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ABSTRACT

Objectives: The American Academy of Otolaryngology-Head and Neck Surgery

regards randomized controlled trials as class A evidence. A novel method to determine the robustness of outcomes in trials is the fragility index. This index represents
the number of patients whose status would have to change from a non-event to an event to make a statistically significant result non-significant.

Methods: Investigators included otolaryngology journals listed in the top 10 of one or both of Google Scholar Metrics and Clarivate Analytics' Journal rankings. For
inclusion, a randomized controlled trial needed to report a one-to-one random assignment of participants to condition, contain two parallel arms or have used a two-
by-two factorial design, and report at least one statistically significant dichotomous outcome.

Results: Sixty-nine trials met inclusion criteria. The median fragility index was three events (interquartile range 1-7.5). Median sample size was 72 (interquartile
range 50-102.5). Modest correlations were observed between fragility index and total sample size (r = 0.27) and fragility index and event rate (r = 0.46).
Investigators found no correlation between fragility index and impact factor or Science Citation Index. In 39% (27/69) of trials, the number lost to follow-up was
equal to or greater than the fragility index.

Conclusion: A median fragility index of 3 indicates that three people, on average, are needed to alter the outcomes in otolaryngology trials. This indicates that the

results of two-group randomized controlled trials reporting binary endpoints published in otolaryngology journals may frequently be fragile.

1. Introduction

Randomized trials are regarded as the gold standard in clinical re-
search and have played an important role in developing recommenda-
tions for clinical practice guidelines. Of the American Academy of
Otolaryngology-Head and Neck Surgery's 16 current practice guide-
lines, 9 state that randomized trials are considered class A evidence
[1-9], whereas 7 regard them as class B evidence [10-16]. Re-
commendations such as the prescription of oral steroids to patients with
Bell's palsy [4], diagnosis of idiopathic sudden sensorineural hearing
loss based on audiometric results [8], prescription of antimicrobials to
patients with acute otitis externa [3], placement of tympanostomy
tubes for otitis media with effusion [5], and indications for tonsil-
lectomy [9] are all underpinned by randomized trials, attesting to their
importance. Since these trials form the basis for such recommendations,
it is imperative that their results be robust. Here, the authors propose
the fragility index (FI) as a mechanism to determine the robustness of
results from randomized trials that form the foundation of guideline
recommendations.

The FI is a tool used to determine the robustness of statistically
significant dichotomous outcomes [17]. This index represents the
number of patients whose status would have to change from a non-
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event to an event to make a statistically significant result non-sig-
nificant. Conversely, the FI can be applied to nonsignificant trials by
calculating the number of patients who do not develop the outcome of
interest required for the trial outcome to become statistically sig-
nificant. A small FI indicates that a statistically significant outcome
relies on relatively few individuals. Whereas, a large FI relies on a
greater number of individuals, making it a more robust outcome. For
example, in one randomized trial, patients undergoing total lar-
yngectomy received either proton pump inhibitors or placebo with the
intent to decrease the incidence of pharyngocutaneous fistula. One of
the 21 patients receiving proton pump inhibitors developed a phar-
yngocutaneous fistula, while 6 of the 19 patients receiving placebo
developed a pharyngocutaneous fistula. The authors reported a statis-
tically significant outcome with a P value of 0.04 [18]. Therefore, the
study's results would have been deemed non-significant had only one
additional patient in the proton pump inhibitor group developed a
pharyngocutaneous fistula. Thus, for this outcome, the fragility index is
one event.

Given the widespread acceptance of randomized trials for clinical
decision making, a method should be adopted to determine the ro-
bustness of trials. This study's primary goal is to estimate the robustness
of statistically significant otolaryngology trials using the FI. The
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secondary outcomes are to investigate the relationship between the FI
and the Science Citation Index, impact factor, total sample size, and
event rate.

2. Methods

This study was not subject to institutional review board oversight
since it did not meet the regulatory definition of human subject re-
search as defined in 45 CFR 46.102(d) and (f) of the Department of
Health and Human Services' Code of Federal Regulations [19]. The
investigators applied relevant Statistical Analyses and Methods in the
Published Literature (SAMPL) guidelines for reporting descriptive sta-
tistics [20].

