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Objective: The fragility index (FI), a minimum number of events in 1 arm of a clinical
trial required to revert the statistically significant result to nonsignificant, has
recently been developed as an easy-to-understand novel metric to evaluate the
robustness of randomized controlled trials (RCTs). Here, we evaluated the FI of
RCTs in the field of neurology, particularly in studies of ischemic stroke. Methods:
Previous literature published between June 1, 2012 and May 31, 2018 were reviewed
from the MEDLINE database by the authors. The original article reporting the sig-
nificant RCT result, of which a dichotomous outcome was set as its primary out-
come measure, was included to evaluate the robustness of the result by calculating
the FI. In addition, recent studies examining FI in other clinical fields were reviewed
and summarized. Results: In the 25 eligible RCT studies, the median total number of
study participants was 206 (inter quartile range: 144-450) and the median FI was 7
(inter quartile range: 4-15.0). The FI showed a strong negative correlation with the
observed P value. There was no significant difference in the FI between RCTs with
and without acute settings. Our median FI was higher than the median FI of 2.5 of
previous studies examining FI in other clinical fields, as only 20% (5 of 25) of studies
included in our study had an FI less than 2.5. Conclusion: Our results suggest that
many RCTs in the field of ischemic stroke have a fair robustness, when compared
to those in other clinical fields.
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Introduction

The fragility index (FI) is a recently developed measure
of the minimum number of events (or nonevents) in 1 arm
of a randomized controlled trial (RCT) required to change
statistically significant results to nonsignificant.1 A lower
FI indicates that the significant study result is more likely
to be altered to nonsignificant, meaning that the study has
poor statistical robustness. The FI is an easy-to-under-
stand metric to evaluate RCT results with a dichotomous
endpoint, in addition to the conventional P value.
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Since its introduction in 2014, as many as 10 studies
have examined the FI in RCTs of the following clinical
fields: spine surgery,2 critical care,3 pediatric medicine,4

sports surgery,5 intracerebral hemorrhage,6 cardiology,7

ophthalmology,8 anesthesiology,9 or head and neck sur-
gery.10 These studies often report that some RCTs in their
field have a low FI.
Here, we applied this new metric to evaluate its robust-

ness for RCTs in the field of ischemic stroke, which has
thus far not been evaluated. In addition, we compared
our results to FI studies from other clinical fields.

Methods

RCT Literature Review

Literature screening was performed by the author
(K.S) on June 2018 using the MEDLINE database accord-
ing to the abstract selection criteria. The PubMed query
was as follows: (Search ((stroke[Title/Abstract]) AND
randomized[Title/Abstract]) AND controlled[Title/
Abstract] Filters: Clinical Trial; Randomized Controlled
Trial; Abstract; Publication date from 2012/06/01 to
2018/05/31). The inclusion criteria were as follows:
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(1) original article reporting the results of a RCT for the
treatment of ischemic stroke, (2) the results of the pri-
mary endpoint are significant with regard to their pro-
vided significance level, (3) the significant primary
endpoint is a dichotomous variable, and (4) the article
was published between June 1, 2012 and May 31, 2018,
and the abstract is available in English. The selected
articles were further reviewed, and all eligible studies
were included in the analysis. If the goal of the RCT was
to study an intervention for the chronic phase of acute
ischemic stroke, or for the secondary prevention of ische-
mic stroke, the study was regarded as “not acute-set-
ting.” From the reviewed articles, we obtained the
number of participants within each control and interven-
tion subgroup, the number of events and nonevents, and
the original level of significance. The FI in each study
was calculated in accordance with earlier literature.1-10

We have not obtained the number of “loss to follow-up”
participants, as its definition and availability in each
study were not always consistent.
In addition, recent studies examining the FI in other

clinical fields were reviewed, and their FI (median and
inter quartile range [IQR]) and number of participants
(median and IQR for both events and nonevents) were
summarized.
Table 1. Eligible 25 RCT stu

