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PURPOSE
The fragility index (FI) measures the robustness of randomized controlled trials (RCTs). It comple- 
ments the P value by taking into account the number of outcome events. In this study, the authors 
measured the FI for major interventional radiology RCTs. 

METHODS
Interventional radiology RCTs published between January 2010 and December 2022 relating to 
trans-jugular intrahepatic portosystemic shunt, trans-arterial chemoembolization, needle biopsy, 
angiography, angioplasty, thrombolysis, and nephrostomy tube insertion were analyzed to mea-
sure the FI and robustness of the studies. 

RESULTS
A total of 34 RCTs were included. The median FI of those studies was 4.5 (range 1–68). Seven trials 
(20.6%) had a number of patients lost to follow-up that was higher than their FI, and 15 (44.1%) had 
a FI of 1–3. 

CONCLUSION
The median FI, and hence the reproducibility of interventional radiology RCTs, is low compared to 
other medical fields, with some having a FI of 1, which should be interrupted cautiously.
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Randomized controlled trials (RCTs) serve as the gold standard and represent the high-
est level of evidence for determining optimal and effective treatment strategies in evi-
dence-based medicine.1 Therefore, numerous RCTs related to the interventional radiolo-

gy field have been performed within the last decade. These trials usually assess the efficacy of 
an intervention against medical management or another intervention, with a dichotomized 
primary endpoint and a P value used to compare the outcomes.2 However, little attention has 
been paid to the critical importance of the number of outcome events in each study arm.3-5

The fragility index (FI) measures the robustness (or fragility) of the results from a clinical trial 
with dichotomous outcomes.6 It is defined as the minimum number of patients in one group 
(usually the study group) whose event status would be required to change from an event to a 
non-event to change a statistically significant result to a non-significant result. It is considered 
an important tool in interpreting the results from clinical trials and may provide value in ad-
dition to the commonly reported P value, risk reductions, and confidence interval. It also aids 
in determining when statistical significance in the trial may be lost because of a shift of a few 
additional events from the experimental group to the control one.1 The larger the FI, the more 
robust and reproducible the trial is.6 While a low FI indicates that the study hinges on only a 
few events for statistical significance, Adeeb et al.2 proposed a classification system for clinical 
trials based on the FI, number of patients lost to follow-up, and fragility quotient (FQ). The lat-
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ter two factors are equally fundamental mea-
sures for the robustness of the studies, giv-
en that the patients lost to follow-up could 
potentially change the study’s outcome had 
they remained in the trial, particularly when 
the FI is low. The FQ is calculated by dividing 
the FI by the sample size to provide an ad-
justed FI value. The proposed classification 
stratifies trials into three groups: statistically 
robust (class I), intermediate (class II), and 
fragile (class III).2

In this study, the authors aim to evaluate 
the FI for key Interventional Radiology RCTs 
over the last decade and externally validate 
Adeeb’s classification. 

Methods
A systematic search for published inter-

ventional radiology RCTs between January 
2010 and December 2022 was performed 
by two researchers using PubMed. Six main 
areas were selected: trans-jugular intrahe-
patic portosystemic shunt (TIPS), trans-arte-
rial chemoembolization (TACE), angioplasty, 
needle biopsy, nephrostomy, and thrombol-
ysis. The following terms were used to iden-
tify the studies: “trans jugular intrahepatic 
portosystemic shunt”, “trans arterial chemo-
embolization”, “angioplasty”, “needle biopsy”, 
“nephrostomy”, “thrombolysis”, “randomized 
controlled trial”, “interventional radiology”, 
and “clinical trial”. 

Studies that showed no statistically dif-
ferent outcomes between study groups, 
studies where outcomes were not dichot-
omized, or studies that compared more 
than two groups were excluded (Figure 1). 
The data extracted included the publication 
year, methodology, primary endpoint, num-
ber of cases and events in each group, num-
ber of patients lost to follow-up, and the P 
value.

Given that the study did not involve hu-
man or animal subjects, institutional review 
board approval and patient consent were 
not required.

Fragility index

An online calculator, http://clincalc.com/
Stats/FragilityIndex.aspx, was used to calcu-
late the FI for the included trials.

