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BACKGROUND: Randomised controlled trials of ultrasound (US)-guided transfemoral access (TFA) for coronary pro-
cedures have shown mixed results.

AIMS: We aimed to compare US-guided versus non-US-guided TFA from randomised data in an individual partici-
pant-level data (IPD) meta-analysis. 

METHODS: We completed a systematic review and an IPD meta-analysis of all randomised controlled trials compar-
ing US-guided versus non-US-guided TFA for coronary procedures. We performed a one-stage mixed-model meta-
analysis using the intention-to-treat population from included trials. The primary outcome was a composite of major 
vascular complications or major bleeding within 30 days.

RESULTS: A  total of 2,441 participants (1,208 US-guided, 1,233 non-US-guided) from 4 randomised clinical tri-
als were included. The mean age was 65.5 years, 27.0% were female, and 34.5% underwent a percutaneous coro-
nary intervention. The incidence of major vascular complications or major bleeding (34/1,208 [2.8%] vs 55/1,233 
[4.5%]; odds ratio [OR] 0.61, 95% confidence interval [CI]: 0.39-0.94; p=0.026) was lower in the US-guided TFA 
group. In the prespecified subgroup of participants who received a  vascular closure device, those randomised to 
US-guided TFA experienced a  reduction in the primary outcome (2.1% vs 5.6%; OR 0.36, 95% CI: 0.19-0.69), 
while no benefit for US guidance was observed in the subgroup without vascular closure devices (4.1% vs 3.3%; 
OR 1.21, 95% CI: 0.65-2.26; interaction p=0.009).

CONCLUSIONS: In participants undergoing coronary procedures by TFA, US guidance decreased the composite out-
come of major vascular complications or bleeding and may be especially helpful when using vascular closure devices. 
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Compared with femoral access, radial access has been 
demonstrated to reduce bleeding and vascular complica-
tions in stable ischaemic heart disease and even mortality 

in acute coronary syndrome patients undergoing percutaneous 
coronary intervention (PCI)1,2. However, transfemoral access 
(TFA) is still essential for larger-bore procedures and in cases of 
radial access failure3. Careful placement of the femoral arterial 
access is mandatory, as cannulation above the inguinal ligament 
may result in retroperitoneal haemorrhage, while cannulation 
below the femoral bifurcation is associated with an increased 
risk of major vascular complications3. Ultrasound (US)-guided 
access has emerged as a  potentially more efficacious alterna-
tive to non-US-guided access using traditional palpation and 
fluoroscopy. However, existing trials have shown mixed results, 
hence, more definitive data are required.

The use of US for TFA demonstrated promise in earlier tri-
als, including the Femoral Arterial Access with Ultrasound 
Trial (FAUST)4. However, recent randomised controlled tri-
als (RCTs) lacked the power to reach definitive conclusions 
due to the low rates of adverse clinical events5-7. Reflecting 
the small body of evidence and clinical inertia, two surveys of 
interventional cardiologists demonstrated that only 13-27% 
routinely used US for femoral access despite 88% answering 
that US was available in the catheterisation laboratory8,9.

Considering the low clinical uptake of US to guide TFA and 
the lack of adequately powered studies, we performed a system-
atic review, an individual participant-level data (IPD) meta-anal-
ysis of coronary RCTs, and a  complementary aggregate-level 
meta-analysis of coronary and peripheral vascular disease (PVD) 
RCTs to determine the effect of US-guided TFA versus non-US-
guided TFA on major vascular complications or major bleeding. 
We hypothesised that US-guided access would decrease compli-
cations as compared with non-US-guided access.

Editorial, see page 21

Methods
We registered the present meta-analysis in the PROSPERO 
international prospective register of systematic reviews 
(PROSPERO CRD42023411468) and followed the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA)-IPD guidelines10. 

SEARCH STRATEGY AND RISK-OF-BIAS ASSESSMENT 
We completed a systematic review of PubMed, Embase, and the 
Cochrane Central Register of Controlled Trials from inception 
to 23 June 2022. We included all RCTs comparing US-guided 
TFA versus non-US-guided TFA for angiography in partici-
pants >18 years old. Supplementary Table 1 details our complete 
search strategy. We restricted our search to the English lan-
guage and RCTs. Independently of our search strategy, we also 
hand-searched the bibliographies of the most recent relevant 
meta-analyses to identify other potentially eligible studies and 
accessed the Routine Ultrasound Guidance for Vascular Access 

for Cardiac Procedures (UNIVERSAL) trial data before publi-
cation5,11-13. Two independent authors performed the literature 
review (M. d’Entremont, S. Alrashidi) using the Covidence sys-
tematic review software (Veritas Health Innovation). No dis-
putes required resolution with the senior author (S. Jolly). We 
assessed the studies for bias using the Cochrane Collaboration 
risk-of-bias tool to ensure that no studies included in the IPD 
meta-analysis were at a high risk of bias14. 

STUDY ORGANISATION
A total of nine eligible trials were identified. Four of these 
nine trials consisted of participants undergoing retrograde 
TFA access for coronary procedures4-7. The investigator 
groups of these four trials agreed to participate in the IPD 
meta-analysis. 

Of the remaining five trials, one (Katircibasi et al, 2018) 
included a mix of coronary and PVD participants, while the 
other four (Dudeck et al, 2004; Gedikoglu et al, 2013; Slattery 
et al, 2015; and Stone et al, 2020) were limited to participants 
undergoing lower extremity PVD interventions15-19. For these 
trials, one investigator group declined participation, and the 
other four could not be reached. 

Authors participating in the IPD meta-analysis shared indi-
vidual participant-level data as part of a collaborative effort. 
All data were merged at the Population Health Research 
Institute (Hamilton, ON, Canada). Data were reviewed for 
completeness and consistency, and differences were resolved 
by discussion within our collaborative study group. All four 
included trials were approved by their institutional ethics 
committees, and participants provided informed consent.

OUTCOMES
To decrease between-trial heterogeneity in the IPD meta-anal-
ysis, our collaborative group reclassified outcome data to 
create a  uniform primary outcome across all trials. For our 
analysis, we defined the primary outcome as the composite 

Impact on daily practice
While worldwide ultrasound use is increasing for trans-
femoral access in coronary procedures, definitive data are 
lacking. We performed a  systematic review and individ-
ual participant-level data meta-analysis, which included 
four randomised controlled trials (n=2,441), demonstrat-
ing that ultrasound-guided transfemoral access signifi-
cantly decreases major bleeding or vascular complications 
(34/1208 [2.8%] vs 55/1,233 [4.5%]; odds ratio 0.61, 
95% confidence interval: 0.39-0.94; p=0.026) and may 
be particularly beneficial in patients receiving a  vascular 
closure device. Interventional cardiologists should consider 
using ultrasound guidance as part of their femoral access 
practice.

Abbreviations
BARC Bleeding Academic Research Consortium

IPD individual participant-level data

PCI percutaneous coronary intervention

PVD peripheral vascular disease

RCT randomised controlled trials

TFA transfemoral access

US ultrasound

VCD vascular closure device
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of major vascular complications (femoral artery pseudoaneu-
rysm, arteriovenous fistula, retroperitoneal bleed, large hae-
matoma of more than 5 cm in diameter, or ischaemic limb 
requiring intervention or surgery) or major bleeding as defined 
by the Bleeding Academic Research Consortium (BARC) type 
3 or 5 at the end of follow-up, which was a  maximum of 
30  days20. As no BARC 5 bleeding was identified, major 
bleeding was subsequently defined as BARC 3. Secondary 
outcomes included the composite of major vascular compli-
cations, major bleeding or minor bleeding (defined as BARC 
2 bleeding); major vascular complications alone; and major 
or minor bleeding alone. Other outcomes included the indi-
vidual components of the major vascular complication out-
come, the number of attempts, and the rates of venipuncture 
and successful common femoral artery cannulation. Of note, 
the Standard versus ultrasound-guided radial and femoral 
access in coronary angiography and intervention (SURF) trial 
did not capture common femoral artery cannulation and was 
excluded from the analysis of this specific outcome. 

For the aggregate-level studies, major bleeding was com-
piled as reported by each individual trial, and a major vascu-
lar complication composite outcome, as described for the IPD 
meta-analysis, was also compiled by combining the individual 
components as reported by each trial. 

