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Objectives: The Fragility Index, which represents the number of 
patients responsible for a statistically significant finding, has been 
suggested as an aid for interpreting the robustness of results from 
clinical trials. A small Fragility Index indicates that the statistical 
significance of a trial depends on only a few events. Our objec-
tives were to calculate the Fragility Index of statistically significant 
results from randomized controlled trials of anesthesia and criti-
cal care interventions and to determine the frequency of distorted 
presentation of results or “spin”.
Data Sources: We systematically searched MEDLINE from 
January 01, 2007, to February 22, 2017, to identify randomized 
controlled trials exploring the effect of critical care medicine or 
anesthesia interventions.
Study Selection: Studies were included if they randomized patients 
1:1 into two parallel arms and reported at least one statistically 
significant (p < 0.05) binary outcome (primary or secondary).
Data Extraction: Two reviewers independently assessed eligibility 
and extracted data. The Fragility Index was determined for the cho-
sen outcome. We assessed the level of spin in negative trials and the 
presence of recommendations for clinical practice in positive trials.
Data Synthesis: We identified 166 eligible randomized controlled 
trials with a median sample size of 207 patients (interquartile DOI: 10.1097/CCM.0000000000003527
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range, 109–497). The median Fragility Index was 3 (interquartile 
range, 1–7), which means that adding three events to one of the 
trials treatment arms eliminated its statistical significance. High 
spin was identified in 42% (n = 30) of negative randomized con-
trolled trials, whereas 21% (n = 20) of positive randomized con-
trolled trials provided recommendations. Lower levels of spin and 
recommendations were associated with publication in journals 
with high impact factors (p < 0.001 for both).
Conclusions: Statistically significant results in anesthesia and criti-
cal care randomized controlled trials are often fragile, and study 
conclusions are frequently affected by spin. Routine calculation of 
the Fragility Index in medical literature may allow for better under-
standing of trials and therefore enhance the quality of reporting. 
(Crit Care Med 2018; XX:00–00)
Key Words: anesthesia; critical care; intensive care; randomized 
controlled trials; research methodology; research report

In 2016, the American Statistical Association encouraged 
researchers to move toward a post p values era (1). The 
Fragility Index (FI) may be a part of the solution by tar-

geting clinicians rather than statisticians. Although p values 
are used to declare statistical significance, the FI represents 
the number of patients responsible for the statistically sig-
nificance of a trial finding (2). A large FI indicates that many 
patients are responsible for the statistically significance of a 
trial finding, increasing the confidence in the observed treat-
ment effect. Conversely, a low FI indicates that the statistical 
significance of a trial finding relies on only a few patients; it 
proves the result fragile, witnessing it might not be reproduced 
in further studies. The FI is calculated by changing the sta-
tus of patients without an event to an event in the treatment 
group with the smallest number of events, until the p value 
exceeded 0.05. Previous systematic reviews have reported high 
FIs in heart failure trials (3), but low FIs in spine surgery (4), 
critical care (5), and sport surgery (6) trials. Such findings 
shed light on how unlikely trial results from specific fields are 
to be reproduced.

To inflate their findings, possibly to improve chances of 
publication, authors often consciously or subconsciously 
over interpret the results of their randomized controlled trial 
(RCT), that is, they add “spin” to the conclusions of a scientific 
report. Spin is defined as a nonneutral way of reporting that 
distorts the interpretation of results and misleads readers (7). 
Article conclusions, which may include clinical recommenda-
tions, are the sections most often affected by spin (7), and they 
may influence clinical practice in a misleading way.

Our primary aim was to evaluate the robustness of statis-
tically significant results from RCTs assessing anesthesia and 
critical care interventions by determining their FI. Because 
most trials in anesthesia and critical care are small, single-cen-
ter trials (8), we hypothesized that statistically significant find-
ings would often rely on a small number of patients. We also 
sought to determine the nature and frequency of spin in trial 
conclusions and its association with FI values.

METHODS
This systematic review was registered (PROSPERO registration 
number CRD42017057526) and is reported following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Anal-
yses (PRISMA) statement (9). The data supporting this study 
are freely available via our website https://www.researchgate.
net/publication/320559681.