Statistical analysis

The analysis was carried out using SPSS 
26.0 (IBM Corp., Armonk, NY). Given the 
non-parametric data distribution, the Spear-
man test was used for correlation analysis 
between the FI, FQ, and trial characteristics. 
Numerical variables were presented as me-
dian (range), and a comparison was made 
between groups using the Mann–Whitney U 
and Kruskal–Wallis non-parametric tests. Sta-
tistical significance was defined as P < 0.050. 

Results
A total of 34 clinical trials met the inclu-

sion criteria and were included in this study 
(Supplementary Table 1).7-40 The median FI 
was 4.5 (range 1–68). The median number of 
patients lost to follow-up was 0 (range 0–43). 
The number of patients lost to follow-up was 
higher than the FI in seven (20.6%) studies, 
and 15 (44.1%) trials had a FI of 1–3. The me-
dian FQ was 0.029 (range 0.01–0.34).

There was a negative correlation between 
the P value and FI (r = -0.78, P < 0.001), while 
there was a positive correlation between the 
FI and the sample size (r = 0.46, P = 0.007). 

Studies related to angiography had the 
highest median FI (median 13, range 1–25) 
followed by TIPS (median 6, range 3–68), 
while TACE (median 4.5, range 2–14) and 
angioplasty (median 3, range 1–11) had the 
lowest FI. However, the difference was not 
statistically significant (P = 0.793). 

Given that Adeeb’s classification was based 
on the correlation between the number of pa-
tients lost to treatment minus the FI on one 
side and the FQ on another side, the authors 
externally studied that correlation to validate 
the classification system. Class I was associ-
ated with a significantly higher FQ (median 
0.082), followed by class II (median 0.022), and 
then class III (median 0.015) (P = 0.009). 

In this study, 12 (35.3%) RCTs were class I, 
17 (50%) were class II, and five (14.7%) were 
class III, with no significant difference be-
tween the clinal study type (P = 0.773). 

Discussion
In this study, the median FI for main inter-

ventional radiology RCTs was 4.5. In seven 
(20.6%) studies, the number of patients lost 
to follow-up was higher than the FI, and 15 
(44.1%) had a FI of 1–3. Approximately one-
third of the trials fell under class I in the clas-
sification system proposed by Adeeb et al.2, 
which the authors externally validated in this 
study, while 14.7% were considered statisti-
cally fragile (class III). 

The FI has been reported for a number 
of medical and surgical RCTs, including 
cerebrovascular surgery,2 critical care,4,41 
nephrology,42 hand surgery,5 and cardiovas-
cular trials.43 To the authors’ knowledge, this 
is the first study to evaluate the FI for inter-
ventional radiology trials. Given that most 
RCTs in this field have relatively small sample 
sizes with limited outcome events, the sole 
reporting of the P value limits the clinician’s 
ability to determine the statistical fragility of 
the result and its clinical usefulness. There-
fore, including FI analysis in these trials can 
help guide the interpretation and imple-
mentation of the results. Trials with a low 
FI indicate that their results are sensitive to 
even small changes in the data, suggesting 
that the findings may not be reliable. On the 

Main points

•	 The fragility index measures the robustness 
(or fragility) of the results from a clinical tri-
al that uses dichotomous outcomes, taking 
into account the number of events in each 
study arm. 

•	 Several studies analyzed fragility indices for 
randomized controlled trials (RCTs) pub-
lished in different medical fields, but this is 
the first study to perform that analysis for 
interventional radiology RCTs. 

•	 The median fragility index of those studies 
was 4.5, with nearly half having a fragility in-
dex of 1–3, which is considerably low com-
pared to other fields. Figure 1. Flowchart illustrating the inclusion of randomized controlled trials in this study. RCT, randomized 

controlled trials.
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contrary, the results will be robust and less 
sensitive to changes when the FI is higher. In 
previous studies, a positive correlation was 
found between the sample size and the FI, 
while there was a negative correlation with 
the P value.2-4 In the authors’ study, there was 
a negative correlation between the FI and 
P value but no significant correlation with 
sample size. The FQ provides more under-
standing of the stability of the trial’s results 
and the risk of false positives by standardiz-
ing the fragility of a trial to its sample size. A 
smaller FQ also indicates a less robust study 
outcome.41

