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Abstract
Background: The use of cerebral embolic protection devices during transcatheter aortic valve implantation 
(TAVI) reveals conflicting data. 
Aims: This updated meta-analysis aims to evaluate the efficacy and safety of the SENTINEL Cerebral 
Protection System.
Methods: A  literature search for relevant studies up to September 2022 was performed. Study outcomes 
were divided based on time period – overall (up to 30  days) and short (≤7  days). The outcomes stud-
ied include stroke (disabling, non-disabling), mortality, neuroimaging findings, transient ischaemic attack, 
acute kidney injury and major vascular and bleeding complications. 
Results: A total of 15 studies involving 294,134 patients were included. Regarding overall outcomes, sig-
nificant reductions were noted for mortality (odds ratio [OR] 0.60, 95% confidence interval [CI]: 0.41-0.88; 
p=0.008), all stroke (OR 0.64, 95% CI: 0.46-0.88; p=0.006) and disabling stroke (OR 0.42, 95% CI: 0.23-
0.74; p=0.003) using the SENTINEL device. No significant differences were noted for other outcomes. 
There was significant heterogeneity across the studies for mortality (p=0.013) and all stroke (p=0.003). 
Including only randomised data (n=4), there was only significant reduction in the incidence of disabling 
stroke (OR 0.39, 95% CI: 0.17-0.89; p=0.026) in the SENTINEL group. In studies reporting ≤7-day out-
comes (n=8), use of the SENTINEL device demonstrated significantly lower rates of all stroke (p<0.001), 
disabling stroke (p<0.001) and major bleeding complications (p=0.02). No differences in neuroimaging 
outcomes were noted. 
Conclusions: In this updated meta-analysis, use of the SENTINEL Cerebral Protection System was asso-
ciated with lower rates of mortality, all stroke and disabling stroke, although significant heterogeneity was 
noted for mortality and all stroke. Including exclusively randomised data, there was only significant reduc-
tion in the incidence of disabling stroke. No significant adverse outcomes with device use were noted.
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Abbreviations
CPS	 cerebral protection system
EPD	 embolic protection device
TAVI	 transcatheter aortic valve implantation

Introduction
Stroke during transcatheter aortic valve implantation (TAVI) is 
not an uncommon complication1,2, with an occurrence of about 
2%3. This often results in significant mortality and morbidity4-7. 
With the extension of TAVI to low-risk patients, stroke prevention 
takes on increasing importance, as this could adversely affect the 
physical and cognitive function in a  subgroup with a  longer life 
expectancy8,9. To potentially minimise the risk of strokes, embolic 
protection devices (EPDs) were designed to help capture embolic 
debris during TAVI. 

The only EPD approved for use by the U.S. Food and Drug 
Administration to date is the SENTINEL Cerebral Protection 
System (CPS; Boston Scientific)10. The device comprises two 
filters, with the proximal filter positioned in the brachiocephalic 
trunk and the distal filter in the left common carotid artery.

Conflicting data on the efficacy of the SENTINEL device exist 
in the results of randomised controlled trials (RCTs), although 
these trials were limited by their small sample sizes11,12,13. A meta-
analysis on the subject14 reported a  significantly lower risk of 
stroke, mortality and major bleeding. However, this did not 
include the recently published PROTECTED TAVR trial, which 
is the largest RCT to date evaluating the SENTINEL CPS15. The 
PROTECTED TAVR trial, comprising 3,000 patients, showed no 
significant reduction in clinical stroke after using the SENTINEL 
device. However, there was a  significant reduction in the sec-
ondary endpoint of disabling stroke. This updated meta-analysis, 
which includes the PROTECTED TAVR trial, aims to evaluate the 
clinical efficacy and safety of the SENTINEL CPS. 

Methods
LITERATURE SEARCH
This meta-analysis was written in accordance with the Preferred 
Reporting Items for Systematic reviews and Meta-Analysis 
(PRISMA) guidelines (Supplementary Appendix 1). A  compre-
hensive literature search using the Cochrane Library and PubMed 
databases was performed for relevant articles up to September 
2022. The following Medical Subject Heading (MeSH) words were 
used for the search: “Embolic Protection Devices”, “SENTINEL 
Cerebral Protection System”, “Transcatheter Aortic Valve 
Implantation”, and “Transcatheter Aortic Valve Replacement”. 
The bibliographies of relevant studies were also hand-searched to 
find more studies which met our inclusion criteria. There were no 
language restrictions applied.

STUDY SELECTION AND OUTCOMES 
Publications were reviewed independently by one author (N. 
Tan) and were included if they reported at least 1 of the follow-
ing clinical outcomes: all stroke, disabling stroke, non-disabling 

stroke, mortality, transient ischaemic attack (TIA), acute kidney 
injury (AKI), major bleeding complications, and major vascular 
complications. The primary focus was on ischaemic strokes − for 
which the SENTINEL device is primarily designed to prevent 
− and thus, haemorrhagic strokes, if reported, were excluded. 
Some studies, however, did not differentiate between ischae-
mic and haemorrhagic strokes, and we were unable to exclude 
the latter in these cases. Other inclusion criteria were studies 
reporting brain magnetic resonance imaging (MRI) radiologi-
cal outcomes with respect to ischaemic cerebral lesions post-
TAVI. Exclusion criteria included single-arm studies (which 
only evaluated the efficacy of TAVI with the SENTINEL CPS), 
studies where other EPDs were included and studies which 
duplicated databases (for which we included the study with the 
larger patient pool). This selection process is visually depicted 
in Supplementary Figure 1.

DATA EXTRACTION AND QUALITY ASSESSMENT
Conflicts regarding the inclusion of studies were discussed and 
resolved with a  second author (J. Yap). The risk of bias was 
assessed using the Cochrane Collaboration’s tool for assessing 
risk of bias in randomised controlled trials (RoB 2.0)16 and Risk 
of Bias in Non-randomized Studies – of Interventions (ROBINS-I) 
tool17. These results are shown in Supplementary Table 1.