STATISTICAL ANALYSIS
All analyses were performed by intention-to-treat, meaning all 
randomised participants were included in their initially allo-
cated study group. We used a  one-stage mixed-model meta-
analytic method with a  random-study effects (accounting 
for clustering at the trial level with a random intercept) and 
a fixed-treatment effect (fixed slope) as our primary prespeci-
fied analytic method21. The fixed-treatment effect modelling 
assumption was chosen because the participants in the IPD 
trials had similar baseline characteristics, were randomised to 
the same intervention, and the redefined outcomes were rela-
tively homogenous21. Furthermore, the small number of tri-
als and events led to non-convergence issues when attempting 
to model random slopes as a  sensitivity analysis, confirming 
our decision to use fixed slopes22. To evaluate the totality of 
the data of coronary and PVD interventions and to explore 
potential selection bias, we also performed a two-stage fixed-
effect and random-effects subgroup (IPD trials vs aggregate-
level trials) meta-analysis for the primary composite outcome. 

Prespecified subgroup analyses for this IPD were performed, 
including age (≥65 years vs <65 years), sex (female vs male), 
body mass index (≥30 kg/m2 vs <30 kg/m2), peripheral vas-
cular disease (presence vs absence), PCI (yes vs no), operator 
experience (trainee/fellow vs attending/consultant), sheath size 
(≥7 Fr vs <7 Fr), and vascular closure device (VCD) use (yes 
vs no). These subgroups were identical to those prespecified in 
the UNIVERSAL trial. As post hoc exploratory analyses, we 
also completed subgroup analyses for heparin and glycoprotein 
(GP) IIb/IIIa use. The Marquis-Gravel et al trial did not report 
VCD use and was subsequently excluded from the VCD sub-
group analysis. Analyses were based on the primary composite 
outcome, and we tested for statistical interaction. 

We subsequently performed several sensitivity analyses. We 
computed two-stage fixed-effect and random-effects meta-
analyses for all secondary and procedural outcomes but not 

for the individual components of major vascular complica-
tions, as there were too few events. Heterogeneity was inter-
preted as per the Cochrane Statistical Methods Group23. To 
estimate the actual efficacy of the intervention, we completed 
an as-treated analysis. As a post hoc exploratory analysis, we 
used our primary analytic method to perform a leave-one-out 
analysis with the vascular closure device subgroups for the 
primary composite outcome. 

We calculated odds ratios (OR) and 95% confidence inter-
vals (CI) with a significance level of p<0.05. We did not adjust 
for multiplicity. We assessed publication bias through a visual 
inspection of the funnel plot. List-wise deletion was used, as 
all variables had fewer than 1% missing data. Results were 
obtained using R, version 4.1.3 (R Foundation for Statistical 
Computing). 

Results
The PRISMA flowchart (Supplementary Figure 1) describes the 
selection of studies for the analysis. Of the 668 studies initially 
identified; 20 full-text studies were screened. After the exclusion 
of 11 studies, four studies were included in the IPD analysis, 
while five were used to perform an aggregate-level meta-anal-
ysis (Supplementary Table 2, Supplementary Table 3)4-7,15-19. In 
brief, 2,441 participants contributed to the IPD meta-analysis, 
of whom 1,208 were randomised to US-guided and 1,233 were 
randomised to non-US-guided TFA. The individual trials were 
the FAUST (n=1,004), the Marquis-Gravel et al (n=128), the 
SURF (n=688) and the UNIVERSAL (n=621) trials. The five 
predominantly PVD trials that contributed to the aggregate-
level meta-analysis had a  total study population of 1,994, of 
whom 985 were randomised to US-guided and 1,009 were ran-
domised to non-US-guided TFA. 

RISK-OF-BIAS EVALUATION
We summarised the risk of bias in Supplementary Table 4. 
Studies included in the IPD meta-analysis were all deemed 
to have “some concern” for bias; however, this was only 
because the operator could not be blinded to the interven-
tion. For the aggregate-level studies, the Gedikoglu et al 2013 
study was categorised as high risk for bias as the outcome 
was measured by the operator who performed the procedure. 
The funnel plot did not demonstrate significant asymmetry 
for the primary composite outcome (Supplementary Figure 2). 

BASELINE CHARACTERISTICS
For trials included in the IPD meta-analysis, the mean age was 
65.5  years, and 27% of participants were female (Table 1). 
A total of 12.1% had peripheral vascular disease, and 34.5% 
underwent PCI. Regarding procedural characteristics, 79.6% 
of access sites were fitted with a 6 Fr introducer, and 50.9% 
were closed with a VCD (Table 2). 

For the trials included in the aggregate meta-analysis, the 
weighted mean age was 62.1  years, and 45.4% of the par-
ticipants were female (Supplementary Table 2). Sheath sizes 
ranged from 4 to 7 Fr, and only two of the five trials used 
VCD.

CLINICAL OUTCOMES
In the IPD meta-analysis of the coronary trials, participants 
randomised to US-guided TFA compared with non-US-guided 
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TFA had a  significant decrease in the odds of experiencing 
the primary composite outcome of major bleeding or major 
vascular complications (34/1,208 [2.8%] vs 55/1,233 [4.5%], 
OR 0.61, 95% CI: 0.39-0.94; p=0.026) (Table 3). When 
including BARC 2 bleeding in the composite outcome, the 
effect estimate shifted slightly towards the null (OR 0.70, 
95% CI: 0.49-1.01; p=0.06). Participants who were allocated 
to US-guided TFA experienced fewer major vascular compli-
cations (29/1,208 [2.4%] vs 49/1,233 (4.0%); OR 0.58, 95% 
CI: 0.36-0.93; p=0.023). While no significant differences 
between groups were observed for all bleeding outcomes sep-
arately, large haematomas were less frequent in the US-guided 
TFA group as compared with the non-US-guided TFA group 
(25/1,208 [2.1%] vs 45/1,233 [3.6%]; OR 0.54, 95% CI: 
0.33-0.89; p=0.016). Lastly, the number of access attempts 

(1.42 vs 2.21, mean difference −0.78, 95% CI: −0.93 to 
−0.64; p<0.001) and the number of inadvertent veni punctures 
(64/1,217 [5.3%] vs 174/1,240 [14.1%]; OR 0.33, 95% CI: 
0.25-0.46; p<0.001) were fewer in the US-guided TFA group 
compared with the non-US-guided TFA group.

In the subgroup of predominantly PVD trials with only 
aggregate-level data available, participants randomised to 
US-guided TFA seemed to experience less major vascular 
complications or major bleeding (13/985 [1.3%] vs 44/1009 
[4.4%]; fixed-effect OR 0.30, 95% CI: 0.16-0.46; random-
effects OR 0.35, 95% CI: 0.05-2.41) (Figure 1). When add-
ing the individual participant-level data of the coronary trials, 
the effects estimates shifted slightly towards the null but 
remained in favour of the US-guided TFA group (47/2,193 
[2.1%] vs 99/2,242 [4.4%], fixed-effect OR 0.47, 95% CI: 

Table 1. Baseline characteristics (by participant).

Overall (n=2,441) Ultrasound (n=1,208) No ultrasound (n=1,233) p-value

Demographics and comorbidities

Age, years 65.5±13.2 65.3±13.3 65.8±13.1 0.29

Female sex 659 (27.0) 326 (27.0) 333 (27.0) 0.98

BMI, kg/m2 29.1±6.62 29.4±6.23 28.8±6.6 0.02

Hypertension 1,955 (80.1) 960 (79.5) 995 (80.8) 0.43

Dyslipidaemia 1,900 (77.9) 947 (78.4) 953 (77.4) 0.56

Diabetes 923 (37.8) 467 (38.7) 456 (37.0) 0.40

Current smoker 675 (27.7) 337 (27.9) 338 (27.5) 0.79

Peripheral vascular disease 296 (12.1) 161 (13.3) 135 (11.0) 0.07

PCI performed during 
procedure 841 (34.5) 414 (34.3) 427 (34.7) 0.83

Periprocedural medications

Aspirin 1,952 (80.0) 950 (78.6) 230 (81.3) 0.10

P2Y12 inhibitor 1,222 (50.1) 589 (48.8) 633 (51.4) 0.19

Heparin1 1,240 (50.8) 612 (50.7) 628 (51.0) 0.86

Bivalirudin 79 (3.2) 39 (3.2) 40 (3.2) 0.98

GPIIa/IIIb inhibitors 91 (3.7) 43 (3.6) 48 (3.9) 0.66

Data are presented as mean±SD or n (%). Missing data for each variable <0.5%. 1 Heparin includes either low-molecular-weight heparin or unfractionated 
heparin. BMI: body mass index; GP: glycoprotein; PCI: percutaneous coronary intervention; SD: standard deviation

Table 2. Procedural characteristics (by access).

