
initial studies of laparoscopic lavage in acute Hinchey Grade III peritonitis were small and needed to 
balance unknown safety outcomes with the size of the sample. In any RCT, many factors contribute to 
patient loss, but the more of these we can control, the greater the validity of the trial. The more dropouts we 
discover in an RCT, the greater the chance that some sort of effect for a given treatment might be 
erroneously found. In the future, RCTs in colonic diverticular disease could include loss of follow-up 
information that is stratified by the treatment arm [60] with a reverse FI utilized in those trials initially 
showing non-significant findings. The point here is that the logistics of the trials we examine really do 
matter. Most notably, the strict adherence to randomization, the blinding and concealment of group 
allocation, the efforts made to retain participants, and the like. As mundane as they may seem, nevertheless 
all these operational and governance details are important. As diverticular disease management has 
undergone such radical philosophical shifts in the last 2 decades or so, we can only consider trials as on par 
currently with best-recommended practice and nothing more than commensurate with published Societal 
principles and expert panel guidelines. In an age where the public trust in science has been somewhat 
shaken, we can use new parameters of comparison even if on occasion in this fluid environment we end up 
finding that today’s best concept is tomorrow’s flat earth doctrine.
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