STATISTICAL ANALYSIS 
Clinical outcomes were analysed based on timepoints – overall 
outcomes (up to 30  days) and short-term outcomes (≤7  days). 
Studies which only provided ≤7-day outcomes were included in 
the eventual overall outcomes as well. If a  study provided both 
>7-day and ≤7-day outcomes, these were included under both 
overall and short-term outcomes, respectively. The stroke rates at 
≤7  days may portray a  more accurate picture of periprocedural 
outcomes18, as other factors (such as atrial fibrillation) may con-
found complication rates at the 30-day mark. Thirty-day compli-
cation rates help to capture delayed complications for better safety 
assessment. We utilised the formulae suggested by Wan et al19 to 
estimate the mean and standard deviation if the study only pro-
vided the median and interquartile range for that outcome. We 
estimated the standardised mean difference (SMD) and odds ratio 
(OR) via the random-effects model using the Mantel-Haenszel 
method, with 95% confidence intervals (CI), for radiological and 
clinical outcomes, respectively. Heterogeneity between studies 
was evaluated using the Q statistic and I2 test. A sensitivity analy-
sis including only the RCTs was performed for overall outcomes; 
there were insufficient data to do so for short-term outcomes. 

The presence of publication bias was assessed by visually exam-
ining the degree of symmetry in Begg’s funnel plot (Supplementary 
Figure 2) between treatment effects and their standard error 
(SE) as well as with Egger’s test. Funnel plots were constructed 
when there were at least 5 studies assessing the association of 
the SENTINEL device with a particular outcome. A vertical line 
indicates the estimate based on the model. A  pseudo confidence 
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interval region is drawn around this value with bounds equal to 
±1.96 times the SE. The studies outside of the pseudo confidence 
interval region are labelled. Funnel plots may show asymmetry in 
the absence of publication bias20. To investigate whether hetero-
geneity may be further explained by differences in characteristics 
of the studies, we performed univariate regression on age, sex and 
Society of Thoracic Surgeons (STS) score. Data were extracted 
and analysed by another independent author (G. Fei) using R with 
the metafor package (R Foundation for Statistical Computing)21 
for meta-analysis. 

Results
A total of 15 publications involving 294,134  patients (25,910 
with the SENTINEL device and 268,224 without the SENTINEL 
device) were included. These comprised 4 randomised controlled 
trials, 8 propensity-matched and 3 cohort studies. The mean age 
was 80.6 years old, the mean proportion of males was 50.7%, and 
the mean STS score was 5.27 (Table 1).

OVERALL OUTCOMES
Regarding overall outcomes (Figure 1), significant reductions 
were noted for mortality (OR 0.60, 95% CI: 0.41-0.88; p=0.008), 
all stroke (OR 0.64, 95% CI: 0.46-0.88; p=0.006) and disabling 
stroke (OR 0.42, 95% CI: 0.23-0.74; p=0.003) in the SENTINEL 
group. No significant differences were reported for non-disabling 
stroke (p=0.46), TIA (p=0.26), AKI (p=0.19), major bleeding 
complications (p=0.11) or major vascular complications (p=0.41). 
There was significant heterogeneity across the studies for mor-
tality (I2=69.7%; p=0.013) and all stroke (I2=75.0%; p=0.003). 
A  sensitivity analysis (Supplementary Figure 3) was performed 
including only the 4 RCTs. There were no differences in mortality 
(OR 0.95, 95% CI: 0.35-2.61; p=0.92) or all stroke (OR 0.74, 95% 
CI: 0.50-1.10; p=0.14) when comparing the SENTINEL versus 
no SENTINEL groups. However, there was a  significant reduc-
tion in the rate of disabling stroke (OR 0.39, 95% CI: 0.17-0.89; 
p=0.026) in the SENTINEL group. The visual examination of the 
funnel plots and the results of Egger’s test suggested no publica-
tion bias for overall mortality (p=0.83) and low publication bias 
for all stroke (p=0.049).

SHORT-TERM OUTCOMES
For the studies reporting ≤7-day outcomes (n=8) (Figure 2), sig-
nificant reductions were noted for all stroke (OR 0.42, 95% CI: 
0.27-0.65; p<0.001), disabling stroke (OR 0.28, 95% CI: 0.15-0.50; 
p<0.001) and major bleeding complications (OR 0.29, 95% CI: 0.10-
0.79; p=0.02) in the SENTINEL group. No significant differences 
were reported for mortality (p=0.50), non-disabling stroke (p=0.20), 
major vascular complications (p=0.46) or AKI (p=1). There was no 
significant heterogeneity across all the outcomes (p>0.05).

NEUROIMAGING OUTCOMES
For neuroimaging outcomes (n=3) (Figure 3), no significant dif-
ferences in total new lesion volume (SMD −0.48, 95% CI: −1.00 

to 0.04; p=0.07), number of new lesions (SMD −0.52, 95% CI: 
−1.35 to 0.31; p=0.22) or patients with new lesions (OR 0.54, 95% 
CI: 0.12-2.40; p=0.42) were seen in the SENTINEL group com-
pared to the control group. Significant heterogeneity was noted for 
total new lesion volume (I2=76.3%; p=0.006) and number of new 
lesions (I2=90.4%; p=0.001). 

Discussion 
In this large, updated meta-analysis including the recently pub-
lished PROTECTED TAVR trial, the important findings are as fol-
lows: 1) Cerebral embolic protection with the SENTINEL device 
was associated with significantly lower rates of mortality, overall 
stroke and disabling stroke, with short-term (≤7-day) data showing 
a similar reduction in overall and disabling stroke and randomised 
data primarily showing a  reduction in disabling stroke. 2) There 
were no significant differences in neuroimaging outcomes (albeit 
these data were only available in a smaller number of studies). 3) 
There were no significant differences in TIA, AKI, major bleeding 
complications or major vascular complications. 

EFFICACY
Strokes tend to occur periprocedurally7,22,23, with 50% occurring 
within 2  days. In this study, significant reductions in the inci-
dence of all stroke and disabling stroke were noted. This reduc-
tion in stroke rate has been corroborated in several meta-analyses 
on the topic. Radwan et al24 showed a  reduction in stroke (OR 
0.82, 95% CI: 0.71-0.94; p=0.004) with use of the SENTINEL 
device. Similarly, Ndunda et al14 showed significant reductions 
in all stroke (OR 0.51, 95% CI: 0.29-0.90; p=0.02) at 30  days. 
This may potentially be attributed to the mechanism of the device 
itself, which involves capturing embolic debris during the pro-
cedure and, subsequently, lowering the rates of ischaemic stroke 
within the periprocedural period. Including only randomised data, 
there was a reduction in the rate of disabling stroke but not for all 
stroke. The PROTECTED TAVR trial15 randomised 3,000 patients 
and showed no significant difference in the occurence of clinical 
stroke between the SENTINEL and the control groups (2.3% vs 
2.9%; p=0.30). While the trial was not powered to evaluate dis
abling stroke, results showed that it occurred in significantly fewer 
patients in the SENTINEL group compared to the control group 
(0.5% vs 1.3%; p=0.02). 