Sources of Information and Search Strategy
We searched MEDLINE from January 1, 2007, to February 
22, 2017, to identify all RCTs related to critical care medi-
cine or anesthesia, in any language, that were published in 
any of 19 anesthesiology journals or 13 critical care journals 
with the highest impact factors, or six major general journals 
(The New England Journal of Medicine, Lancet, JAMA, JAMA 
Internal Medicine, British Medical Journal, Annals of Inter-
nal Medicine). We used medical subject headings, in various 
combinations, supplemented with free text to increase sensi-
tivity and the Cochrane sensitivity- and precision-maximiz-
ing search strategy for identifying RCTs (10). The full search 
strategy is presented in the Supplementary Material 1 (Supple-
mental Digital Content 1, http://links.lww.com/CCM/E112).

Eligibility Criteria
Eligible studies were 1) superiority trials, 2) randomized 
patients 1:1 into two parallel arms, 3) reported in their abstract 
at least one statistically significant binary outcome (i.e., a p 
value of < 0.05 or a 95% CI that excluded a null value), and 4) 
examined an intervention in the field of anesthesia or critical 
care. We did not include studies that were systematic reviews, 
meta-analyses, post hoc analyses, noninferiority trials, and 
RCTs with cluster or cross-over design.

Study Selection
Two reviewers (F.G., A.S.) independently screened the titles 
and abstracts and reviewed the full text of all potentially eli-
gible citations using pilot-tested forms. All discrepancies were 
resolved by consensus.

Data Collection Process
Using a piloted electronic data extraction form, a pair of 
reviewers (F.G., A.S.) extracted data independently and in 
duplicate. All extracted data were verified by another reviewer 
(Y.L.M.). For each eligible RCT, we extracted data for the pri-
mary outcome (i.e., number of events and nonevents for each 
arm, p value, and corresponding statistical test). When the 
primary outcome was not binary or was binary but nonsta-
tistically significant, we also extracted data for one statistically 
significant secondary binary outcome that was identified in 
the abstract. When multiple statistically significant secondary 
binary outcomes were reported in the abstract, we extracted 
the one considered to be the most patient-important based on 
a consensus between two clinicians (F.G., Y.L.M.).

We also extracted the following data from each study: jour-
nal name, 2015 Journal Impact Factor, year of publication, 
and funding source (i.e., for-profit, nonprofit, or both; not 

https://www.researchgate.net/publication/320559681
https://www.researchgate.net/publication/320559681
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reported, no funding). Loss to follow-up for each group was 
extracted only for articles reporting a Consolidated Standards 
of Reporting Trials (CONSORT) flow diagram (11). Likewise, 
we counted articles not reporting any flow diagram and arti-
cles reporting a non-CONSORT flow diagram.

Primary outcomes were those explicitly reported as such 
in the published article. If none was explicitly reported, we 
considered the outcome used to calculate the sample size; if 
outcomes were not stated in sample size calculation, we took 
the outcome as defined in the primary study objective, if avail-
able. If the primary outcome was still not clearly identified, the 
article was excluded.

Trial Registration and Posting of Results
For each included study, two authors (F.G., A.S.) screened full-
texts for registration. Studies were classified as: 1) registered on 
ClinicalTrial.gov, 2) registered on a non-American registry, or 
3) not registered. For each registered trial, we checked whether 
the results were posted on trial registries. We also compared reg-
istered and reported primary outcomes, anticipated and actual 
sample size. Sample size was considered inconsistent when it 
did not reach 80% of the registered planned sample size. Data 
extraction from the registries was performed independently 
and in duplicate by two reviewers (F.G., A.S.) using a piloted 
electronic form and verified by a third reviewer (Y.L.M.).

Assessment of Conclusions Sections
When the primary outcome was statistically significant, the 
article conclusion provided by the authors was classified as 
providing recommendations for clinical practice or not. We 
did not assess for the presence 
of spin when primary outcome 
was significant.