Ref# Year Author Total event

11 2012 Rosso 143
12 2013 Asteriou 25
13 2013 Cao 9
14 2013 Higgins 24
15 2014 Reddy 73
16 2014 Zhang 16
17 2014 Biase 41
18 2014 Piironen 15
19 2015 Suntrup 17
20 2015 Zaidat 19
21 2015 Kuliha 56
22 2015 Gong 61
23 2015 Huo 637
24 2015 Jovin 74
25 2015 Saver 92
26 2015 Goyal 130
27 2015 Campbell 41
28 2015 Berkhemer 127
29 2016 Bracard 191
30 2016 Li 126
31 2016 _koloud_k 95
32 2017 Cannon 415
33 2017 Oskouie 96
34 2018 Nogueira 65
35 2018 Haesebaert 205

Summary of the studies included in the analysis.11-35 Overall, the med

with an FI less than or equal to 2 (lower FI) comprised 20% of the total (5
Statistical Analysis

All statistical analyses were performed using R (version
3.3.3). When comparing data between subgroups, we
used the Fisher exact test for categorical data and the Wil-
coxon rank sum test for continuous data. The differences
were considered significant when the P value was <.05,
unless otherwise mentioned.
Ethics

Ethical approval was not required for this type of study.
Results

From 1496 articles found in the PubMed/MEDLINE
search, 25 eligible RCT studies were included in the anal-
ysis,11-35 as summarized in Table 1. Overall, the median
FI was 7 (IQR: 4-15.0), the mean FI was 10.9, and the
studies with an FI less than or equal to 2 (lower FI) com-
prised 20% of the total (5 of 25). The FI distribution is
plotted on the histogram shown in Figure 1. The FI had a
strong negative correlation with the p value (rho =- .824,
P < .001, Spearman’s rank correlation; Fig 2, P value is
shown with logarithm). The median total number of
study participants was 206 (IQR: 144-450), and the
dies on ischemic stroke

Total sample size Fisher_P FI Acute

176 <.001 17 Yes

200 .009 3 No

310 .03 2 No

100 <.001 10 No

707 .027 5 No

30 <.001 7 No

1584 <.001 22 No

36 <.001 9 Yes

30 .007 2 No

111 .046 1 No

150 .002 7 No

450 <.001 12 No

20693 .003 24 No

206 .029 2 Yes

191 .001 10 Yes

311 .001 18 Yes

70 .015 7 Yes

500 .001 15 Yes

402 .036 2 Yes

210 <.001 12 Yes

242 .018 4 No

1962 <.001 51 Yes

144 .002 7 No

206 <.001 18 Yes

691 .016 6 Yes

ian FI was 9 (IQR: 4-15.0), the mean FI was 11.36, and the studies

of 25).



Figure 1. Histogram of FI distribution in the current study (total n = 25).
The FI distribution is plotted on the histogram. FI: median 7 (IQR: 4-15),
mean 10.9.
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median total number of events was 73 (IQR: 25-127).
There was no significant correlation between the FI and
total number of participants (P = .059, Spearman’s rank
correlation), but there was a significant correlation
between the FI and total number of events in each study
(rho = .430, P = .032). Of all the studies, 48% (12 of 25)
were associated with acute settings 48%, while the
remaining 52% (13 of 25) were associated with nonacute
settings. There was no significant difference in the FI
(P = .172, Wilcoxon rank sum test) or total sample size
(P = .644, Wilcoxon rank sum test) between RCTs with
acute settings and those without.
In the review of earlier literature evaluating the FI in

other clinical fields, 10 studies were identified (Table 2).
Figure 2. Scatter graph of FI to the observed P value logarithm. The scatter
graph of FI to the observed P value logarithm in the included studies shows
a strong positive correlation (rho = .824, P < .001, Spearman’s rank correla-
tion).
These included a median 47.5 studies (IQR: 30.3-92) and a
median 141 (IQR: 100-161.8) total number of participants
in each study. The median FI was 2.5 (IQR: 2-7.8), which
is in contrast to our study, where only 20.0% (5 of 25) of
studies included had an FI of 2.5 or less. The median FI
and median number of included studies in each field com-
bined with our study results are plotted in Figure 3.
Although our analysis has a relatively smaller median
number of included studies, the mean FI, weighted with
the number of included studies, was 6.2 in past FI studies
of other clinical fields, which is still lower than our study
result (mean 10.9).
Discussion