2.1. Journal selection

The investigators retrieved journal rankings from both the Clarivate
Analytics' Science Citation Index (previously a resource of Thomson
Reuters) and Google Scholar Metrics: Otolaryngology subcategory. To
qualify for inclusion, a journal must have been listed in the top 10 of at
least one of these ranking systems. Investigators gave preference to
general otolaryngology journals above sub-specialty journals during
selection. Table 1 shows a breakdown of the journals used for this study
and the number of articles from each.

2.2. Eligibility criteria

The investigators included randomized trials published between
2011 and 2016. To qualify for inclusion in this study, the trial had to
report a 1:1 random assignment of participant to condition, contain
either two arms or have used a two-by-two factorial design, and report
at least one statistically significant dichotomous outcome (P < 0.05).
The investigators included both primary and secondary outcomes.
Crossover designs, trials with more than two arms, and cluster trials
were excluded.

2.3. Search strategy

Two investigators (MV and MS) conducted a search of PubMed,
which includes Medline, to identify randomized trials. To conduct their
search query, they applied the Cochrane Collaboration's Highly
Sensitive Search Strategy for Identifying Randomized Trials in Medline:

Table 1
Characteristics of randomized controlled trials meeting full text criteria
(n = 69).

Characteristic Studies
(W] (%)
Year of publication
2011 11 16
2012 10 14
2013 15 22
2014 7 10
2015 16 23
2016 10 14
Journal
Laryngoscope 12 17
Clinical Otolaryngology 1 1
Otolaryngology: Head and Neck Surgery 14 20
Ear and Hearing 2 3
European Archives of Oto-Rhino-Laryngology 16 23
International Journal of Pediatric Otorhinolaryngology 11 16

JAMA Otolaryngology: Head and Neck Surgery 5 7

Head and Neck 7 10
Hearing Research 1 1
Journal of the Association for research in Otolaryngology 0 0
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Sensitivity- And Precision-Maximizing Version (2008 revision);
PubMed format [21]. The final search query is in the online supple-
ment. The search was conducted on March 2, 2017.

2.4. Screening by title and abstract

Two investigators (MV and MS) reviewed the inclusion criteria to
help improve the consistency of the screening process. The initial 10
abstracts were reviewed jointly as a training exercise. Each abstract was
discussed, and a decision was made regarding its suitability for inclu-
sion in the study. The investigators were in agreement regarding the
screening of these studies, so MS screened the remaining abstracts
based on several criteria. Trials were included based on the previously
mentioned inclusion criteria.

2.5. Full-text screening and data extraction

Two investigators (MS and DT) performed simultaneous full-text
screening and data extraction. Before beginning this process, they met
to extract data from five trials as a means of pilot testing a Google form
developed specifically for this study. The remainder of records was
divided evenly between them.

Records retained from the title and abstract screening were re-
viewed by these investigators using the full-text published report. Trials
without dichotomous outcomes, or cases in which the dichotomous
outcome was not statistically significant, were excluded. If primary and
secondary dichotomous outcomes were found, the investigators ex-
tracted the primary outcome. In the case of multiple dichotomous and
statistically significant primary outcomes, secondary outcomes, or un-
specified outcomes, we followed the methodology of previous studies
[22,23] by using the GRADE Network's approach [24] to identify the
most patient-important outcome. To apply this method, a board-certi-
fied otolaryngologist (TH) independently reviewed the outcomes in
question, rating them from 1 (low importance for decision making) to
10 (critical for decision making). The outcome with the highest rating
was used. If the study included multiple significant outcomes of the
same variable, the variable that occurred first temporally was used. In
studies that compared two widely accepted modalities, the modality
that was developed first was considered the control, and the newer
modality was considered the intervention.

For qualifying trials, the investigators extracted the following in-
formation using a Google form, developed and pilot tested specifically
for this study: journal name, year of publication, funding source, sample
size for each group, number lost to follow up for each group, the di-
chotomous outcome, the type of outcome (primary, secondary, tertiary,
unspecified), number of events per group, P value, statistical test used
for group comparison, journal impact factor, and Science Citation Index
for the trial.