In addition, we observed a  significant reduction in mortality; 
this was also reported by both Radwan et al24 and Ndunda et al14. 
However, numerous studies have noted a  significant increase in 
mortality and morbidity in patients with stroke post-TAVI6,25,26. 
This reduction in mortality with the device may, in part, be from 
a reduction in the stroke rate, especially disabling strokes. Of note, 
when only randomised data were included, this impact on mortal-
ity was attenuated. The PROTECTED TAVR trial did not show 
any difference in mortality between the cerebral embolic protec-
tion (CEP) and the control groups (0.5% vs 0.3%). Whether the 
increased sample size and power in meta-analysis are required to 
show such a mortality effect, or if the confounders not addressed 
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Table 1. Summary of included studies.

Author, 
year

Type 
of study 

SENTINEL 
arm (n)

No 
SENTINEL 
arm (n)

Outcomes studied
Timing of 
follow-up

Age (years) Male (%) STS score Type of valve

Haussig et 
al, 
2016# 12

Randomised 
controlled 
trial

50 50 Mortality, all stroke, 
disabling stroke, 
non-disabling stroke, AKI, 
major vascular 
complications, major 
bleeding complications

Median total new lesion 
volume, median number 
of new lesions

2 days,  
7 days,  
30 days*
2 days, 7 days 
for 
neuroimaging

80.0±5.1 
(SENTINEL)
79.3±4.1 (No 
SENTINEL)

43.0% (43/100) 5.6±3.2 
(SENTINEL)
5.2±2.7 (No 
SENTINEL)

Medtronic 
CoreValve

Kapadia et 
al, 201713

Randomised 
controlled 
trial

234 (121 in 
device arm, 

123 in 
safety arm)

119 Mortality, all stroke, 
disabling stroke, 
non-disabling stroke, TIA, 
AKI, major vascular 
complications

Median total new lesion 
volume, median number 
of new lesions

30 days
2-7 days for 
neuroimaging

83.4 
(78.0-88.2)

47.9% (174/363) 6.0 (4.2-8.1) Medtronic 
CoreValve/Evolut 
R, Edwards SAPIEN 
XT/3

Kapadia et 
al, 202215

Randomised 
controlled 
trial

1,501 1,499 Mortality, all stroke, 
disabling stroke, 
non-disabling stroke, TIA, 
AKI, major vascular 
complications, major 
bleeding complications

3 days or 
in-hospital 
(whichever  
earliest)

78.9±8.0 
(SENTINEL)
78.9±7.8 (No 
SENTINEL)

60.1% 
(1,803/3,000)

3.3±2.7 
(SENTINEL)
3.4±2.8 (No 
SENTINEL)

Medtronic Evolut 
R/Evolut PRO, 
Edwards SAPIEN 3, 
Lotus, ACURATE, 
Portico

Van 
Mieghem 
et al, 
201611

Randomised 
controlled 
trial

32 33 Mortality, all stroke, 
disabling stroke, 
non-disabling stroke, AKI, 
major vascular 
complications, major 
bleeding complications

Median total new lesion 
volume, single lesion 
volume, median number 
of new lesions

<24 hours,  
30 days*,  
6 months
5 days for 
neuroimaging

82 (78-85) 52.0% (34/65) 4.8 (3.4-7.2) Medtronic 
CoreValve, 
Edwards SAPIEN 
XT/3, Portico

Alkhouli et 
al, 
2020§ 31

Propensity-
matched

2,732 8,253 Mortality, all stroke, 
disabling stroke

In-hospital 80.0±9.2 
(SENTINEL)
80.1±9.2 (No 
SENTINEL)

58.5% 
(SENTINEL)
55.7% (No 
SENTINEL)

- -

Butala et 
al, 202132

Propensity-
matched

12,409 110,777 Mortality, all stroke, 
major bleeding 
complications

30 days*, 
in-hospital

79.0±8.9 
(SENTINEL)
79.4±8.8 (No 
SENTINEL)

55.1% 
(67,920/123,186)

- Medtronic 
CoreValve, 
Edwards SAPIEN

Isogai et 
al, 202237

Propensity-
matched

1,802 1,037 Mortality, all stroke, TIA 3 days or 
in-hospital 
(whichever 
earliest)

79.2±9.5 58.5% 4.5 (2.9-7.0) 
(SENTINEL)
6.0 (4.2-8.6) 
(No 
SENTINEL)

Medtronic 
CoreValve/Evolut R/
Evolut PRO/Evolut 
PRO+, Edwards 
SAPIEN XT/3/3 Ultra

Kroon et 
al, 201933

Propensity-
matched

333 333 Mortality, all stroke, 
disabling stroke, 
non-disabling stroke, TIA, 
AKI, major vascular 
complications, major 
bleeding complications

Procedural,  
24 hours,  
30 days*, 
in-hospital

81 (76-85) 49.2% (328/666) 4.4 (3.0-6.6) Medtronic 
CoreValve/Evolut 
R, Edwards SAPIEN 
XT/3, Lotus, Portico

Khan et al, 
2021¶ 34

Propensity-
matched

4,380 103,935 Mortality, all stroke, TIA, 
AKI, major vascular 
complications, major 
bleeding complications

In-hospital 81 (74-87) 
(SENTINEL)
81 (75-86) (No 
SENTINEL)

53.7% 
(58,160/108,315)

- -

Seeger et 
al, 201718

Propensity-
matched

280 280 Mortality, all stroke, 
disabling stroke, 
non-disabling stroke, AKI, 
major vascular 
complications, major 
bleeding complications 

7 days 80.6±6.0 
(SENTINEL)
80.9±6.4 (No 
SENTINEL)

54.6% (306/560) 6.2±4.2 
(SENTINEL)
6.9±5.0 (No 
SENTINEL)

Medtronic Evolut 
R, Edwards SAPIEN 
3, Lotus
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in non-randomised data led to such results will be the work for 
future larger-scale randomised trials to address.