In general, our present study replicated the results as of
previous FI studies.1-10 For example, the FI distribution in
this study resembled that seen in earlier FI studies, which
obeys a Poisson distribution. The observed P value and FI
showed a strong negative correlation, as should be
deducted by the calculation of FI. Finally, the FI was sig-
nificantly associated with the total number of events, but
not with the total sample size.
Our study reported that the median FI was 7, which

indicates that at least 7 participants in 1 arm of the RCT
are required to change from a nonevent to an event in
order to change the statistically significant result to non-
significant. In contrast, the median value of the FI in pre-
vious FI studies was 2.5.1-10 In previous studies which
evaluated the FI of other clinical fields, more than half (6
of 10) of the studies reported a median FI of less than or
equal to 2, whereas the FI in our study is in the upper half
of the FI distribution. The mean FI in our study was also
higher than the weighted mean of the FI in previous stud-
ies. These results suggest that many RCTs in the field of
stroke may have a fair robustness compared to those in
other clinical fields.
Our study has some limitations. First, as mentioned in

the Methods section, we have not evaluated the “loss to
follow-up” factor, which can be useful in evaluating the
FI in RCTs. For example, the result significance can
be easily influenced if the FI is equal to or more than the
“loss to follow-up” number. In addition, the mere com-
parison of representative values (ie, median FI) between
our results and those of previous FI studies may be
insufficient. Furthermore, since the literature review in
this study is not always completely systematic, there
may be a selection bias as to the clinical field of “ische-
mic stroke.”
To conclude, we applied a new metric for ischemic

stroke RCTs to evaluate their robustness, which suggested
that many RCTs in this field have a fair robustness.
Although the true significance and validity in using FI
remains unclear, the FI can be an option as an easy-to-
understand statistical metric for the results of RCTs with
dichotomous endpoints.



Figure 3. Scatter graph of the median FI to the median number of included
studies both in previous literature and the present study. Scatter graph of
the median FI to the median number of included studies both previous litera-
ture and present study. Black circles denote results of previous literature,
while a white circle denotes a result of the present study.

Table 2. Previous studies evaluating the FI in RCTs of other clinical fields

Ref# Year Author Field Included studies FI_median FI_IQR Total sample

size (median)

Total sample

size (IQR)

1 2014 Walsh Any 399 8 (NA-NA) 682 (NA-NA)
2 2015 Evniew Spine_surgery 40 2 (1-3) 132 (79-208)
3 2016 Ridgeon Critical_care 56 2 (1-3.5) 126.5 (87-326)
4 2017 Matics Pediatric 17 7 (2-11) 152 (NA-NA)
5 2017 Khan Sports_surgery 48 2 (1-2.8) 64 (48.5-89.5)
6 2017 Shen ICH 47 2 (1-4) 165 (87-200)
7 2017 Docherty Cardiology 25 26 (NA-NA) 2331 (NA-NA)
8 2018 Shen Ophthalmology 156 2 (NA-NA) 91.5 (NA-NA)
9 2018 Mazzinari Anestheology 104 3 (2-7) 150 (70-300)
10 2018 Noel Head_and_neck_surgery 27 8 (2.3-18.3) 67.5 (42-143)

Current study Ischemic stroke 25 9 (4-15) 206 (144-450)

Summary of 10 earlier studies evaluating the FI in other clinical fields.1-10 They included median 43.5 (IQR: 29-54) of RCT studies with

median 141 (IQR: 100-161.8) of total sample size. The median FI was 2.5 (IQR: 2-7.8), which is in contrast to our study, where only 20.0%

(5 of 25) of studies included in ours had an FI of 2.5 or less.
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