2.6. Risk of bias evaluation

Two investigators used the Cochrane Risk of Bias tool 2.0 (RoB 2.0)
to evaluate the likelihood and sources of bias in the included trials.
Details describing the new risk of bias tool can be found at the Cochrane
Training website [25].

To perform the RoB evaluations, MV, DT, and CF read the test
manual for RoB 2.0 and viewed the Cochrane Collaboration training
videos. They held a series of training sessions to evaluate a subset of
trials and discuss each bias judgement in depth. This training was
structured to be consistent with da Costa et al.'s intensive risk of bias
training [26,27], which improved interrater reliability over other
training methods. Following these training sessions, DT and CF in-
dependently evaluated three additional trials. Results were compared
and discrepancies discussed until resolution was achieved. All trials
were independently evaluated by DT and CF, after which the two in-
vestigators met to resolve discrepancies. MV was available for third-
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party adjudication but was not needed.

2.7. Data analysis

Descriptive statistics, including medians; interquartile ranges; and
correlations with variables such as total sample size, event rate, five-
year impact factor, and Science Citation Index, were calculated using
Microsoft Excel. The FI for each study was calculated using the fragility
calculator located at www.fragilityindex.com. The FI formula converts
one patient from a non-event to an event in either the control or ex-
perimental group. It selects the group with the smaller number of
events. Then it recalculates a Fisher's exact test until the P value is
greater than or equal to 0.05. The fragility quotient (FQ) was calculated
by dividing the FI by total sample size. A one-way ANOVA was con-
ducted to compare the effect of overall risk of bias on FI in low,
medium, and high risk of bias groups.

3. Results
3.1. Study selection
The PubMed search returned 1090 records. After abstract screenings

and full-text reviews, investigators retained 69 studies (Fig. 1). Table 1
details the included trials by journal and year.

Records identified
through database
searching
(n =1090)

:

Abstracts screened
(n =1090)

A 4

Full-text articles
assessed for eligibility
(n = 220)

v

Studies included in
analysis
(n =69)

Cross-sectional = 43
—p
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3.2. Characteristics of trials and risk of bias

The median sample size of randomized controlled trials (RCTs) was
72 (interquartile range, IQR, 50-102.5), and the median lost to follow-
up was 0 (IQR 0-2). The median Web of Science Citation Index for
included trials was 4 (IQR 1-9), and the median journal impact factor
was 2.089 (IQR 1.63-2.45). Of the 69 outcomes, 55 (80%) were pri-
mary and 14 (20%) were secondary. Table 2 details risk of bias across
the trials. Overall, 30 of 69 (43.5%) trial outcomes received low risk of
bias judgements. The randomization process had the greatest likelihood
for bias, owing to a lack of concealing the allocation sequence until the
patients were recruited and assigned to interventions. (See full results
in Table 2.)

3.3. Fragility index and fragility quotient

The median FI for the included 69 trials was 3 events (IQR 1-7.5;
Fig. 2). The median FI for primary outcomes was 3 (IQR 1-8), and the
median FI for secondary outcomes was 1.5 (IQR 0.75-3.75). Applying
the Fisher's exact test nullified statistical significance in 16 trials, which
resulted in a FI of 0. FI is calculated using Fisher's exact test. Chi-square
and other methods are commonly used to compare dichotomous out-
comes. The P value can be discrepant when calculating outcomes with
Fisher's exact test versus other tests. In cases where Fisher's exact test
would result in a non-significant P value the FI would be 0. The Science

Records excluded, with reasons
(n = 870)

Review paper = 125
Non-significance = 106
Non-randomized = 91
Greater than two groups =81
One group =73

Crossover = 63
Meta-analysis = 59
Prospective cohort = 49

Non-human = 39
Retrospective cohort = 38
Repeated measures =34
Case series = 26

Letter to the editor = 26
Economic/audit = 7

Case control =3

Case report = 2

Ethics = 2

Not 1:1 treatment to control = 2
Computer simulation = 1

Full-text articles excluded, with
reasons
(n=151)

No dichotomous outcomes = 127
No significant outcome =7
Sub-group analysis = 4
Non-randomized = 4