Neuroimaging may provide additional information, as new 
subclinical ischaemic lesions after TAVI are seen in approxi-
mately 60% to 90% of patients on a brain MRI1,2,27. New lesions 
are often seen in both hemispheres and are multiple8 – further 
suggestive of an embolic source. There is a discrepancy between 
clinically apparent strokes and the incidence of new ischaemic 
lesions seen on MRI post-TAVI, suggesting that some lesions 
might be silent. These lesions may affect long-term cogni-
tive status, as studies have shown that silent lesions may cause 
a  more pronounced cognitive decline and an increased risk of 
dementia28,29. This meta-analysis did not show a  significant 
reduction in total new lesion volume, number of new lesions 
or patients with new lesions on neuroimaging. The reasons for 
these findings could be multifactorial, as cerebral embolisation 
during TAVI is still possible even with the SENTINEL device. 
First, the SENTINEL CPS only has filters covering the brachio-
cephalic trunk and left common carotid artery, thus, leaving the 
left vertebral artery unprotected and susceptible to embolism. 
Second, manipulation of the SENTINEL device within athero-
sclerotic arteries may cause embolism directly. Thrombi may 
also form on the surface of the protection device itself during the 
earlier phases of the procedure when full anticoagulation may 

not yet be in effect30. Third, the SENTINEL filter only has 1 size, 
and malapposition may occur, leading to incomplete sealing of 
arteries and allowing embolic debris to slip by. Fourth, embolic 
debris may be smaller than the pore size of the filters (140 µm in 
diameter), thus, it can pass through the filter. Lastly, the studies 
included in this meta-analysis also had several issues including 
incomplete MRI follow-ups and small numbers.

SAFETY 
Use of the SENTINEL system was shown to be safe, with no 
significant differences in safety outcomes such as AKI, or major 
vascular or bleeding complications. The safety profile of the 
device has been corroborated by other meta-analyses, with both 
Radwan et al24 and Ndunda et al14 showing no significant differ-
ences for AKI or major vascular complications at 30 days. The lat-
est PROTECTED TAVR trial15 also showed no major differences 
between the SENTINEL and the control groups in terms of AKI 
(0.5% vs 0.5%), and only 1 (0.1%) patient suffered from a  vas-
cular complication due to the insertion of the SENTINEL device. 

FUTURE DIRECTIONS
The ongoing British Heart Foundation (BHF) PROTECT-TAVI, 
which is a randomised trial aiming to recruit 7,730 patients, will be 
assessing the clinical benefits of the SENTINEL device, not only 

Table 1. Summary of included studies (cont'd).

Author, 
year

Type 
of study 

SENTINEL 
arm (n)

No 
SENTINEL 
arm (n)

Outcomes studied
Timing of 
follow-up

Age (years) Male (%) STS score Type of valve

Seeger et 
al, 201935

Propensity-
matched

533 533 All stroke, disabling 
stroke, non-disabling 
stroke

3 days 81.2±7.1 
(SENTINEL)
81.0±6.6 (No 
SENTINEL)

47.1% 
(502/1,066)

6.4±4.2 
(SENTINEL)
6.6±4.9 (No 
SENTINEL)

-

Stachon et 
al, 
2021## 30

Propensity-
matched

1,564 40,090 Mortality, all stroke, AKI In-hospital 80.6±6.4 
(SENTINEL)
81.1±6.0 (No 
SENTINEL)

46.2% 
(SENTINEL)
46.8% (No 
SENTINEL)

- -

Dona et al, 
2022 ‡36

Cohort 213 198 Mortality, all stroke, 
disabling stroke, 
non-disabling stroke, TIA, 
AKI

3 days*,  
12 months  

80.4±6.7 52.6% (216/411) - Medtronic Evolut 
R, Portico, Symetis 
ACURATE, Centera 
Valve, Allegra 
Valve NVT 

Seeger et 
al, 202038

Cohort 92 904 All stroke, disabling 
stroke

3 days,  
30 days*, 
in-hospital

80.8 49.2% 6.0±6.9 Lotus 

Voss et al, 
201839

Cohort 39 352 AKI, major vascular 
complications

In-hospital 79.1±7.3 
(SENTINEL)
79.5±7.2 (No 
SENTINEL)

50.9% (199/391) 3.5±2.1 
(SENTINEL)
4.4±4.2 (No 
SENTINEL)

Medtronic 
CoreValve/Evolut 
R, Edwards 
SAPIEN 3

Values are presented as mean±standard deviation or median (interquartile range). # In the CLEAN-TAVI trial by Haussig et al, 2 day and 7-day outcomes were not used, as 3-day outcomes by 
Seeger et al 2019 were used instead (The latter study pooled patients from CLEAN-TAVI, SENTINEL-Ulm, SENTINEL US IDE trial). Two-day timepoints for neuroimaging were also used over the 
7-day timepoints. § In this study, although it was not explicitly stated that all devices used were SENTINEL, it was presumed so, as patients in the device group were selected between 1 July 
2017 and 31 December 2018, when the SENTINEL was the only approved EPD in the US market. ¶ In this study, it was not explicitly stated that all devices used were SENTINEL, but it was 
presumed so, as the study was based in the USA where the SENTINEL is the only FDA-approved device. ## In this study, although it was not explicitly stated that all devices used were SENTINEL, 
but it was presumed that majority was SENTINEL as the SENTINEL received approval in Europe in 2014 and patient data collected was from 2015 to 2017. ‡ Only the types of self-expanding 
valves were elaborated on, which comprised 64.0% (263/411) of the patient pool. There was no mention of balloon-expandable valves. Other notes: *In studies with multiple timepoints, the * 
indicates the timepoint which was used in our meta-analysis for overall outcomes. For male %, separate values for the SENTINEL and no SENTINEL in % were provided if study did not provide 
the exact number of patients to calculate an overall average male % between the 2 groups. AKI: acute kidney injury; EPD: embolic protection device; FDA: U.S. Food and Drug Administration; 
STS: Society of Thoracic Surgeons; TIA: transient ischaemic attack
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0.05 0.25 1 4
Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Isogai et al, 2022 2 1,802 8 1,037 0.14 [0.03, 0.67]

  Seeger et al, 2017 2 280 8 280 0.24 [0.05, 1.16]

  Muhammad et al, 2021 20 4,380 1,510 103,935 0.31 [0.20, 0.48]

  Van Mieghem et al, 2016 1 32 3 33 0.32 [0.03, 3.28]