When the primary outcome 
was not statistically signifi-
cant, the level of spin in con-
clusion section was classified 
as high, moderate, low/absent 
according to the classification 
described by Boutron et al (7). 
“High spin” was defined as no 
uncertainty in the framing, no 
recommendation for further 
trials, and no acknowledgment 
of the absence of statistically 
significant results. In addition, 
when the conclusion section 
reported recommendations 
on the use of the treatment 
in clinical practice, we classi-
fied this section as having a 
high level of spin. “Moderate 
spin” was defined as some 
uncertainty in the framing or 
recommendations for further 
trials but no acknowledgment 

of the absence of statistically significant results on the pri-
mary outcome. “Low or no spin” was defined as uncertainty 
in the framing and recommendations for further trials or the 
acknowledgment of the absence of statistically significant 
results on the primary outcome.

FI Calculation
We calculated the FI for significant binary outcomes collected 
according to the method described by Walsh et al (2) using 2 × 2 
contingency tables. Specifically, we recalculated the p value using 
a two-sided Fisher exact test and then added events to the group 
with the smallest number of events, while subtracting nonevents 
from the same group to keep the total number of participants 
constant, until the p value reached or exceeded 0.05. The small-
est number of additional events required to obtain a p value of 
greater than or equal to 0.05 represented the FI for that outcome.

Statistical Analysis
We reported the median and interquartile range (IQR) of con-
tinuous variables, and the number of occurrences with pro-
portions represented as percentages for categorical variables. 
We used the Kruskal-Wallis test to compare the FI distribu-
tions between articles with different levels of spin and between 
articles with or without clinical recommendations provided 
in their conclusion. The Pearson’s correlation coefficient was 
used to evaluate correlation between FI and sample size and 
between FI and p values. Sample size and p values were log-
transformed in order to approximate normal distribution. 
Preplanned subgroup analyses were carried out for studies 
published in anesthesia, critical care, and general journals

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses 2009 flow diagram.  
RCT = randomized controlled trial.
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All analyses were performed using R 3.4.2 (http://www.R-
project.org; the R Foundation for Statistical Computing, 
Vienna, Austria). All tests of significance were two-tailed, and p 
value of less than 0.05 was considered significant.

RESULTS

Study Characteristics
Of 1,450 unique citations, 166 reports (11%) proved eligible 
(Fig. 1; and Supplementary Material 2, Supplemental Digi-
tal Content 2, http://links.lww.com/CCM/E113). The median 
sample size was 207 (IQR, 109–497), the median number 
of events was 48 (IQR, 26–99), and the median number of 
patients lost to follow-up was 4 (IQR, 0–18). A total of 23% 
of trials (n = 38) were unregistered. Among the 128 registered 
trials, there was a discrepancy between the primary outcome 
reported in the article and the one appearing in the trial reg-
istry in 22 trials (17%). The actual sample size was less than 
80% of the calculated sample size in 43 trials (26%). Fifty-three 
articles (32%) did not present a CONSORT flow diagram, and 
funding sources were not reported in 31 articles (19%). One-
hundred forty-eight trials (89%) had no results posted on reg-
istries at the time of the search (Table 1).

FI
The median FI for the 166 evaluated outcomes was 3 (IQR, 
1–7) (Fig. 2). The median FI was the same between studies 
with a statistically significant primary outcome (n = 73; 44%) 
and studies with a statistically significant secondary outcome 
(n = 93; 56%) (3 [IQR, 1–6] and 3 [1–7], respectively). Fur-
thermore, 21 trails (13%) had a FI of zero as the statistically 
significant outcome was found nonsignificant when recalcu-
lating the p value using a two-sided Fisher exact test.

The FI was significantly correlated with p values and sample 
size: as FI values increased, corresponding reported p values 
decreased (after log transformation of p values: r = –0.61; 
95% CI, –0.70 to –0.51; p < 0.001) and sample size increased 
(after log transformation of sample size: r = 0.40; 95% CI, 
0.27–0.52; p < 0.001) (Fig. 3). Explanatory subgroup analysis 
did not show any significant difference in the FI distribution 
(Supplementary Material 3, Supplemental Digital Content 3, 
http://links.lww.com/CCM/E114).

Level of Spin and Recommendations for Clinical 
Practice in Conclusions
The level of spin and recommendations for clinical practice in 
conclusions sections are presented in Table 2, and illustrative 
examples (16–20) are presented in Supplementary Material 4 
(Supplemental Digital Content 4, http://links.lww.com/CCM/
E115). We identified high spin in 42% of trials (30/71) with a 
nonstatistically significant primary outcome. Twenty-one per-
cent of main text conclusion sections of trials (20/95) with a 
statistically significant primary outcome provided recommen-
dations for clinical practice.