Adeeb et al.2 proposed a classification sys-
tem that aimed to quantitatively assess the 
reproducibility of RCTs. RCTs are classified 
into three classes based on the relationship 
between the FI, sample size, and number of 
patients lost to follow-up. Class I studies (sta-
tistically robust) are likely to be reproducible 
and can reliably be incorporated into clinical 
guidelines. Class III studies (statistically frag-
ile) are more likely to be subject to counter-
turn by future studies and, therefore, should 
be interpreted cautiously. Class II studies 
should be interpreted on an individual basis.2 
This classification provides a framework for 
evaluating the robustness and generalizabil-
ity of trial results, highlighting the potential 
limitations of small or underpowered trials, 
and informing decisions about the use of 
these results in clinical practice and further 
research.

The median FI related to Interventional 
Radiology is low compared to other surgical 
fields, with some having a FI of 1, meaning 
that if only one patient did not reach the pri-
mary outcome in the study group, the results 
would not be statistically significant. There-
fore, one should exercise caution when inter-
preting the results of those RCTs, especially 
when the sample size and event numbers are 
small and there is a high number of patients 
who were lost to follow-up.
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Supplementary Table 1. Interventional radiology trials included in the study

Trial Field Year Sample 
size

Reported P 
value

Fragility 
index

Lost to 
follow-up

Adeeb 
classification

1
Randomized controlled trial of emergency TIPS versus 
emergency portacaval shunt treatment of acute 
bleeding esophageal varices in cirrhosis

TIPS 2012 154  <0.001 52 0 1

2
Randomized trials of endoscopic therapy and TIPS 
versus portacaval shunt for emergency and elective 
treatment of bleeding gastric varices in cirrhosis

TIPS 2015 220 <0.001 68 0 1

3 Efficacy of covered and bare stent in TIPS for cirrhotic 
portal hypertension: a single-center randomized trial TIPS 2016 258 0.004 6 30 3

4

Advanced cirrhosis combined with portal vein 
thrombosis: a randomized trial of TIPS versus 
endoscopic band ligation plus propranolol for the 
prevention of recurrent esophageal variceal bleeding

TIPS 2015 73 0.002 6 0 1

5

Prevention of rebleeding from esophageal varices 
in patients with cirrhosis receiving small-diameter 
stents versus hemodynamically controlled medical 
therapy

TIPS 2015 185 0.002 7 0 1

6
The use of rifaximin in the prevention of overt hepatic 
encephalopathy after TIPS: a randomized controlled 
trial

TIPS 2021 197 0.012 3 17 3

7 Covered TIPS versus endoscopic therapy + β-blocker 
for prevention of variceal rebleeding TIPS 2016 72 0.001 4 0 2

8

Covered TIPS versus endoscopic band ligation plus 
propranolol for the prevention of variceal rebleeding 
in cirrhotic patients with portal vein thrombosis: a 
randomized controlled trial

TIPS 2018 49 0.008 3 2 2

9
The clinical therapeutic effects of arsenic trioxide 
combined with TACE in treating primary liver cancer 
with pulmonary metastases

TACE 2012 60 0.008 2 0 2

10
Partial hepatectomy vs. TACE for resectable multiple 
hepatocellular carcinomas beyond milan criteria: a 
randomized controlled trial

TACE 2014 173 <0.001 14 7 1

11 A randomized placebo-controlled trial of prophylactic 
dexamethasone for TACE TACE 2018 119 <0.001 9 7 2

12

Combination of TACE and interrupted dosing 
sorafenib improves patient survival in early to 
intermediate stage hepatocellular carcinoma: a post 
hoc analysis of the START trial

TACE 2017 72 0 .012 2 0 2

13

Arsenic trioxide intravenous infusion combined with 
TACE for the treatment of hepatocellular carcinoma 
with pulmonary metastasis: long-term outcome 
analysis

TACE 2017 60  0.001 2 0 2

14
Application of oxaliplatin in combination with 
epirubicin in TACE in the treatment of primary liver 
carcinoma

TACE 2017 218 <0.050 7 0 1

15 Randomized clinical trial of stents versus angioplasty 
for the treatment of iliac artery occlusions (STAG trial) Angioplasty 2013 112 0.007 3 0 2

16
Early routine angioplasty versus selective angioplasty 
after successful thrombolysis in acute ST-segment 
elevation myocardial infarction