Overall (n=2,457) Ultrasound (n=1,217) No ultrasound (n=1,240) p-value

Operator

Fellow/trainee 1,788 (72.8) 879 (71.5) 918 (74.1)
0.15

Attending/consultant 668 (27.2) 347 (28.5) 321 (25.9)

Overall (n=2,323) Ultrasound (n=1,152) No ultrasound (n=1,117) p-value

Introducer size1

5 Fr 117 (5.0) 59 (5.1) 58 (5.0) 0.85

6 Fr 1,850 (79.6) 911 (79.1) 939 (80.2) 0.51

7 Fr 166 (7.1) 79 (6.9) 87 (7.4) 0.59

8 Fr 18 (0.8) 15 (1.3) 3 (0.3) 0.008

Vascular closure device use1 1,181 (50.9) 628 (54.6) 553 (47.3) 0.001

Data are presented as n (%). Missing data for each variable <1 %. 1 The Marquis-Gravel et al study did not report exact introducer sizes (all either 5 or 
6 Fr) or vascular closure device use and were excluded from these analyses.
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0.33-0.67; p<0.01; random-effects OR 0.49, 95% CI: 0.26-
0.94; p=0.04; I2=41%; p=0.12). There was no evidence 
of interaction between subgroups (interaction p for fixed-
effect=0.07; interaction p for random-effects=0.31).

IPD SUBGROUP ANALYSES 
In the subgroup of participants who received a  VCD, those 
randomised to US-guided TFA compared with non-US-guided 
TFA experienced a reduction in major bleeding or major vas-
cular complications (13/624 [2.1%] vs 31/550 [5.6%], OR 
0.36, 95% CI: 0.19-0.69) (Figure 2). In participants who 
did not receive a VCD, there was no difference between the 
US-guided TFA and non-US-guided TFA groups, but there 
was significant interaction (21/517 [4.1%] vs 20/611 [3.3%], 
OR 1.21, 95% CI: 0.65-2.26; interaction p=0.009). While the 

UNIVERSAL trial had the most influence on the VCD sub-
group analysis, the effect estimates of all trials had similar 
patterns (Supplementary Figure 3). The effect of US guidance 
remained consistent across all other subgroups, including for 
heparin and GPIIb/IIIa inhibitor use (Supplementary Table 5). 
Participants undergoing PCI, those who had larger sheaths, 
those who had VCD and those who underwent TFA by the 
attending/consultant group had a numerically higher percent-
age of complications. 

SENSITIVITY ANALYSES
For the IPD coronary trials, the two-stage fixed-effect meta-
analysis for the primary composite outcome gave similar 
results as our one-stage mixed model, favouring US-guided 
TFA (OR 0.61, 95% CI: 0.39-0.95; p=0.03; I2=23%; p=0.27) 

Table 3. Main outcomes (by participant and by access, see section titles).

Ultrasound 
 (n=1,208)

No ultrasound 
(n=1,233)

Odds ratio  
(95% CI)

p-value

Primary outcome (by participant)
Major vascular complications (femoral artery 
pseudoaneurysm, AV fistula, retroperitoneal bleed, 
large haematoma more than 5 cm in diameter, 
ischaemic limb requiring intervention or surgery) or 
BARC 3 bleeding

34 (2.8) 55 (4.5) 0.61 (0.39-0.94) 0.026

Secondary outcome (by participant)
Major vascular complications (femoral artery 
pseudoaneurysm, AV fistula, retroperitoneal bleed, 
large haematoma over 5 cm in diameter, ischaemic 
limb requiring intervention or surgery) or BARC 2 
or 3 bleeding

55 (4.6) 76 (6.2) 0.70 (0.49-1.01) 0.06

Major vascular complications (femoral artery 
pseudoaneurysm, AV fistula, retroperitoneal bleed, 
large haematoma more than 5 cm in diameter, 
ischaemic limb requiring intervention or surgery)

29 (2.4) 49 (4.0) 0.58 (0.36-0.93) 0.023

BARC 2 or 3 bleeding 42 (3.5) 59 (4.8) 0.70 (0.47-1.05) 0.09

BARC 3 bleeding 9 (0.7) 7 (0.6) 1.32 (0.49-3.54) 0.59

BARC 2 bleeding 36 (3.0) 52 (4.2) 0.68 (0.44-1.05) 0.08

Individual components of major vascular complications (by participant)
Femoral artery pseudoaneurysm 6 (0.5) 7 (0.6) 0.88 (0.30-2.58) 0.81

AV fistula 1 (0.1) 0 (0.0) NA NA

Retroperitoneal bleed 2 (0.2) 1 (0.1) 2.04 (0.18-22.5) 0.56

Large haematoma of more than 5 cm in diameter 25 (2.1) 45 (3.6) 0.54 (0.33-0.89) 0.016

Ischaemic limb requiring intervention or surgery 0 (0.0) 2 (0.2) NA NA

Procedural outcomes (by access)

US-guided (n=1,217)
Non-US-guided 

(n=1,240)

Odds ratio (95% CI) 
or mean difference 

(95% CI)
p-value

Number of attempts 1.42±0.74 2.21±1.85 −0.78 (−0.93 to 
−0.64) <0.001

Venipuncture 64 (5.3) 174 (14.1) 0.33 (0.25-0.46) <0.001

Common femoral artery cannulation (by access)

US-guided (n=869)
Non-US-guided 

(n=856)
Successful common femoral artery cannulation1  758 (87.2) 737 (86.1) 1.10 (0.84-1.46) 0.49

Data are presented as mean±SD or n (%). Missing data for each variable <1%. 1 The SURF trial was excluded from analysis, as this outcome was not 
reliably measured. AV: arteriovenous; BARC: Bleeding Academic Research Consortium; CI: confidence interval; NA: not applicable; SD: standard 
deviation; US: ultrasound
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(Supplementary Figure 4). The effect estimates of the other 
two-step fixed-effect and random-effects sensitivity analy-
ses were generally consistent with our primary one-stage 
mixed-model analysis, with the caveat that the 95% CIs 
of the random-effects estimates were wider (Supplementary 
Figure 4-Supplementary Figure 11). 

For the IPD as-treated analysis, 25 participants crossed 
over from non-US-guided to US-guided, while 18 participants 
crossed over from US-guided to non-US-guided. As demon-
strated in Supplementary Table 6, the effects estimate for the 
primary composite outcome result is similar to the result of 
the intention-to-treat analysis, with a slight shift of the effects 
estimates and 95% CI away from the null (34/1,215 [2.8%] 
vs 55/1,226 [4.5%], OR 0.60, 95% CI: 0.39-0.92; p=0.02). 

Discussion
Our IPD meta-analysis, including 2,441 participants from four 
trials, sheds additional insights on the efficacy of US-guided 
TFA compared with non-US-guided TFA for coronary proce-
dures. We demonstrated that US-guided TFA decreased the 
incidence of the composite of major bleeding or major vas-
cular complications, major vascular complications alone, the 
number of access attempts and inadvertent venipunctures. 
US-guided TFA may be particularly beneficial in participants 
receiving VCDs. These data provide strong evidence of the 
potential benefits for interventional cardiologists of using 
routine US-guided TFA.

TFA vascular complications and major bleeding during 
percutaneous coronary interventions are associated with 
increased morbidity and mortality24. Our aggregate-level 

subgroup meta-analysis combining IPD from coronary tri-
als and aggregate-level data from predominantly PVD trials 
is consistent with a previous meta-analysis5. Our IPD findings 
are confirmatory in the interventional cardiology study popu-
lation. While there was no statistically significant interaction 
between the coronary and predominantly PVD subgroups, 
the notable difference between effects estimates may suggest 
intrinsic differences between the subgroup study populations. 
Even with the lack of statistical interaction for the PVD sub-
group in the IPD trials, we hypothesise that US guidance may 
be even more beneficial in heavily diseased and calcified fem-
oral arteries − frequently seen in the PVD population under-
going revascularisation. 

The two-step analyses using the IPD coronary trials demon-
strate that our findings are somewhat sensitive to our model-
ling assumptions, as shown by the wide confidence intervals 
produced by the random-effects analysis. However, the low 
heterogeneity for the primary composite outcome supports our 
prespecified fixed-effect modelling assumption25. On the other 
hand, the two-step analysis combining the aggregate-level and 
IPD trials strongly suggests a benefit for US guidance, regard-
less of the modelling assumption. This analysis suggests that 
if all coronary and PVD trials had been combined in an IPD 
meta-analysis, the effects estimates would have been even 
more pronounced, arguing against a spurious significant result 
caused by selection bias for our IPD analysis. 