Letter to the editor = 3

Post hoc analysis = 2

Not 1:1 treatment to control = 3
Greater than two groups = 1

Fig. 1. PRISMA diagram showing exclusions with reasoning during abstract and full text review.
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Table 2

Risk of bias evaluation.
Risk of bias category Low risk Some concern High risk

n (%) n (%) n (%)

Arising from the randomization process (n = 69) 38 (55.1%) 23 (33.3%) 8 (11.6%)
Due to deviations from intended interventions (n = 69) 60 (87.0%) 1 (1.4%) 8 (11.6%)
Due to missing outcome data (n = 69) 63 (91.3%) 2 (2.9%) 4 (5.8%)
Measurement of the outcome (n = 69) 65 (94.2%) 0 (0%) 4 (5.8%)
Selection of the reported result (n = 69) 52 (75.4%) 2 (2.9%) 15 (21.7%)

Overall bias of trial (n = 69)

30 (43.5%)

14 (20.3%) 25 (36.2%)
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Fig. 2. Distribution of Fragility Index (FI) across 69 trials (median FI = 3; in-
terquartile range 1-7.5).

Citation Index of the 5 most cited studies was 31 (FI = 4), 27 (FI = 7),
26 (FI = 6), 23 (FI = 0), and 20 (FI = 14), with a FI median of 6. Only
three trials from the two highest five-year impact factor journals were
included in the sample, whereas 27 of the trials in the sample were
published in the lowest two impact factor journals. The median FQ for
included trials was 0.04 (IQR 0.004-0.11). The number lost to follow-
up was greater than or equal to the FI in 27 of 69 (39%) trials.

3.4. Correlation between fragility index and other variables

There was a modest correlation between FI and total sample size
(r = 0.27; Fig. 3) and FI and event rate (r = 0.46). Investigators found
no correlation between FI and five-year impact factor (r = 0.02) or FI
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Fig. 3. Fragility index versus total sample size.

and Science Citation Index (r = 0.08). No significant effect of overall
risk of bias on the FI existed [F(66,2) = 1.14, P = 0.32].

4. Discussion

Investigators found that on average only three non-events, modified
to events, would render a finding nonsignificant. One example of a
fragile trial investigated whether pillar suturing improved adeno-
tonsillectomy outcomes for pediatric obstructive sleep apnea. The study
reported that the primary outcome was improvement in the apnea
hypopnea index of > 50%; however, this outcome's FI was 0 and was
based on 11 intervention events and 6 control events [28]. In this study,
investigators noted 16 occasions where trial outcomes were no longer
statistically significant when applying the Fisher's exact test instead of
chi-square. It has been recommended that chi-square not be used for
smaller sample sizes. Fisher's exact test, while more conservative, may
be used for both large and small sample sizes [29]. This applies to this
study because of the varying sample sizes, the majority of which are
small and deal with small numbers of events.

One example of a robust trial looked at the efficacy of topical sus-
pension of bacterial antigens for management of chronic suppurative
otitis media. The primary outcome was absence of otorrhea with a FI of
46 based on 67 events in the intervention group and 6 events in the
control group [30]. Sample size may be a contributing factor to the
robustness of trial results, as demonstrated by the moderate correlation
found in this study. While FI is a useful and easily interpreted metric, it
has been criticized for not accounting for sample size [31]. The FQ, in
which the FI is divided by the trial's sample size, has been proposed as a
supplementary measure [31]. The investigators found no current use in
the published literature, and no guidance regarding acceptable ranges
for this measure exists. To demonstrate the need for reporting both
metrics, consider one trial with a total sample size of 566 patients and a
FI of 1 [32] compared to a second trial with a total sample size of 25
and a FI of 1 [33]. Initially, the FI indicates that both trials are fragile;
however, the FQ for these trials is 0.001 for the first trial and 0.04 for
the second. Hence, the second trial seems more robust even though the
fragility indices are equal.