  Haussig et al, 2016 0 50 1 50 0.33 [0 01, 8.21]

  Butala et al, 2021 162 11,658 2,297 102,877 0.62 [0.53, 0.72]

  Alkhouli et al, 2020 25 2,732 120 8,253 0.63 [0.41, 0.97]

  Kapadia et al, 2017 3 234 2 111 0.71 [0.12, 4.30]

  Stachon et al, 2021 30 1,564 1,033 40,090 0.74 [0.51, 1.07]

  Dona et al, 2022 1 213 1 198 0.93 [0.06, 14.96]

  Kroon et al, 2019 18 333 13 333 1.41 [0.68, 2.92]

  Kapadia et al, 2022 8 1,501 4 1,499 2.00 [0.60, 6.66]

RE model (Q=24.01, df=11, p=0.013;  I 2=69.7%, τ2=0.19)  0.60 [0.41, 0.88]
Test for overall effect: Z=–2.64, p=0.008

Mortality

Favours EPD Favours no EPD

0.05 0.25 1 4
Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Van Mieghem et al, 2016 0 32 2 33 0.19 [0.01, 4.20]

  Seeger et al, 2017 4 280 13 280 0.30 [0.10, 0.92]

  Isogai et al, 2022 8 1,802 15 1,037 0.30 [0.13, 0.72]

  Seeger et al, 2020 1 92 31 904 0.31 [0.04, 2.29]

  Kroon et al, 2019 6 333 17 333 0.34 [0.13, 0.88]

  Dona et al, 2022 5 213 13 198 0.34 [0.12, 0.98]

  Kapadia et al, 2017 13 231 10 110 0.60 [0.25, 1.41]

  Muhammad et al, 2021 60 4,380 2,070 103,935 0.68 [0.53, 0.89]

  Kapadia et al, 2022 32 1,501 40 1,499 0.79 [0.50, 1.27]

  Butala et al, 2021 216 11,682 2,224 102,919 0.85 [0.74, 0.98]

  Haussig et al, 2016 4 50 4 50 1.00 [0.24, 4.24]

  Stachon et al, 2021 44 1,564 849 40,090 1.34 [0.98, 1.82]

RE model (Q=28.48, df=11, p=0.003;  I 2=75.0%, τ2=0.16)  0.64 [0.46, 0.88]
Test for overall effect: Z=–2.74, p=0.006

All stroke

Favours EPD Favours no EPD

4

Favours no EPD
0.05 0.25 1 4

Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Dona et al, 2022 2 213 6 198 0.30 [0.06, 1.52]

  Kapadia et al, 2017 11 231 9 110 0.56 [0.23, 1.40]

  Seeger et al, 2017 3 280 4 280 0.75 [0.17, 3.37]

  Haussig et al, 2016 4 50 4 50 1.00 [0.24, 4.24]

  Kroon et al, 2019 3 333 3 333 1.00 [0.20, 4.99]

  Van Mieghem et al, 2016 0 32 0 33 1.03 [0.02, 53.51]

  Kapadia et al, 2022 26 1,501 23 1,499 1.13 [0.64, 1.99]

RE model (Q=3.47, df=6, p=0.75;  I 2=2.3%, τ2=0.009)  0.85 [0.56, 1.30]
Test for overall effect: Z=–0.74, p=0.46

Non-disabling stroke

Favours EPD Favours no EPD

0.05 0.25 1
Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Seeger et al, 2017 1 280 9 280 0.11 [0.01, 0.86]

  Van Mieghem et al, 2016 0 32 2 33 0.19 [0.01, 4.20]

  Seeger et al, 2020 0 92 23 904 0.20 [0.01, 3.37]

  Kroon et al, 2019 3 333 14 333 0.21 [0.06, 0.73]

  Kapadia et al, 2022 6 1,501 17 1,499 0.35 [0.14, 0.89]

  Dona et al, 2022 3 213 7 198 0.39 [0.10, 1.53]

  Alkhouli et al, 2020 36 2,732 138 8,253 0.79 [0.54, 1.14]

  Kapadia et al, 2017 2 231 1 109 0.94 [0.08, 10.52]

  Haussig et al, 2016 0 50 0 50 1.00 [0.02-51.38]

RE model (Q=10.37, df=8, p=0.24;  I 2=33.7%, τ2=0.21)  0.42 [0.23, 0.74]
Test for overall effect: Z=–3.0, p=0.003

Disabling stroke

Favours EPD

4

Favours no EPD
0.05 0.25 1 4

Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Van Mieghem et al, 2016 2 32 6 33 0.30 [0.06, 1.61]

  Seeger et al, 2017 4 280 12 280 0.32 [0.10, 1.02]

  Muhammad et al, 2021 25 4,380 1,070 103,935 0.55 [0.37, 0.82]

  Voss et al, 2018 1 39 11 352 0.82 [0.10, 6.49]

  Butala et al, 2021 491 12,266 4,808 108,858 0.90 [0.82, 0.99]

  Haussig et al, 2016 6 50 6 50 1.00 [0.30, 3.34]

  Kroon et al, 2019 31 333 26 333 1.21 [0.70, 2.09]

RE model (Q=11.44, df=6, p=0.076;  I 2=54.2%, τ2=0.08)  0.76 [0.54, 1.07]
Test for overall effect: Z=–1.59, p=0.11

Major bleeding complications

Favours EPD Favours no EPD

0.05 0.25 1
Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Van Mieghem et al, 2016 0 32 6 33 0.07 [0.00, 1.21]

  Seeger et al, 2017 5 280 10 280 0.49 [0.17, 1.46]

  Haussig et al, 2016 5 50 6 50 0.81 [0.23, 2.87]

  Muhammad et al, 2021 175 4,380 4,380 103,935 0.95 [0.81, 1.10]

  Kroon et al, 2019 24 333 25 333 0.96 [0.53, 1.71]

  Voss et al, 2018 1 39 9 352 1.00 [0.12, 8.13]

  Kapadia et al, 2017 21 244 7 119 1.51 [0.62, 3.65]

  Kapadia et al, 2022 1 1,501 0 1,499 3.00 [0.12, 73.65]

RE model (Q=6.24, df=7, p=0.51;  I 2=0.0%, τ2=0.0)  0.94 [0.82, 1.09]
Test for overall effect: Z=–0.82, p=0.41