While the UNIVERSAL trial was neutral for its primary 
composite outcome of major vascular complications or 
major bleeding, a  prespecified analysis suggested that US 
use was associated with a  decreased risk of complications 

0.01 0.1 1 10 100

Study Ultrasound No ultrasound    Weight Weight
 Events Total Events Total Odds ratio OR (95% Cl) (fixed) (random)

  Dudeck et al, 2004 0  56 0 56    0.0% 0.0%

  Gedikoglu et al, 2013 0  108 0 100    0.0% 0.0%

  Slattery et al, 2015 0  53 2 47  0.17 [0.01-3.63] 2.2% 2.6%

  Katircibasi et al, 2018 8  449 36 490  0.23 [0.11-0.50] 35.9% 21.7%

  Stone et al, 2020 5  319 6 316  0.82 [0.25-2.72] 6.3% 12.9%

  Fixed-effect model 13  985 44 1,009  0.30 [0.16-0.56] 44.4% -

  Random-effects model       0.35 [0.05-2.41] - 37.2%

  Heterogeneity: I2=39%, τ2=0.1941; p=0.20

  Seto et al, 2010 5  503 14 501  0.35 [0.12-0.98] 14.7% 15.8%

  Marquis-Gravel et al, 2018 0  63 4 65  0.11 [0.01-2.04] 4.2% 2.8%

  Nguyen et al, 2019 8  331 8 357  1.08 [0.40-2.91] 8.0% 16.5%

  Jolly et al, 2022 21  311 29 310  0.70 [0.39-1.26] 28.7% 27.6%

  Fixed-effect model 34  1,208 55 1,233  0.61 [0.39-0.95] 55.6% -

  Random-effects model       0.61 [0.23-1.65] - 62.8%

  Heterogeneity: I2=23%, τ2=0.1233; p=0.27

  Fixed-effect model 47  2,193 99 2,242  0.47 [0.33-0.67] 100% -

  Random-effects model       0.49 [0.26-0.94] - 100%

  Heterogeneity: I 2=41%, τ2=0.1599; p=0.12
  Test for fixed-effect: z=–4.13 (p<0.01)
  Test for random-effects: t6= -2.69 (p=0.04)
  Test for subgroup (fixed-effect): χ2

1
 =3.26, df=1 (p= 0.07)

  Test for subgroup (random-effects): χ2
1
 =1.03, df=1 (p= 0.31)

Figure 1. Two-stage fixed-effect and random-effects subgroup meta-analysis for the primary composite outcome by aggregate-
level studies (predominantly peripheral vascular disease) and individual participant data studies (exclusively coronary). 
CI: confidence interval; OR: odds ratio
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in participants receiving a  VCD26. US guidance reduced the 
number of access attempts and the number of venipunctures. 
VCDs will only close one puncture site compared with man-
ual compression, which may decrease bleeding from multiple 
arterial and venous puncture sites. Furthermore, US guidance 
may allow the operator to sidestep particularly diseased or 
calcified areas of the common femoral artery, resulting in 
a safer deployment of VCDs. Our similar finding in a much 
larger study population corroborates the previous hypothe-
sis and may prompt interventionalists to be especially dili-
gent in performing US-guided TFA for patients scheduled to 
have a  VCD. Other interesting subgroup findings included 
the numerically higher risk of complications in participants 
undergoing PCI, those who were fitted with larger sheaths, 
those who had VCDs and participants undergoing TFA per-
formed by the attending/consultant group compared with the 
trainee/fellow group. We hypothesise that the attending/con-
sultant group may have chosen to participate in more com-
plex cases in higher-risk participants, such as participants 
undergoing complex PCI requiring larger sheaths and VCDs.

For several reasons, limiting femoral vascular complications 
is a growing consideration in interventional cardiology. First, 
operators may become less familiar with recognising and 
managing femoral complications as the use of radial access 
increases27. Secondly, large-bore access in patients requiring 
chronic total occlusion percutaneous coronary intervention, 
percutaneous valve therapies, and mechanical circulation 

support is also increasing. Accordingly, recent observational 
studies demonstrated an association between US-guided TFA 
and fewer vascular complications and bleeding in transcath-
eter aortic valve replacement and chronic total occlusion PCI 
patients compared with non-US-guided TFA28,29. Optimising 
techniques to obtain safe femoral access remains a  para-
mount objective in interventional cardiology and will become 
more important as percutaneous procedures develop. 

It is important to note that US-guided femoral access does 
not supplant transradial access as the preferred approach 
when feasible. The transradial approach has demonstrated 
reduced vascular access complications for stable patients and 
a  mortality benefit in acute coronary syndrome patients2. 
Our data are complementary in improving the safety of vas-
cular access to patients, and we advocate for systematic 
US-guided TFA training in the core interventional cardi-
ology curriculum. 

Limitations
Our study has several limitations. First, the limitations of our 
IPD meta-analysis are inherently related to the limitations of 
the original trials. A large proportion of the primary composite 
outcome was composed of large haematomas. While these are 
associated with patient discomfort and increased costs, they 
may not be associated with increased mortality30. However, 
a  study including only the more severe adverse events, such 
as retroperitoneal bleeds or ischaemic limbs, would require 

0 1 2 3

Subgroup No. of patients Ultrasound No ultrasound Odds ratio (95% Cl) p-value p-value for
      interaction

Overall 2,441 34/1,208 (2.8) 55/1,233 (4.5) 0.61 (0.39-0.94) 0.03 

Age      

   ≥65 1,322 26/641 (4.1) 32/681 (4.7) 0.83 (0.49-1.42) 0.51 0.06
   <65 1,118 8/567 (1.4) 23/551 (4.2) 0.33 (0.15-0.73) 0.01 

Sex      

   Male 1,781 21/882 (2.4) 34/899 (3.8) 0.61 (0.35-1.06) 0.08 0.96
   Female 659 13/326 (3.9) 21/333 (6.3) 0.61 (0.29-1.23) 0.16 

BMI      

   ≥30 911 17/484 (3.5) 20/427 (4.7) 0.74 (0.38-1.42) 0.36 0.48
   <30 1,523 17/722 (2.4) 34/801 (4.2) 0.53 (0.29-0.95) 0.03 

Peripheral vascular disease      

   Yes 296 5/161 (3.1) 7/135 (5.2) 0.63 (0.19-2.09) 0.45 0.96
   No 2,144 29/1,047 (2.8) 48/1,097 (4.4) 0.61 (0.38-0.97) 0.04 

PCI      

   Yes 841 19/414 (4.6) 34/427 (7.9) 0.53 (0.29-0.95) 0.03 0.51
   No 1,598 15/794 (1.9) 21/804 (2.6) 0.72 (0.37-1.41) 0.34 

Operator experience      

   Trainee/fellow 1,783 22/867 (2.5) 36/916 (3.9) 0.63 (0.37-1.09) 0.09 0.81
   Attending/consultant 657 12/341 (3.5) 19/316 (6.1) 0.57 (0.27-1.19) 0.13 

Sheath size      

   ≥7 180 7/91 (7.7) 10/89 (11.2) 0.64 (0.23-1.78) 0.39 0.93
   <7 2,130 27/1,053 (2.6) 41/1,077 (3.8) 0.66 (0.41-1.08) 0.09 

Vascular closure device use      

  Yes 1,174 13/624 (2.1) 31/550 (5.6) 0.36 (0.19-0.69) 0.002 0.009
   No 1,128 21/517 (4.1) 20/611 (3.3) 1.21 (0.65-2.26) 0.54 

Favours US guidance Favours no US guidance

Figure 2. Subgroup analysis for the primary composite outcome. BMI: body mass index; CI: confidence interval; 
PCI: percutaneous coronary intervention; US: ultrasound
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a much larger sample size to be powered to detect clinically sig-
nificant differences. Second, regarding our subgroup analysis, 
as VCD use was a  post-randomisation variable, US guidance 
may have biased the choice to use a  VCD. Third, subgroup 
analyses should be considered hypothesis-generating and inter-
preted cautiously. Fourth, 72.8% of TFA were obtained by fel-
lows and trainees who may have been on a  steeper slope of 
their respective US-guided TFA learning curves than the attend-
ing physicians. This may have biased the results towards the 
null, and the benefits of US-guided TFA may be greater in more 
experienced hands. Lastly, significant findings must be inter-
preted with the caveat that we did not adjust for multiplicity. 

Conclusions
Our IPD meta-analysis demonstrates that US-guided TFA, 
compared with non-US-guided TFA, is associated with 
a  decreased risk of major bleeding or major vascular com-
plications for coronary procedures. Furthermore, US-guided 
TFA may be particularly useful in preventing vascular com-
plications in patients receiving VCDs. Based on these data, 
interventional cardiologists should consider using routine US 
guidance as part of their femoral access practice. 