This study is the second to report on the fragility of RCTs in oto-
laryngology. Noel et al. [34] evaluated RCTs in head and neck literature
where surgery was the primary intervention with a median sample size
of 67.5 and a median FI of 1 event (IQR 0-2.5). Other clinical dis-
ciplines have provided evidence of trial fragility. For example, Evaniew
et al. [23] evaluated RCTs in spine surgery with a median sample size of
132 patients and a median FI of 2 events (IQR 1-3). Walsh et al. [17]
evaluated trials from high-impact general medical journals and found a
median sample size of 682 patients and a median FI of 8 events (IQR
3-18). In comparison, this study found a median sample size of 72
patients and a median FI of 3 events (IQR 1-7). The similarity in fra-
gility between this study, Noel et al. [34], and Evaniew et al. [23] is not
surprising, since they were conducted in surgical specialties. This study
was also the first, to the investigators' knowledge, to use the Cochrane
RoB 2.0. Investigators found that a large portion of trial outcomes had a
high risk of bias. The area most in need of improvement is randomi-
zation, which is important in balancing known and unknown prognostic
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factors.

The American Academy of Otolaryngology-Head and Neck Surgery
regards RCTs as class A evidence, and the specialty has noted an in-
crease in the number of RCTs performed each year. Between 2000 and
2005, 202 RCTs were reported [35], whereas between 2011 and 2013,
189 RCTs were found. [36] Increases in research have generated large
amounts of data to be considered when making clinical decisions. Since
these decisions often stem from a statistically significant finding re-
garding therapeutic effectiveness, clinicians and surgeons turn to P
values. Despite the pervasiveness of the P value, it has been criticized
for its inability to provide an interpretation regarding the magnitude of
treatment effects [37]. Readers often place similar degrees of con-
fidence in P values regardless of other trial determinants. In this study,
investigators found that many RCTs in otolaryngology were char-
acterized by small sample sizes and outcome events, the results of
which should be interpreted with caution, given that as few as three
patients were needed to nullify statistical significance in evaluated
trials. Since interpretation of clinical research is fundamental to the
evidence-based medicine model of patient care, otolaryngologists
should be equipped with the necessary tools to interpret outcomes and
make well-informed clinical decisions. One tool is the FI. The FI is easily
understood and allows for quick determination of statistical robustness
[17]. It should be used in conjunction with the P value to aid in the
interpretation of statistical results. Investigators recommend this com-
bination be augmented with the FQ. In addition to FI, number needed to
treat is a way clinicians and patients can understand the clinical re-
levance of dichotomous outcomes [38]. The investigators included
number needed to treat alongside FI/FQ in the supplemental table.

This search strategy considered the top 10 otolaryngology journals
with the highest rankings from two independent sources, Clarivate
Analytics' Science Citation Index and Google Scholar Metrics. Since
investigators only included RCTs published in these journals, the results
may have been biased toward studies with larger sample sizes [39];
therefore, since investigators possibly excluded RCTs with smaller
sample sizes from lower ranked journals, this sample may comprise
trials with higher fragility indices. Furthermore, the investigators note
the limitations of the FI, which is limited by its strict application of one-
to-one randomization and binary outcomes [17]. This limitation pro-
hibits the inclusion of other clinical trials. FI is limited to binary out-
comes since it depends on P values, which rely on a single null hy-
pothesis that is either accepted or rejected based on the data. This does
not account for other hypotheses that may play a role. Bayesian models
can help address this problem by comparing the null hypothesis against
different alternative hypotheses. This could better determine the ro-
bustness of clinical trial outcomes [40]. Last, approximately 20% of the
outcomes included for analysis were not primary outcomes; thus, the
conclusions regarding the degree of fragility in the literature and its
implication on the interpretation of results may be slightly overstated.

5. Conclusions

Randomized trials in otolaryngology journals publish statistically
significant outcomes that are, oftentimes, fragile. This fragility is, in
part, due to small sample sizes and low numbers of outcome events. The
FI and the FQ are new and intuitive metrics that complement P values
and provide insight into the interpretation of statistically significant
outcomes of RCTs. Outcomes that have a low FI should be interpreted
with caution. We recommend qualifying trials report FI and lost to
follow up. In the event that FI is smaller than lost to follow up, the
outcome should be interpreted carefully because the lost events could
render the outcome non-significant.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.amjoto.2018.10.011.
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