Angioplasty 2013 224 0.0219 2 0 2

17
Percutaneous transluminal angioplasty and drug-
eluting stents for infrapopliteal lesions in critical limb 
ischemia (PADI) trial

Angioplasty 2016 158 0.037 1 0 2

18
Angioplasty with versus without routine stent 
placement for Budd-Chiari syndrome: a randomized 
controlled trial

Angioplasty 2019 88 <0.0001 11 0 1

19

Effects of venous angioplasty on cerebral lesions in 
multiple sclerosis: expanded analysis of the brave 
dreams double-blind, sham-controlled randomized 
trial

Angioplasty 2020 130 0.032 1 5 2
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Supplementary Table 1. Interventional radiology trials included in the study

Trial Field Year Sample 
size

Reported P 
value

Fragility 
index

Lost to 
follow-up

Adeeb 
classification

20

Low-dose paclitaxel-coated versus uncoated 
percutaneous transluminal balloon angioplasty for 
femoropopliteal peripheral artery disease: one-year 
results of the ILLUMENATE European randomized 
clinical trial (randomized trial of a novel paclitaxel-
coated percutaneous angioplasty balloon)

Angioplasty 2017 333 <0.001 10 43 3

21

Prospective, randomized, concurrently-controlled 
study of a stent graft versus balloon angioplasty for 
treatment of arteriovenous access graft stenosis: 
2-year results of the RENOVA study

Angioplasty 2016 191 <0.001 8 5 2

22 Moderate pulmonary embolism treated with 
thrombolysis (from the “MOPETT” Trial) Angiography 2013 121 <0.001 13 7 1

23
Angiographic quantitative flow ratio-guided 
coronary intervention (FAVOR III China): a multicentre, 
randomized, sham-controlled trial

Angiography 2021 3825 0.0004 25 0 1

24
Paclitaxel-coated balloon plus bare-metal stent for 
de-novo coronary artery disease: final 5-year results 
of a randomized prospective multicenter trial

Angiography 2016 120 <0.050 1 0 2

25
A multicenter randomized trial comparing a 
25-gauge EUS fine-needle aspiration device with a 
20-gauge EUS fine-needle biopsy device

Needle biopsy 2019 608 0.002 10 0 1

26

CT scan-guided Abrams needle pleural biopsy versus 
ultrasound-assisted cutting needle pleural biopsy 
for diagnosis in patients with pleural effusion: a 
randomized, controlled Trial

Needle biopsy 2016 150 0.029 2 7 3

27

A prospective, randomized, multicenter clinical trial 
comparing 25-gauge and 20-gauge biopsy needles 
for endoscopic ultrasound-guided sampling of solid 
pancreatic lesions

Needle biopsy 2020 88 0.037 1 0 2

28

A comparison between 25-gauge and 22-gauge 
Franseen needles for endoscopic ultrasound-guided 
sampling of pancreatic and peripancreatic masses: a 
randomized non-inferiority study

Needle biopsy 2021 140 <0.001 17 0 1

29

19 G nitinol needle versus 22 G needle for 
transduodenal endoscopic ultrasound-guided 
sampling of pancreatic solid masses: a randomized 
study

Needle biopsy 2019 122 0.02 2 0 2

30
Comparison of fine needle aspiration and non-
aspiration cytology for diagnosis of thyroid nodules: a 
prospective, randomized, and controlled trial

Needle biopsy 2017 629 <0.050 4 0 2

31

Comparison of totally tubeless percutaneous 
nephrolithotomy and standard percutaneous 
nephrolithotomy for kidney stones: a randomized, 
clinical trial

Nephrostomy 2016 90 0.007 2 6 2

32 MRI-guided thrombolysis for stroke with unknown 
time of onset Thrombolysis 2018 503 0.020 5 13 3

33
Higher prehospital priority level of stroke improves 
thrombolysis frequency and time to stroke unit: the 
hyper acute stroke alarm study

Thrombolysis 2012 490 <0.001 16 0 1

34
Outcomes following sonothrombolysis in severe 
acute ischemic stroke: subgroup analysis of the 
CLOTBUST trial

Thrombolysis 2014 85 0.032 1 0 2

TIPS, trans-jugular intrahepatic portosystemic shunt; TACE, transcatheter arterial chemoembolization; MRI, magnetic resonance imaging.