Authors’ affiliations
1.Population Health Research Institute, Hamilton, ON, 
Canada; 2. Centre Hospitalier Universitaire de Sherbrooke 
(CHUS), Sherbrooke, QC, Canada; 3. McMaster University, 
Hamilton, ON, Canada; 4. Long Beach VA Medical Center, 
Long Beach, CA, USA; 5. Western Sydney University, 
Campbelltown, NSW, Australia; 6. University of New South 
Wales, Sydney, NSW, Australia; 7. Montreal Heart Institute, 
Montreal, QC, Canada; 8. Oklahoma Heart Hospital, 
Oklahoma City, OK, USA and University of Oklahoma, 
Norman, OK, USA; 9. Liverpool Hospital, Liverpool, NSW, 
Australia; 10. Hôpital du Sacré-Coeur-de-Montréal, Montreal, 
QC, Canada 

Conflict of interest statement
A. Seto reports receiving grants or contracts from Arena 
Medical, Philips, and ACIST; payment or honoraria for 
speakers’ bureaus from Janssen, Terumo, Getinge, and GE 
HealthCare; consulting fees from Medtronic and Medicure; and 
reports having equity in Frond Medical. S. Jolly reports receiv-
ing grants or contracts from Boston Scientific; and payment or 
honoraria for lectures, presentations, speakers’ bureaus, manu-
script writing, or educational events from Penumbra. The other 
authors have no conflicts of interest to declare.

References
 1.    Gargiulo G, Giacoppo D, Jolly SS, Cairns J, Le May M, Bernat I, 

Romagnoli E, Rao SV, van Leeuwen MAH, Mehta SR, Bertrand OF, 
Wells GA, Meijers TA, Siontis GCM, Esposito G, Windecker S, Jüni P, 
Valgimigli M; Radial Trialists Collaboration. Effects on Mortality and 
Major Bleeding of Radial Versus Femoral Artery Access for Coronary 
Angiography or Percutaneous Coronary Intervention: Meta-Analysis of 
Individual Patient Data From 7 Multicenter Randomized Clinical Trials. 
Circulation. 2022;146:1329-43.

 2.  Writing Committee Members; Lawton JS, Tamis-Holland JE, Bangalore S, 
Bates ER, Beckie TM, Bischoff JM, Bittl JA, Cohen MG, DiMaio JM, 
Don CW, Fremes SE, Gaudino MF, Goldberger ZD, Grant MC, Jaswal JB, 
Kurlansky PA, Mehran R, Metkus TS Jr, Nnacheta LC, Rao SV, Sellke FW, 
Sharma G, Yong CM, Zwischenberger BA. 2021 ACC/AHA/SCAI 

Guideline for Coronary Artery Revascularization: Executive Summary: 
A  Report of the American College of Cardiology/American Heart 
Association Joint Committee on Clinical Practice Guidelines. J Am Coll 
Cardiol. 2022;79:197-215.

 3.  d’Entremont MA, Marquis-Gravel G, Paradis JM, Bérubé S, Seto AH, 
Nguyen P, Metha SR, Couture ÉL, Jolly SS. Strategies to Reduce 
Transfemoral Access Complications in Contemporary Interventional 
Cardiology. Can J Cardiol. 2023;39:1392-6.

 4.  Seto AH, Abu-Fadel MS, Sparling JM, Zacharias SJ, Daly TS, Harrison AT, 
Suh WM, Vera JA, Aston CE, Winters RJ, Patel PM, Hennebry TA, 
Kern MJ. Real-time ultrasound guidance facilitates femoral arterial access 
and reduces vascular complications: FAUST (Femoral Arterial Access With 
Ultrasound Trial). JACC Cardiovasc Interv. 2010;3:751-8.

 5.  Jolly SS, AlRashidi S, d’Entremont MA, Alansari O, Brochu B, Heenan L, 
Skuriat E, Tyrwhitt J, Raco M, Tsang M, Valettas N, Velianou JL, Sheth T, 
Sibbald M, Mehta SR, Pinilla-Echeverri N, Schwalm JD, Natarajan MK, 
Kelly A, Akl E, Tawadros S, Camargo M, Faidi W, Bauer J, Moxham R, 
Nkurunziza J, Dutra G, Winter J. Routine Ultrasonography Guidance for 
Femoral Vascular Access for Cardiac Procedures: The UNIVERSAL 
Randomized Clinical Trial. JAMA Cardiol. 2022;7:1110-8.

 6.  Marquis-Gravel G, Tremblay-Gravel M, Lévesque J, Généreux P, 
Schampaert E, Palisaitis D, Doucet M, Charron T, Terriault P, Tessier P. 
Ultrasound guidance versus anatomical landmark approach for femoral 
artery access in coronary angiography: A randomized controlled trial and 
a meta-analysis. J Interv Cardiol. 2018;31:496-503.

 7.  Nguyen P, Makris A, Hennessy A, Jayanti S, Wang A, Park K, Chen V, 
Nguyen T, Lo S, Xuan W, Leung M, Juergens C. Standard versus ultra-
sound-guided radial and femoral access in coronary angiography and inter-
vention (SURF): a  randomised controlled trial. EuroIntervention. 
2019;15:e522-30.

 8.  Soverow J, Oyama J, Lee MS. Adoption of Routine Ultrasound Guidance 
for Femoral Arterial Access for Cardiac Catheterization. J Invasive Cardiol. 
2016;28:311-4.

 9.  Damluji AA, Nelson DW, Valgimigli M, Windecker S, Byrne RA, Cohen F, 
Patel T, Brilakis ES, Banerjee S, Mayol J, Cantor WJ, Alfonso CE, Rao SV, 
Moscucci M, Cohen MG. Transfemoral Approach for Coronary 
Angiography and Intervention: A  Collaboration of International 
Cardiovascular Societies. JACC Cardiovasc Interv. 2017;10:2269-79.

 10.  Stewart LA, Clarke M, Rovers M, Riley RD, Simmonds M, Stewart G, 
Tierney JF; PRISMA-IPD Development Group. Preferred Reporting Items 
for Systematic Review and Meta-Analyses of individual participant data: 
the PRISMA-IPD Statement. JAMA. 2015;313:1657-65.

 11.  Sobolev M, Slovut DP, Chang AL, Shiloh AL, Eisen LA. Ultrasound-Guided 
Catheterization of the Femoral Artery: A  Systematic Review and Meta-
Analysis of Randomized Controlled Trials. J Invasive Cardiol. 
2015;27:318-23.

 12.  Rashid MK, Sahami N, Singh, Winter J, Sheth T, Jolly S. Ultrasound 
Guidance in Femoral Artery Catheterization: A  Systematic Review and 
a  Meta-Analysis of Randomized Controlled Trials. J Invasive Cardiol. 
2019;31:192-8.

 13.  Sorrentino S, Nguyen P, Salerno N, Polimeni A, Sabatino J, Makris A, 
Hennessy A, Giustino G, Spaccarotella C, Mongiardo A, De Rosa S, 
Juergens C, Indolfi C. Standard Versus Ultrasound-Guided Cannulation of 
the Femoral Artery in Patients Undergoing Invasive Procedures: A Meta-
Analysis of Randomized Controlled Trials. J Clin Med. 2020;9:677.

 14.  Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, 
Savović J, Schulz KF, Weeks L, Sterne JA; Cochrane Bias Methods Group; 
Cochrane Statistical Methods Group. The Cochrane Collaboration’s tool 
for assessing risk of bias in randomised trials. BMJ. 2011;343:d5928.

 15.  Dudeck O, Teichgräber U, Podrabsky P, Heanninen EL, Soerensen R, 
Ricke J. A randomized trial assessing the value of ultrasound-guided punc-
ture of the femoral artery for interventional investigations. Int J Cardiovasc 
Imaging. 2004;20:363-8.

 16.  Gedikoglu M, Oguzkurt L, Gur S, Andic C, Sariturk C, Ozkan U. 
Comparison of ultrasound guidance with the traditional palpation and 
fluoroscopy method for the common femoral artery puncture. Catheter 
Cardiovasc Interv. 2013;82:1187-92.



EuroIntervention 2024;20:66-74 • Marc-André d’Entremont et al.74

 17.  Slattery MM, Goh GS, Power S, Given MF, McGrath FP, Lee MJ. 
Comparison of ultrasound-guided and fluoroscopy-assisted antegrade 
common femoral artery puncture techniques. Cardiovasc Intervent Radiol. 
2015;38:579-82.

 18.  Tuna Katırcıbaşı M, Güneş H, Çağrı Aykan A, Aksu E, Özgül S. 
Comparison of Ultrasound Guidance and Conventional Method for 
Common Femoral Artery Cannulation: A  Prospective Study of 939 
Patients. Acta Cardiol Sin. 2018;34:394-8.

 19.  Stone P, Campbell J, Thompson S, Walker J. A prospective, randomized 
study comparing ultrasound versus fluoroscopic guided femoral arterial 
access in noncardiac vascular patients. J Vasc Surg. 2020;72:259-67.