Neither recommendations for clinical practice nor level of 
spin was associated with FI values (median FI = 3 [IQR, 2–7] 

vs 3 [IQR, 1–6]; p = 0.26 and 2 [IQR, 1–7] vs 4 [IQR, 1–8] vs 3 
[IQR, 2–4]; p = 0.51 respectively); however, they both were asso-
ciated with journal impact factor. Journals with higher impact 
factor published more recommendations for clinical practice in 
studies with a statistically significant primary outcome (median 

TABLE 1. Characteristics of Included Studies 
(n = 166)

Characteristics
No. of Studies,  

n (%)

Type of primary outcome  

  Binary 125 (75)

  Continuous 41 (25)

Registration  

  ClinicalTrial.gov 100 (60)

  Non-American registry 28 (17)

  No Registration found 38 (23)

Same registered and reported primary outcome  

  Yes 97 (58)

  No 22 (13)

  Unknown 47 (28)

Planned and obtained sample size  consistencya  

  Yes 108 (65)

  No 43 (26)

  Unknown 15 (9)

Flow diagram  

  CONSORT 113 (68)

  Non-CONSORT 28 (17)

  Not reported 25 (15)

Posting of results on registries  

  Yes 18 (11)

  No 148 (89)

Funding source  

  Profit 22 (13)

  Non Profit 78 (47)

  Both 32 (19)

  No funding 3 (2)

  Not reported 31 (19)

Journals  

  Anesthesia journals 34 (20)

  Critical Care journals 71 (43)

  General journals 61 (37)
a��Defined by an obtained sample size of more than 80% of the planned 
sample size.

http://www.R-project.org
http://www.R-project.org
http://links.lww.com/CCM/E113
http://links.lww.com/CCM/E114
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Impact Factor = 38 [IQR, 9–44] vs 7 [IQR, 5–38]; p < 0.01) 
and had a lower level of spin in studies with no statistically sig-
nificant primary outcome (median Impact Factor = 38 [IQR, 
17–60] vs 7 [IQR, 5–27] vs 7 [IQR, 6–13]; p < 0.01).

DISCUSSION
Across 166 anesthesia and critical care trials, we found a median 
FI of 3 (IQR, 1–7). This means that for 50% of trials, reversing 
the outcome status of three or less patients in one treatment 

group would change the interpretation of a trial from a posi-
tive to a negative finding. Furthermore, in 13% of articles from 
our sample, solely p value recalculation using Fisher exact test 
led to a loss of statistical significance. In addition, we identified 
a high or moderate level of spin in 69% of trials (49/71) with a 
nonstatistically significant primary outcome.

Strengths and Limitations
Our sample of studies was not exhaustive since we used frag-
mented keywords for our search strategy. However, unlike 

Figure 2. Distribution of Fragility Index from 166 studies. The median Fragility Index was 3 (interquartile range, 1–7). RCT = randomized controlled trial

Figure 3. Fragility Index correlations. A, Increasing Fragility Index values correlated with increasing sample size (after log transformation of sample size:  
r = 0.40; p < 0.001). B, Increasing Fragility Index values correlated with decreasing p values (after log transformation of p values: r = –0.61; p < 0.001).
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meta-analysis, our review did not intend to estimate any treat-
ment effect. Instead, our goal was to describe a contemporary 
sample of anesthesia and critical care research. We believe it is 
very unlikely that including more studies would have changed 
our estimation in FI distribution. Although our search strategy 
was not exhaustive for all critical care and anesthesiology trials, 
it is unlikely that the FI would vary for trials identified by our 
search strategy compared with trials that were not identified by 
our search strategy.

Another limitation comes from the FI itself, which can only 
be calculated for statistically significant binary outcomes. As 
such, trials reporting only statistically significant continuous 
outcomes and studies with no statistically significant results 
were not included.

Last, the assessment of spin is subjective because the strat-
egies used for spin were highly variable and interpretation 
depended on the context. We increased the reliability of this 
assessment by having two reviewers extract the data indepen-
dently using piloted data extraction forms, with any disagree-
ments resolved by consensus.

