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Randomized clinical trials (RCTs) represent the paradigm of

Evidence-Based Medicine (EBM) and are the primary methods

used to evaluate the efficacy and safety of treatment studies.

Additionally, they constitute the primary support for testing

causality in interventions. Randomization and its conceal-

ment, both for researchers and trial participants, are the

primary tools used to avoid biases. However, RCTs present

some limitations, particularly those conducted during sur-

gery.1 One of the main problems in the correct interpretation

of results is the loss of participants during the process.

Different approaches such as protocol and intention-to-treat

analyses have been proposed to overcome these difficulties.

The external validity of these studies may be compromised by

some factors, including professionals (varying degrees of

competence in the aspect of study), participants (difficulty in

selecting them), and intervention (most RCTs are conducted in

third-level centers with experience that is difficult to

extrapolate to other settings). In the field of surgery, RCTs

present some more specific problems, including variations in

surgical technique, learning curve, and comparison between

study groups (patients with previous surgeries?) and difficulty

in blinding the treatment performed (for both professionals

and participants).2

Traditionally, P-values have been used to determine the

statistical significance between two or more options in

RCTs. This methodology has been criticized for not

providing the strength of the associations and reducing

their clinical importance. To overcome these deficiencies,

most scientific journals require the incorporation of other

statistics, such as relative risks, odds ratios, and confidence

intervals, which help determine the true size of the effect

achieved. For an average reader, these tests are not easy to

interpret, and other metrics have been designed to facilitate

the task. The number needed to treat (NNT) and number

needed to harm (NNH) are two tools that provide a simpler

and more practical response to interpreting the results of

RCTs.

In recent years, new tools have appeared to evaluate RCTs

more intuitively and make decisions about their fragility or

robustness. These included the Fragility Index (FI), Reverse

Fragility Index (RFI), Fragility Quotient, Reverse Fragility

Quotient (FQ and RFQ), and Susceptibility Index (SI).
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Fragility Index, Fragility Quotient and
Susceptibility Index

FI is defined as the minimum number of outcomes of a trial

that would need to be changed to reverse statistical signifi-

cance.3 This test can only be used in RCTs with a dichotomous

outcome (death or no death, recurrence, or no recurrence) and

a significant P-value (P < .05). In practice, FI is the number of

‘‘no events’’ in the experimental group with the smallest

number of events that should be changed to ‘‘event’’ to change

the P-value to >.05 without modifying the total number of

participants (using Fisher’s exact method).

Let us now examine an example. One trial compared two

treatments: A (experimental group) and B (control group). The

sample size of the study was 50 participants. In group A, there

were 2 recurrences out of 25, and in group B, there were 9

recurrences out of 25 with a P-value of .037 (Fisher’s exact test),

which was statistically significant. If we increase the number

of events in group A from two to three, the P-value would be

.095, and therefore, significance would be lost. It can be

concluded that the FI is 1. The smaller the FI value, the more

fragile the study. A cutoff point defining the degree of fragility/

robustness of a trial has not yet been defined, but studies with

FI < 3 are usually considered fragile.

The sample size has a significant influence on the external

validity of a randomized controlled trial, and the Fragility

Quotient (FQ) has been defined by dividing the FI by the sample

size.4 In our example, it would be 1/50 (0.02). The interpre-

tation is in terms of the number of patients per 100. In other

words, in our example, a 2% change in the results of the study

would rule out the superiority of Treatment A.

Given that FI is the minimum number of events that

would change the significance, it is crucial to consider the

value of lost patients during the study. Furthermore, if the

number of patients lost is equal to or greater than the FI, the

study can be considered fragile. This new concept has been

incorporated into the Susceptibility Index.5 Its calculation

follows the following formula: SI = (number of lost patients–

FI)/(number of lost patients). Higher values indicate that the

results are highly susceptible to alteration by the number of

patients lost during follow-up and facilitate comparison

between studies.

Reverse fragility index and reverse fragility
quotient

As already mentioned, FI can only be used in RCTs that have

demonstrated the superiority of one treatment over another.

However, what happens in trials in which statistical

significance is not achieved (P > .05)? Recently, the RFI has

been described, which is calculated in a similar way as the FI,

subtracting events from the group with fewer events while

adding ‘‘no events’’ to the same group, maintaining the total

number of participants until the P-value was <.05.6 Its

interpretation is very similar to that of FI. A low RFI value

indicated a weaker or more fragile trial. Its Rverse Fragility

Quotient (RFQ) was also designed, which was calculated as

the QF, that is, by dividing the RFI value by the sample size,

and whose interpretation is the same as the fragility

quotient.

An index of susceptibility has not yet been published or

validated for studies with a P-value of >.05.

The development and validation of a susceptibility index

for studies with a P-value >.05 has not yet been published.

Limitations and strengths of FI, RFI, FQ, RFQ

All indices discussed can only be used in studies with binary

outcomes and a 1:1 design. Therefore, they cannot be used in

trials that compare three or more treatments or continuous

variables (e.g., pain scales). Additionally, they did not provide

information on the clinical significance and importance of

these differences.

However, these new tools are useful and intuitive measu-

res that allow for the evaluation of RCTs and comparisons

between them. Moreover, they can be applied to meta-

analyses, where they can substantially change the conclu-

sions.

How to the calculate simply

To perform these simple calculations, any spreadsheet (Excel,

etc.) or statistical software (SPSS, STATA, SAS, R, etc.) can be

used to construct a 2 � 2 contingency table (two study groups

and two outcomes). The change in statistical significance was

determined using Fisher’s exact test. In cases where the

authors of the study used x2 and a P-value of <.05, sometimes

the exact Fisher test results in a P-value of >.05. In these cases,

the FI was 0.

For interested readers, there is a website that automatically

calculates the FI (https://clincalc.com/Stats/FragilityIndex.

aspx). Additionally, R software has a specific package for

performing all the calculations described in this paper (R

software version 4.2.2, R package Fragility Index).
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