 20.  Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J, 
Kaul S, Wiviott SD, Menon V, Nikolsky E, Serebruany V, Valgimigli M, 
Vranckx P, Taggart D, Sabik JF, Cutlip DE, Krucoff MW, Ohman EM, 
Steg PG, White H. Standardized bleeding definitions for cardiovascular 
clinical trials: a  consensus report from the Bleeding Academic Research 
Consortium. Circulation. 2011;123:2736-47.

 21.  Burke DL, Ensor J, Riley RD. Meta-analysis using individual participant 
data: one-stage and two-stage approaches, and why they may differ. Stat 
Med. 2017;36:855-75.

 22.  Tufanaru C, Munn Z, Stephenson M, Aromataris E. Fixed or random 
effects meta-analysis? Common methodological issues in systematic 
reviews of effectiveness. Int J Evid Based Healthc. 2015;13:196-207.

 23.  Higgins J, Thomas J, Chandler J, Cumpston M, Li T, Page M, Welch VA. 
Cochrane Handbook for Systematic Reviews of Interventions. 2nd Ed. 
Chichester, UK: John Wiley & Sons; 2019.

 24.  Doyle BJ, Ting HH, Bell MR, Lennon RJ, Mathew V, Singh M, Holmes DR, 
Rihal CS. Major femoral bleeding complications after percutaneous coro-
nary intervention: incidence, predictors, and impact on long-term survival 
among 17,901  patients treated at the Mayo Clinic from 1994 to 
2005. JACC Cardiovasc Interv. 2008;1:202-9.

 25.  Barili F, Parolari A, Kappetein PA, Freemantle N. Statistical Primer: hetero-
geneity, random- or fixed-effects model analyses? Interact Cardiovasc 
Thorac Surg. 2018;27:317-21.

 26.  d’Entremont MA, Alrashidi S, Alansari O, Brochu B, Heenan L, Skuriat E, 
Tyrwhitt J, Raco M, Tsang M, Valettas N, Velianou JL, Sheth TN, 
Sibbald M, Mehta SR, Pinilla-Echeverri N, Schwalm JD, Natarajan MK, 
Kelly A, Akl E, Tawadros S, Camargo M, Faidi W, Bauer J, Moxham R, 
Nkurunziza J, Dutra G, Winter J, Jolly SS. Ultrasound-guided femoral 
access in patients with vascular closure devices: a prespecified analysis of 
the randomised UNIVERSAL trial. EuroIntervention. 2023;19:73-9.

 27.  Azzalini L, Tosin K, Chabot-Blanchet M, Avram R, Ly HQ, Gaudet B, 
Gallo R, Doucet S, Tanguay JF, Ibrahim R, Gregoire JC, Crepeau J, 
Bonan R, de Guise P, Nosair M, Dorval JF, Gosselin G, L’Allier PL, 
Guertin MC, Asgar AW, Jolicoeur EM. The Benefits Conferred by Radial 
Access for Cardiac Catheterization Are Offset by a Paradoxical Increase in 
the Rate of Vascular Access Site Complications With Femoral Access: The 
Campeau Radial Paradox. JACC Cardiovasc Interv. 2015;8:1854-64.

 28.  Kotronias RA, Bray JJH, Rajasundaram S, Vincent F, Delhaye C, Scarsini R, 
Marin F, Terentes-Printzios D, Halcox JPJ, Mamas MA, Kharbanda R, Van 
Belle E, Banning AP. Ultrasound- Versus Fluoroscopy-Guided Strategy for 
Transfemoral Transcatheter Aortic Valve Replacement Access: A Systematic 
Review and Meta-Analysis. Circ Cardiovasc Interv. 2021;14:e010742.

 29.  Piedimonte G, Bertagnin E, Castellana C, Ferrarotto L, Mangione R, 
Venuti G, Valvo R, Scalia M, Capodanno D, Tamburino C, La Manna A. 
Ultrasound- Versus Fluoroscopy-Guided Femoral Access for Percutaneous 

Coronary Intervention of Chronic Total Occlusions: Insights From 
FOUND BLOOD CTO Registry. Cardiovasc Revasc Med. 2022;38:61-7.

 30.  Mehran R, Pocock S, Nikolsky E, Dangas GD, Clayton T, Claessen BE, 
Caixeta A, Feit F, Manoukian SV, White H, Bertrand M, Ohman EM, 
Parise H, Lansky AJ, Lincoff AM, Stone GW. Impact of bleeding on mor-
tality after percutaneous coronary intervention: results from a patient-level 
pooled analysis of the REPLACE-2 (randomized evaluation of PCI linking 
angiomax to reduced clinical events), ACUITY (acute catheterization and 
urgent intervention triage strategy), and HORIZONS-AMI (harmonizing 
outcomes with revascularization and stents in acute myocardial infarction) 
trials. JACC Cardiovasc Interv. 2011;4:654-64.

Supplementary data
Supplementary Table 1. Search strategy.
Supplementary Table 2. Included study characteristics.
Supplementary Table 3. Excluded studies after eligibility 
screening.
Supplementary Table 4. Risk-of-bias assessment using the 
Cochrane Collaboration risk-of-bias tool.
Supplementary Table 5. Subgroup analyses for the primary 
composite outcome in participants with and without heparin 
and GPIIb/IIIa inhibitors.
Supplementary Table 6. Main outcomes by as-treated analysis 
(by participant and by access, see section titles).
Supplementary Figure 1. PRISMA-IPD flow diagram.
Supplementary Figure 2. Funnel plot for major bleeding or 
major vascular complications.
Supplementary Figure 3. Leave-one-out analysis for the vas-
cular closure device subgroup for the primary composite 
outcome.
Supplementary Figure 4. Two-stage fixed-effect and random-
effects meta-analysis for the primary composite outcome.
Supplementary Figure 5. Two-stage fixed-effect and random-
effects meta-analysis for major vascular complications.
Supplementary Figure 6. Two-stage fixed-effect and random-
effects meta-analysis for BARC 2 or 3 bleeding.
Supplementary Figure 7. Two-stage fixed-effect and random-
effects meta-analysis for BARC 3 bleeding.
Supplementary Figure 8. Two-stage fixed-effect and random-
effects meta-analysis for BARC 2 bleeding.
Supplementary Figure 9. Two-stage fixed-effect and random-
effects meta-analysis for the number of attempts. 
Supplementary Figure 10. Two-stage fixed-effect and random-
effects meta-analysis for venipunctures. 
Supplementary Figure 11. Two-stage fixed-effect and random-
effects meta-analysis for successful common femoral artery 
cannulation. 

The supplementary data are published online at:  
https://eurointervention.pcronline.com/ 
doi/10.4244/EIJ-D-22-00809 



Supplementary data 

 

Supplementary Table 1. Search strategy. 
 

Pubmed 

 

Search strategy (“Femoral Artery”[Mesh] OR femoral artery*[tiab]) 

AND 

(“Ultrasonography”[Mesh] OR ultraso*[tiab]) 

AND 

("Randomized Controlled Trial" [Publication Type] OR random*[tiab]) 

 

Restrictions English language 

Randomized Controlled Trial 

Results With the search strategy and restriction, we obtained 279 results on June 23, 

2022.  

 

 

Embase 

 

Search strategy Femoral artery.mp. or femoral artery/ 

AND 

Ultrasound.mp. or ultrasound/ 

AND 

Randomized controlled trial.mp or randomized controlled trial/  

Restrictions English language only 

Randomized controlled trial 

Results With the search strategy and restriction, we obtained 179 results on June 23, 

2022  

 

 

CENTRAL 

 

Search strategy MeSH descriptor: [Femroral Artery] 

 

AND 

 

MeSH descriptor: [Ultrasonography] 

 

Restrictions Trials only 

Results With the search strategy and restrictions, we obtained 210 results on June 23, 

2022.   