Relation to Other Studies
Our results are consistent with those found in spine surgery 
(4), critical care (5), and sport surgery (6) where median FI 
were 2 (IQR, 1–3), 2 (IQR, 1–3.5), and 2 (IQR, 1–3), respec-
tively. In contrast, heart failure trials had a higher median FI of 
26 (IQR, 8.5–39) (3). The prior study of critical care trials was 
restricted to mortality outcomes and only considered 56 RCTs. 
Hence, our findings extend results to other outcomes and con-
sidered a larger sample of trials.

Anesthesia and critical care trials exhibit unique features. 
Regardless of the allocated treatment, the occurrence of an out-
come such as death may be highly influenced by unexpected 
rare complications such as peroperative vascular wound or 
ventilator-associated pneumonia. Thus, balancing prognostic 
factors between groups may require larger sample sizes than in 
other medical fields (12, 13).

Consistent with previous studies, FIs correlated strongly 
with sample size (2, 4, 5), indicating that increasing the number 

of participants would increase the robustness of anesthesia and 
critical care findings. Although the FI correlated strongly with 
p values, consistent with earlier studies (2, 4–6, 14), and both 
metrics have similar mathematical characteristics (14), the 
FI is more convenient and straightforward for clinicians as it 
describes uncertainty in terms of number of patients respon-
sible for the positivity of a trial.

With respect to spin, we found it almost twice as prevalent 
among anesthesia and critical care publications than in other 
specialties (7).

Implications for Anesthesia and Critical Care 
Research
Spin is a specific type of reporting bias that has been described 
as a collective failure involving authors, editors, as well as edu-
cators. Contrary to our hypothesis, we found that spin was not 
associated with high FI values for secondary outcomes; this 
suggest that for articles with nonstatistically significant pri-
mary outcomes, strong conclusions are often not supported by 
any data. We demonstrated, however, that the higher the jour-
nal impact factor, the less likely spin was to occur. Many clini-
cians do not have the time to read an entire article, as a result 
they often read only conclusion sections. Conclusions sections 
should therefore be as reliable as possible and reflect the study 
findings. Providing FI in research articles may serve to educate 
the scientific community regarding statistical robustness of 
findings, reduce the occurrence of spin, and enhance the qual-
ity of reporting.

Beyond spin, reporting was frequently incomplete: almost 
half of the articles eligible for our review did not present 
a CONSORT flow diagram and funding sources were not 
reported in approximately one of five articles. We showed that 
within our sample, nearly one trial out of four was not reg-
istered. Although posting of results is mandatory for clinical 
trials of Food and Drug Administration approved drug and 
devices, we found 89% of trials did not post their results on 
registries within the time frame of our search. Reporting was 
also often inconsistent: articles reported and registered pri-
mary outcomes were different in approximately one of five 

TABLE 2. Characteristics of Conclusions Sections and Association With Fragility Index and 
Impact Factors

Conclusions
No. of Studies,  

n (%)
Fragility Index,  
Median (IQR) pa

Impact Factor,  
Median (IQR) pa

Studies with a statistically significant primary outcome n = 95 3 (1–6)    

  Recommendations for clinical practice 20 (21) 3 (2–7) 0.26 38 (9–44) < 0.01

  No recommendations for clinical practice 75 (79) 3 (1–6) 7 (5–38)

Studies with a nonstatistically significant primary outcome n = 71 3 (1–8)    

  High spin 30 (42) 2 (1–7) 0.51 7 (6–13) < 0.01

  Moderate spin 19 (27) 4 (1–8) 7 (5–27)

  Low spin/none 22 (31) 3 (2–4) 38 (17–60)

IQR = interquartile range.
a��From the Kruskal-Wallis test.
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trials while sample size was much lower than anticipated in 
one of four trials. Such findings emphasize that anesthesia and 
critical care researchers alongside with journal editors should 
work together to decrease this waste in research. In this respect, 
recent guidelines (11) that target quality and transparency of 
research (15) must be more widely embraced.

In conclusion, in this representative sample of anesthesia 
and critical care randomized trials, results were often fragile, 
and conclusions were frequently inconsistent with the results. 
We believe that routine calculation of the FI will facilitate the 
interpretation of uncertainty in scientific reports and may 
lower the incidence of spin.
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