Major vascular complications

Favours EPD

0.05 0.25 1 4
Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Haussig et al, 2016 1 50 5 50 0.18 [0.02, 1.63]

  Van Mieghem et al, 2016 0 32 1 33 0.33 [0.01, 8.49]

  Kroon et al, 2019 10 333 16 333 0.61 [0.27, 1.37]

  Voss et al, 2018 3 39 39 352 0.67 [0.20, 2.27]

  Muhammad et al, 2021 355 4,380 11,070 103,935 0.74 [0.66, 0.83]

  Seeger et al, 2017 3 280 4 280 0.75 [0.17, 3.37]

  Stachon et al, 2021 123 1,564 2,897 40,090 1.10 [0.91, 1.32]

  Kapadia et al, 2022 8 1,501 7 1,499 1.14 [0.41, 3.16]

  Kapadia et al, 2017 1 231 0 110 1.44 [0.06, 35.59]

RE model (Q=15.70, df=8, p=0.047;  I2=50.6%, τ2=0.04)  0.84 [0.64, 1.09]
Test for overall effect: Z=–1.30, p=0.19

Acute kidney injury

Favours EPD Favours no EPD

Favours no EPD

0.05 0.25 1 4
Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Dona et al, 2022 0 213 2 198 0.18 [0.01, 3.86]

  Isogai et al, 2022 0 1,802 1 1,037 0.19 [0.01, 4.71]

  Kapadia et al, 2022 1 1,501 2 1,499 0.50 [0.05, 5.51]

  Kroon et al, 2019 3 333 5 333 0.60 [0.14, 2.52]

  Muhammad et al, 2021 11 4,380 305 103,935 0.86 [0.47, 1.56]

  Kapadia et al, 2017 1 231 0 110 1.44 [0.06, 35.59]

RE model (Q=2.06, df=5, p=0.84;  I 2=0.0%, τ2=0)  0.74 [0.44, 1.25]
Test for overall effect: Z=–1.13, p=0.26

Transient ischaemic attack

Favours EPD

Figure 1. Forest plots of overall outcomes. CI: confidence interval; EPD: embolic protection device; RE: random effects



A
siaIntervention 2

0
2

4
;10

:51-5
9  

57

Safety and efficacy of CEP in TAVI

57

at short-term (72 hours) intervals, but also at longer (12 months) 
intervals as well. This will provide further and larger-scale data 
on the safety and efficacy of cerebral embolic protection devices. 
Beyond randomised clinical trials on the topic, another area of 
clinical interest is how to identify patients who may benefit from 
CEP. Thus far, data on this have been mixed, and there is no estab-
lished scoring system which is routinely deployed in clinical prac-
tice to aid in the identification of such patients. This will be the 
work of future research. 

Limitations
There are several limitations of this study. First, the impact of 
using different types of valves (e.g., balloon-expandable vs self-
expanding valves) and procedural techniques (e.g., predilation of 
the aortic valve, transfemoral approach vs alternative approaches) 
on outcomes was unable to be accounted for. Second, there was 
variation in the timing of outcomes assessed across the studies. 
Third, the numbers, as well as sample sizes, for studies which 
looked at neuroimaging outcomes were small, which rendered 

0.05 0.25 1 4
Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Isogai et al, 2022 2 1,802 8 1,037 0.14 [0.03, 0.67]

  Seeger et al, 2017 2 280 8 280 0.24 [0.05, 1.16]

  Dona et al, 2022 1 213 1 198 0.93 [0.06, 14.96]

  Kroon et al, 2019 6 333 5 333 1.20 [0.36, 3.98]

  Kapadia et al, 2022 8 1,501 4 1,499 2.00 [0.60, 6.66]

  Van Mieghem et al, 2016 1 32 0 33 3.19 [0.13, 81.25]

RE model (Q=10.33, df=5, p=0.067;  I 2=53.1%, τ2=0.78)  0.71 [0.26, 1.93]
Test for overall effect: Z=–0.68 p=0.50

Mortality

Favours EPD Favours no EPD

0.05 0.25 1 4
Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Seeger et al, 2017 4 280 13 280 0.30 [0.10, 0.92]

  Isogai et al, 2022 8 1,802 15 1,037 0.30 [0.13, 0.72]

  Kroon et al, 2019 3 333 9 333 0.33 [0.09, 1.22]

  Seeger et al, 2019 10 533 29 533 0.33 [0.16, 0.69]

  Dona et al, 2022 5 213 13 198 0.34 [0.12, 0.98]

  Seeger et al, 2020 1 92 24 904 0.40 [0.05, 3.01]

  Kapadia et al, 2022 32 1,501 40 1,499 0.79 [0.50, 1.27]

RE model (Q=7.91, df=6, p=0.25;  I 2=35.8%, τ2=0.12)  0.42 [0.27, 0.65]
Test for overall effect: Z=–3.92, p=0.001

All stroke

Favours EPD Favours no EPD

0.05 0.25 1 4
Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Seeger et al, 2017 1 280 9 280 0.11 [0.01, 0.86]

  Seeger et al, 2019 2 533 13 533 0.15 [0.03, 0.67]

  Seeger et al, 2020 0 92 18 904 0.26 [0.02, 4.33]

  Kroon et al, 2019 2 333 6 333 0.33 [0.07, 1.64]

  Kapadia et al, 2022 6 1,501 17 1,499 0.35 [0.14, 0.89]

  Dona et al, 2022 3 213 7 198 0.39 [0.10, 1.53]

RE model (Q=1.96, df=5, p=0.85;  I 2=0.0%, τ2=0.0)  0.28 [0.15-0.50]
Test for overall effect: Z=–4.25, p<0.001

Disabling stroke

Favours EPD Favours no EPD
0.05 0.25 1 4

Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Dona et al, 2022 2 213 6 198 0.30 [0.06, 1.52]

  Kroon et al, 2019 1 333 3 333 0.33 [0.03, 3.20]

  Seeger et al, 2019 8 533 16 533 0.49 [0.21, 1.16]

  Seeger et al, 2017 3 280 4 280 0.75 [0.17, 3.37]

  Kapadia et al, 2022 26 1,501 23 1,499 1.13 [0.64, 1.99]

RE model (Q=4.63, df=4, p=0.33;  I 2=29.5%, τ2=0.13)  0.68 [0.38, 1.23]
Test for overall effect: Z=–1.28, p=0.20