 

Total results 668 results 



Supplementary Table 2. Included study characteristics. 
Study Population Intervention Control Mean age in years – mean 

(SD) 
Female – no. (%) Types of operators Primary 

outcome 
Sheath 
sizes 

(Fr) 

Overall 
VCD use 

(%) US No-US US No-US 

Studies included in the individual participant-level data meta-analysis 

Seto 2010 Patients undergoing 
diagnostic or interventional 

coronary or peripheral 
procedures from the 
retrograde femoral arterial 
approach 

US guidance (n = 503) Landmark, arterial 
palpation, and fluoroscopic 

guidance (n = 501) 

63.5 (12.4) 64.2 (11.4) 132 
(26.3) 

135 
(26.9) 

Interventional 
cardiologists (6.6%) 

/ fellows (93.4%) 

Successful 
CFA 

cannulation 

5.6 
(0.9) 

61.6% 

Marquis-

Gravel 2018 

Patients undergoing 

elective or urgent coronary 
angiography via a 
retrograde arterial 
approach 

US guidance  

(n = 64) 

Landmark, arterial 

palpation with fluoroscopic 
guidance only as bailout (n 
= 65) 

65 (10.6) 65.9 (9.9) 16 

(25.0) 

18 

(28.0) 

Interventional 

cardiologists (100%) 

Composite of 

immediate 
procedural 
outcomes and 
access-site 

outcomes at 
day one 

5-6 Not 

specified 

Nguyen 2019 Patients referred for 
coronary angiography and 
percutaneous coronary 

intervention via a 
retrograde approach 

US guidance (n = 331) Landmark, arterial 
palpation, and fluoroscopic 
guidance (n = 357) 

63.2 (11.1) 63.8 (11.3) 98 
(29.6) 

103 
(28.0) 

Interventional 
cardiologists 
(23.2%) / fellows 

(76.8%) 

30-day 
ACUITY 
major 

bleeding, 
MACE, and 
vascular 

complications 

6-7 37.9% 

Jolly 2022 Patients referred for 

coronary angiography and 
percutaneous coronary 
intervention via a 

retrograde approach 

US guidance (n = 311) Landmark, arterial 

palpation, and fluoroscopic 
guidance (n = 310) 

70.5 (10.2) 70.7 (10.3) 80 

(25.8) 

78 

(25.1) 

Interventional 

cardiologists 
(48.0%) / fellows 
(52.0%) 

Major 

vascular 
complication 
or major 

bleeding 

5-8 52.2% 

Studies included in the aggregate-level data meta-analysis 

Dudeck 2004 Patients referred for 

diagnostic or therapeutic 
arterial procedures 

US guidance (n = 56) Landmark and arterial 

palpation (n = 56) 

60 (15.0)
 

60 (13.0)
 

24 

(42.9) 

18 

(32.1) 

Interventional 

radiologists (100%) 

No specified 

primary 
outcome  

4-5 

 

None 

Gedikoglu 
2013 

Patients referred for 
diagnostic or therapeutic 
procedures through a 

retrograde arterial 
approach 

US guidance (n = 108) Landmark, arterial 
palpation, and fluoroscopic 
guidance (n = 100) 

59.0 (15.2) 59.5 (13.2) 38 
(35.1) 

34 
(34.0) 

Angiographers > 5 
years experience 
(57.7%) / 

angiographers with 
< 5 years experience 
(42.3%) 

No specified 
primary 
outcome 

5-7 None 

Slattery 2015 Patients undergoing a 
vascular procedure with an 

antegrade arterial approach 

US guidance 
(n = 53) 

Landmark, arterial 
palpation, and fluoroscopic 

guidance (n = 47) 

69.8 (32.8) 66 (41.3) 15 
(28.3) 

16 
(34.0) 

Interventional 
radiologists 

(unspecified if 
trainees involved) 

No specified 
primary 

outcome 

Not 
specifi

ed 

85% 

Katircibasi 
2018 

Patients undergoing 
diagnostic or interventional 
coronary or peripheral 

procedure via a retrograde 
arterial approach 

US guidance (n = 449) Landmark, arterial 
palpation, and fluoroscopic 
guidance (n = 490) 

60.3 (11.3) 59.8 (10.6) 216 
(48.1) 

233 
(47.6) 

Interventional 
cardiologists (100%) 

No specified 
primary 
outcome 

6 None 

Stone 2020 Patients undergoing 
noncoronary endovascular 
interventions requiring 

retrograde or antegrade 
arterial approach 

US guidance (n = 319) Landmark, arterial 
palpation, and fluoroscopic 
guidance (n = 316) 

65.4 (10.6) 65.4 (11.6) 152 
(47.6) 

159 
(50.3) 

Vascular surgeons 
(56.6%) / fellows 
(43.4%) 

Successful 
CFA 
cannulation 

5.9 
(0.9) 

41.3% 

ACUITY, Acute Catheterization and Urgent Intervention Triage Strategy; CFA, Common femoral artery; Fr, French; MACE, Major adverse cardiovascular events; SD, Standard deviation; US, Ultrasound; VCD, Vascular 
closure device. 
 



Supplementary Table 3. Excluded studies after eligibility screening. 
Study 
 

Reason for exclusion Reference 

Shiver 2006
1
 

 

Ineligible as the access site was radial and not femoral. Shiver S, Blaivas M, Lyon M. A prospective comparison of ultrasound-guided and blindly placed radial arterial 

catheters. Acad Emerg Med 2006;13(12):1275-9. 
 

Spiliopoulous 2011
2
  Ineligible because the intervention was local analgesia under ultrasound 

guidance versus no ultrasound guidance, and subsequently all participants 
underwent common femoral catheterization with ultrasound guidance. 

Spiliopoulos S, Katsanos K, Diamantopoulos A, Karnabatidis D, Siablis D. Does ultrasound-guided lidocaine 
injection improve local anaesthesia before femoral artery catheterization? Clin Radiol 2011;66(5):449-55. 
 

Surmacz 2015
3
 

 
Ineligible as this study was performed on a pediatric population (mean age 
of 14 months in the ultrasound-guided group versus 12 months in the 

anatomic landmark group). 

49th Annual Meeting of the Association for European Paediatric and Congenital Cardiology, AEPC with joint 
sessions with the Japanese Society of Pediatric Cardiology and Cardiac Surgery, Asia-Pacific Pediatric 

Cardiology Society, European Association for Cardio-Thoracic Surgery and Canadian Pediatric Cardiology 
Association, Prague, Czech Republic, 20–23 May 2015. Cardiology in the Young 2015;25(S1):S1-S180. 
 

Siddik-Sayyid 2016
4
 Ineligible as this study was performed on a pediatric population (mean age 

of 37.9 months in the ultrasound group versus 30.6 in the anatomic 

landmark group). Furthermore, the common femoral artery was cannulated 
for hemodynamic monitoring purposes and not for angiography.  

Siddik-Sayyid SM, Aouad MT, Ibrahim MH, Taha SK, Nawfal MF, Tfaili YJ, Kaddoum RN. Femoral arterial 
cannulation performed by residents: a comparison between ultrasound-guided and palpation technique in infants 

and children undergoing cardiac surgery. Paediatr Anaesth 2016;26(8):823-30. 
 

Seto 2017
5
 Ineligible as this manuscript is a substudy of the FAUST trial and not a 

randomized controlled trial.  
Seto AH, Tyler J, Suh WM, Harrison AT, Vera JA, Zacharias SJ, Daly TS, Sparling JM, Patel PM, Kern MJ, 
Abu-Fadel M. Defining the common femoral artery: Insights from the femoral arterial access with ultrasound 
trial. Catheter Cardiovasc Interv 2017;89(7):1185-1192. 

 

Bettari 2018
6
 

 
This study was presented as an abstract at EuroPCR in 2019. There are no 
effect estimates in the abstract. A full-text article could not be found. The 
authors could not be reached.  

Bettari L, Maffeo D, Maiandi C, Zannoti L, Leonzi O, Cuccia C. Ultrasound-guided vs. fluoroscopy-guided 
femoral artery access in transfemoral TAVR using the Medtronic CoreValve system: single-centre experience. 
EuroPCR (abstract) 2019. 
 

Koshy 2018
7
 This study was a post-hoc analysis of the SAFE-PCI trial and not a 

randomized controlled trial. 

Koshy LM, Aberle LH, Krucoff MW, Hess CN, Mazzaferri E, Jr., Jolly SS, Jacobs A, Gibson CM, Mehran R, 

Gilchrist IC, Rao SV. Comparison of Radial Access, Guided Femoral Access, and Non-Guided Femoral Access 
Among Women Undergoing Percutaneous Coronary Intervention. J Invasive Cardiol 2018;30(1):18-22. 
 

Boran 2020
8
 

 
Ineligible as this study was performed on a pediatric population (mean age 
of 17 days in both groups) and the intervention was two different variations 

of an US-guided technique.  

Boran OF, Urfalıoglu A, Arslan M, Yazar FM, Bilal B, Orak Y, Eroğlu E. Effects of vascular morphological 
features and ultrasound-guided vascular cannulation techniques on the success of femoral artery catheterisation 

in newborns. J Clin Monit Comput 2020;34(3):607-614. 
 

Salik 2021
9
  

 
Ineligible as this study was performed on a pediatric population (mean age 
of 21 days in the ultrasound group versus 18.3 in the anatomic landmark 
group). Furthermore, the common femoral artery was cannulated for 

hemodynamic monitoring purposes and not for angiography. 

Salik F, Bicak M. Comparison of ultrasound-guided femoral artery cannulation versus palpation technique in 
neonates undergoing cardiac surgery. The Journal of Vascular Access 2021;1(8). 
 