Non-disabling stroke

Favours EPD Favours no EPD

0.05 0.25 1 4
Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Seeger et al, 2017 3 280 4 280 0.75 [0.17, 3.37]

  Kapadia et al, 2022 8 1,501 7 1,499 1.14 [0.41, 3.16]

RE model (Q=0.21, df=1, p=0.65;  I2=0.0%, τ2=0.0)  1.00 [0.43, 2.32]
Test for overall effect: Z=0.0001; p=1.0

Acute kidney injury

Favours EPD Favours no EPD

Favours no EPD

0.05 0.25 1 4
Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Kroon et al, 2019 0 333 3 333 0.14 [0.01, 2.75]

  Dona et al, 2022 0 213 2 198 0.18 [0.01, 3.86]

  Isogai et al, 2022 0 1,802 1 1,037 0.19 [0.01, 4.71]

  Kapadia et al, 2022 1 1,501 2 1,499 0.50 [0.05, 5.51]

RE model (Q=0.52, df=3, p=0.91;  I 2=0.0%, τ2=0.0)  0.25 [0.06, 1.03]
Test for overall effect: Z=–1.92, p=0.06

Transient ischaemic attack

Favours EPD

4

Favours no EPD

0.05 0.25 1 4
Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Van Mieghem et al, 2016 1 32 5 33 0.18 [0.02, 1.64]

  Seeger et al, 2017 4 280 12 280 0.32 [0.10, 1.02]

RE model (Q=0.21, df=1, p=0.65;  I 2=0.0%, τ2=0.0)  0.29 [0.10, 0.79]
Test for overall effect: Z=–2.42, p=0.02

Major bleeding complications

Favours EPD Favours no EPD

0.05 0.25 1
Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

  Seeger et al, 2017 5 280 10 280 0.49 [0.17, 1.46]

  Kapadia et al, 2022 1 1,501 0 1,499 3.00 [0.12, 73.65]

RE model (Q=1.10, df=1, p=0.29;  I 2=9.1%, τ2=0.15)  0.63 [0.18, 2.16]
Test for overall effect: Z=–0.73, p=0.46

Major vascular complications

Favours EPD

Figure 2. Forest plots of short-term outcomes. CI: confidence interval; EPD: embolic protection device; RE: random effects
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them underpowered. Fourth, longer-term cognitive outcomes were 
not available, and these may be important, as silent infarcts have 
been linked with neurocognitive decline28,29. Lastly, the lack of 
patient-level data precluded the identification of certain patient 
subsets who may benefit from CEP. This would be best elucidated 
with a patient-level data meta-analysis.

Conclusions
In this updated meta-analysis, use of the SENTINEL system was 
associated with lower rates of mortality, all stroke and disabling 
stroke, although significant heterogeneity was noted for the stud-
ies reporting mortality and all stroke. Including exclusively ran-
domised data, there was only a  significant reduction in disabling 
stroke. No significant adverse outcomes with device use were 
observed.

Impact on daily practice
Stroke during TAVI is not uncommon, thus, emphasising the 
importance of its prevention. Our paper, which evaluates the 
clinical efficacy and safety of the SENTINEL cerebral pro-
tection system during TAVI, found that it was associated with 
lower mortality, all stroke and disabling stroke. We hope these 
data will provide guidance to TAVI operators on the use of the 
SENTINEL system.
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0.05 0.25 1 4
Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Events Total Events Total Odds ratio [95% CI]

Number of patients with new lesions
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Test for overall effect: Z=–0.81, p=0.42 Favours EPD Favours no EPD

0.5

Favours no EPD

–1.5 –0.5 1
Odds ratio (log scale)

 EPD No EPD 
Author(s) and year Total Mean SD Total Mean SD SMD [95% CI]

Total new lesion volume
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Total new lesion volume (top) and number of new lesions (bottom)

Favours EPD

Figure 3. Forest plots of neuroimaging outcomes. CI: confidence 
interval; EPD: embolic protection device; RE: random effects; 
SD: standard deviation; SMD: standardised mean difference
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Supplementary Appendix 1. PRISMA Checklist. 

 



Section and 
Topic  

Item 
# 

Checklist item  
Location where 
item is reported  

TITLE   

Title  1 Identify the report as a systematic review. Title Page 

ABSTRACT   

Abstract  2 See the PRISMA 2020 for Abstracts checklist. Abstract 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of existing knowledge. Manuscript Pg 1 

Objectives  4 Provide an explicit statement of the objective(s) or question(s) the review addresses. Manuscript Pg 1 

METHODS   

Eligibility criteria  5 Specify the inclusion and exclusion criteria for the review and how studies were grouped for the syntheses. Manuscript Pg 1 

Information 

sources  
6 Specify all databases, registers, websites, organisations, reference lists and other sources searched or consulted to identif y 

studies. Specify the date when each source was last searched or consulted. 
Manuscript Pg 1 

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any filters and limits used. Manuscript Pg 1 

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the review, including how many reviewers 
screened each record and each report retrieved, whether they worked independently, and if applicable, details of automation tools 
used in the process. 

Manuscript Pg 1 

Data collection 

process  
9 Specify the methods used to collect data from reports, including how many reviewers collected data from each report, whether 

they worked independently, any processes for obtaining or confirming data from study investigators, and if applicable, detail s of 
automation tools used in the process. 

Manuscript Pg 1 

Data items  10a List and define all outcomes for which data were sought. Specify whether all results that were compatible with each outcome 
domain in each study were sought (e.g. for all measures, time points, analyses), and if not, the methods used to decide which 
results to collect. 

Manuscript Pg 1 

10b List and define all other variables for which data were sought (e.g. participant and intervention characteristics, funding so urces). 
Describe any assumptions made about any missing or unclear information. 

Manuscript Pg 2 

Study risk of bias 
assessment 

11 Specify the methods used to assess risk of bias in the included studies, including details of the tool(s) used, how many revi ewers 
assessed each study and whether they worked independently, and if applicable, details of automation tools used in the process. 

Manuscript Pg 2 

Effect measures  12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used in the synthesis or presentation of results. Manuscript Pg 2 

Synthesis 
methods 

13a Describe the processes used to decide which studies were eligible for each synthesis (e.g. tabulating the study intervention 
characteristics and comparing against the planned groups for each synthesis (item #5)). 

Manuscript Pg 2 

13b Describe any methods required to prepare the data for presentation or synthesis, such as handling of missing summary statisti cs, 
or data conversions. 

Manuscript Pg 2 

13c Describe any methods used to tabulate or visually display results of individual studies and syntheses. Manuscript Pg 2 

13d Describe any methods used to synthesize results and provide a rationale for the choice(s). If meta -analysis was performed, Manuscript Pg 2 



Section and 
Topic  

Item 
# 

Checklist item  
Location where 
item is reported  

describe the model(s), method(s) to identify the presence and extent of statistical heterogeneity, and software package(s) used. 

13e Describe any methods used to explore possible causes of heterogeneity among study results (e.g. subgroup analysis, meta-

regression). 
Manuscript Pg 2 

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. Manuscript Pg 3 

Reporting bias 

assessment 
14 Describe any methods used to assess risk of bias due to missing results in a synthesis (arising from reporting biases). Manuscript Pg 2 

Certainty 

assessment 
15 Describe any methods used to assess certainty (or confidence) in the body of evidence for an outcome. Manuscript Pg 2 

RESULTS   

Study selection  16a Describe the results of the search and selection process, from the number of records identified in the search to the number o f 
studies included in the review, ideally using a flow diagram. 

Supplementary 
Figure S1 

16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and explain why they were excluded.  Supplementary 
Figure S1 

Study 
characteristics  

17 Cite each included study and present its characteristics. Table 1 

Risk of bias in 
studies  

18 Present assessments of risk of bias for each included study. Supplementary 
Table 1 

Results of 
individual studies  

19 For all outcomes, present, for each study: (a) summary statistics for each group (where appropriate) and (b) an effect estimate and 
its precision (e.g. confidence/credible interval), ideally using structured tables or plots. 

Figures 1, 2, 3 

Results of 

syntheses 
20a For each synthesis, briefly summarise the characteristics and risk of bias am ong contributing studies. Manuscript Pg 2, 

3 

20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for each the summary estimate and its 

precision (e.g. confidence/credible interval) and measures of statistical heterogeneity. If comparing groups, describe the direction 
of the effect. 

Manuscript Pg 2, 

3 

20c Present results of all investigations of possible causes of heterogeneity among study results. Manuscript Pg 2, 

3 

20d Present results of all sensitivity analyses conducted to assess the robustness of the synthesized results. Manuscript Pg 3 

Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for each synthesis assessed. NA 

Certainty of 

evidence  
22 Present assessments of certainty (or confidence) in the body of evidence for each outcome assessed. Figures 1, 2, 3 

DISCUSSION   

Discussion  23a Provide a general interpretation of the results in the context of other evidence. Manuscript Pg 3 



Section and 
Topic  

Item 
# 

Checklist item  
Location where 
item is reported  

23b Discuss any limitations of the evidence included in the review. Manuscript Pg 5 

23c Discuss any limitations of the review processes used. Manuscript Pg 5 

23d Discuss implications of the results for practice, policy, and future research. Manuscript Pg 4 

OTHER INFORMATION  

Registration and 
protocol 

24a Provide registration information for the review, including register name and registration number, or state that the review wa s not 
registered. 

NA 

24b Indicate where the review protocol can be accessed, or state that a protocol was not prepared. NA 

24c Describe and explain any amendments to information provided at registration or in the protocol. NA 

Support 25 Describe sources of financial or non-financial support for the review, and the role of the funders or sponsors in the review. Manuscript Pg 5 

Competing 

interests 
26 Declare any competing interests of review authors. Manuscript Pg 5 

Availability of 
data, code and 
other materials 

27 Report which of the following are publicly available and where they can be found: template data collection forms; data extrac ted 

from included studies; data used for all analyses; analytic code; any other materials used in the review. 

Manuscript Pg 5-
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Supplementary Table 1. Risk-of-bias assessment. 

 

RoB 2.0 tool for randomised trials. 
Author 
 

 

Randomisation 
process  

Deviations from the 
intended 

interventions 

Missing outcome 
data 

Measurement of 
outcome  

Selection of the 
reported result 

Haussig et al. 2016 Low risk Low risk Low risk Low risk Low risk  

Kapadia et al. 2017 Low risk Low risk Some concerns Low risk  Low risk 

Kapadia et al. 2022 Low risk Low risk  Low risk Low risk Low risk  

Van Mieghem et al. 2016 Low risk Low risk  High risk  Low risk Low risk  

 

 

 

 

ROBINS-I tool for non-randomised trials. 
Author  Pre-intervention At intervention Post-intervention 

Bias due to 
confounding 

Bias in selection of 
participants into the 

study 

Bias in 
measurement of 

interventions 

Bias due to 
departures from 

intended  

Bias due to missing 
data 

Bias in 
measurement of 

outcome 

Bias in selection of 
the reported results  

Alkhouli et al. 2020 Serious risk Low risk  Low risk Low risk Low risk Low risk Low risk 

Butala et al. 2021 Moderate risk Low risk  Low risk  Low risk Low risk  Low risk  Low risk 

Kroon et al. 2019 Serious risk  Low risk  Low risk Low risk Low risk  Low risk Low risk 

Muhammad et al. 2021 Serious risk Moderate risk  Low risk Low risk  Low risk  Low risk  Low risk 

Seeger et al. 2017 Moderate risk Low risk  Low risk Low risk Low risk Low risk Low risk 

Seeger et al. 2019 Moderate risk Low risk Low risk  Low risk Low risk Moderate risk  Low risk 

Stachon et al. 2021 Serious risk Moderate risk Low risk  Low risk Low risk Low risk  Low risk 

Dona et al. 2022 Moderate risk Low risk Low risk Low risk  Low risk  Low risk Low risk  

Isogai et al. 2022 Moderate risk Low risk Low risk Low risk Low risk Low risk Low risk  

Seeger et al. 2020 Moderate risk Low risk  Low risk  Low risk  Low risk  Low risk Low risk 

Voss et al. 2018 Moderate risk Low risk Low risk  Low risk  Low risk Low risk  Low risk  

 

 

  



 

 

 

 

 

 

 
 

 

Supplementary Figure 1. Flowchart of study selection. 
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Funnel plots were only performed for outcomes with 5 or more studies   

 

 

 
 

Supplementary Figure 2. Funnel plot of outcomes. 



  

 

 

 

 

 

 
 
Supplementary Figure 3. Forest plots of overall outcomes including only randomised data. 