Lazaar 2021
10

 
 

Ineligible as this study combined both venous and arterial accesses with the 
accesses being used as central lines and hemodynamic monitoring.  

Lazaar S, Mazaud A, Delsuc C, Durand M, Delwarde B, Debord S, Hengy B, Marcotte G, Floccard B, Dailler F, 
Chirossel P, Bureau-Du-Colombier P, Berthiller J, Rimmelé T. Ultrasound guidance for urgent arterial and 
venous catheterisation: randomised controlled study. Br J Anaesth 2021;127(6):871-878. 
 

Abdelbaser 2022
11 

 

Ineligible as this study was performed on a pediatric population (mean age 

in the short-axis group of 124 days and in the long-axis group of 134 days). 
Furthermore, the intervention was US-guided transfemoral access by short-
axis versus long-axis on ultrasound.  

Abdelbaser I, Mageed NA, Elmorsy MM, Elfayoumy SI. Ultrasound-Guided Long-Axis Versus Short-Axis 

Femoral Artery Catheterization in Neonates and Infants Undergoing Cardiac Surgery: A Randomized Controlled 
Study. J Cardiothorac Vasc Anesth 2022;36(3):677-683. 

FAUST, Femoral Arterial Access with Ultrasound Trial; SAFE-PCI, Study of Access Site for Enhancement of PCI for Women, US, Ultrasound 

 

 

 

 

 

 



Supplementary Table 4. Risk-of-bias assessment using the Cochrane Collaboration risk-of-bias tool. 
Study Randomization process Deviations from the intended 

interventions 
Missing outcome data Measurement of outcome Selection of reported result Overall bias 

Studies included in the individual participant-level data meta-analysis 

 
Seto 2010 Low risk 

 
Randomization by concealed 
prepared envelopes balanced 

in groups of either 50 or 80 
by each center. 
 
 

Some concern 

 
Unblinded, however, minimal 
deviations from intended 

interventions. 
 

 Low risk 

 
No clinically important 
missing data. 

Low risk 

 
Two blinded investigators 
reviewed angiograms. An 

independent blinded clinical 
events committee reviewed 
clinical outcomes. 

Low risk 

 
Pre-specified analysis plan is 
available on clinicaltrial.gov 

(NCT00667381). 

Some concern 

 
The operators and 
participants could not be 

blinded to the intervention. 
However, minimal bias is 
expected to have occurred 
given the blinded clinical 

event adjudication. 

Marquis-Gravel 
2018 

Low risk 
 
Standard 1:1 randomization, 
however, sequence not fully 

explained.  
 
 
 

 

Some concern 
 
Unblinded, however, minimal 
deviations from intended 

interventions. 
 

Low risk 
 
No clinically important 
missing data. 

Low risk 
 
Two blinded investigators 
reviewed angiograms. A 

blinded investigator recorded 
the measurement of 
outcomes.  

Some concern 
 
No available pre-specified 
analysis plan and no pre-

registration of trial. 

Some concern 
 
The operators and 
participants could not be 

blinded to the intervention. 
However, minimal bias is 
expected to have occurred 
given the blinded clinical 

event adjudication. 

Nguyen 2019 Low risk 
 
Patients were randomized 
(1:1) to radial or femoral 

access and then (1:1) to 
either standard or ultrasound 
guidance. Sealed envelopes 
in blocks of 50 were used for 

randomization. 

Some concern 
 
Unblinded, however, minimal 
deviations from intended 

interventions. 
 

Low risk 
 
No clinically important 
missing data. 

Low risk 
 
An independent observer 
recorded procedural details. 

An independent clinical 
events committee blinded to 
treatment allocation 
adjudicated all suspected 

outcome events.  

Low risk 
 
Pre-specified primary outcome 
with adequate power 

calculation.  

Some concern 
 
The operators and 
participants could not be 

blinded to the intervention. 
However, minimal bias is 
expected to have occurred 
given the blinded clinical 

events committee. 

Jolly 2022 Low risk 
 
Randomization was 
performed using a centralized 

computer service and 
stratified by planned closure 
device use. 
 

 

Some concern 
 
Unblinded, however, minimal 
deviations from intended 

interventions. 
 

Low risk 
 
No clinically important 
missing data. 

Low risk 
 
Two blinded investigators 
reviewed angiograms. An 

independent blinded clinical 
events committee reviewed 
clinical outcomes. 

Low risk 
 
Pre-specified analysis plan is 
available on JAMA 

Cardiol. 2022;7(11):1110-1118. 
 

Some concern 
 
The operators could not be 
blinded to the intervention. 

However, minimal bias is 
expected to have occurred 
given the blinded clinical 
events committee. 

Studies included in the aggregate-level data meta-analysis 
 

Dudeck 2004 
 
 

 

Low risk 
 
Randomization by concealed 

prepared envelopes. 
 

Some concern 
 
Unblinded, however, minimal 

deviations from intended 
interventions. 
 

Low risk 
 
No clinically important 

missing data. 

Some concern 
 
Measurement of outcome 

performed by operators. No 
independent adjudication 
committee. 

 Some concern 
 
No available pre-specified 

analysis plan and no pre-
registration of the trial.  

Some concern 
 
The absence of blinded 

adjudication of clinical 
events and no pre-specified 
analysis plan may diminish 
the quality of this study 

regarding the validity of 
bias-susceptible outcomes.  

Gedikoglu 2013 Some concern 
 
Randomization sequence not 

explained. 
 

Some concern 
 
Unblinded, however, minimal 

deviations from intended 
interventions. 

 Low risk 
 
No clinically important 

missing data. 

 High risk 
 
Measurement of outcome 

performed by the operator 
who performed the 

 Some concern 
 
No available pre-specified 

analysis plan and no pre-
registration of trial.  

High risk 
 
The absence of blinded 

adjudication of clinical 
events and pre-specified 



 
 

 procedure. No independent 
adjudication committee. 

analysis plan may diminish 
the quality of this study 
regarding the validity of 
bias-susceptible outcomes. 

Slattery 2015 Low risk 

 
Standard 1:1 randomization, 
however, sequence not fully 
explained.  

 
 
 

Some concern 

 
Unblinded, however, minimal 
deviations from intended 
interventions. 

 

Low risk 

 
No clinically important 
missing data. 

Some concern 

 
Measurement of outcome 
performed by operators. No 
independent adjudication 

committee. 

Some concern 

 
No available pre-specified 
analysis plan and no pre-
registration of trial. 

Some concern 

 
The absence of blinded 
adjudication of clinical 
events and pre-specified 

analysis plan may diminish 
the quality of this study 
regarding the validity of 

bias-susceptible outcomes. 
Katircibasi 2018 Low risk 

 
Standard randomization, 
however, sequence not fully 

explained.  
 

Some concern 

 
Unblinded, however, minimal 
deviations from intended 

interventions. 
 

Low risk 

 
No clinically important 
missing data. 

Some concern 

 
Measurement of outcome 
performed by operators. No 

independent adjudication 
committee. 

Some concern 

 
No available pre-specified 
analysis plan and no pre-

registration of trial. 

Some concern 

 
The absence of blinded 
adjudication of clinical 

events and pre-specified 
analysis plan may diminish 
the quality of this study 
regarding the validity of 

bias-susceptible outcomes. 

Stone 2020 Low risk 
 
Randomization by concealed 
envelopes prepared by the 

institutional biostatistician. 
 

Come concern 
 
Unblinded, however, minimal 
deviations from intended 

interventions. 
 

Low risk 
 
No clinically important 
missing data. 

Low risk 
 
Nursing staff blinded to 
intervention allocation. 

Nursing and midlevel 
providers involved in the 
post-procedural care were 
blinded.  

 
 

Low risk 
 
Pre-specified primary outcome 
with adequate power 

calculation. 

Some concern 
 
The operators and 
participants could not be 

blinded to the intervention. 
However, minimal bias is 
expected to have occurred 
given the blinded clinical 

event adjudication. 

 
 

 
 
 

 
 

 
 
 

 
 

 
 
 

 
 



 
Supplementary Table 5. Subgroup analyses for the primary composite outcome in participants with and without heparin and GPIIb/IIIa 

inhibitors. 

Subgroup No. of 

participants 

US No-US OR (95% CI) p Interaction 

p 

 

Heparin 

Yes 1,240 11/612 (1.8) 27/628 (4.3) 0.41 (0.21, 0.83) 0.01 
0.14 

No 1,199 23/596 (3.9) 28/603 (4.6) 0.81 (0.46, 1.42) 0.45 

 
G2b3a 

Yes 91 1/43 (2.3) 7/48 (14.6) 0.13 (0.02, 1.18) 0.07 
0.16 

No 2345 33/1164 (2.8) 48/1181 (4.1) 0.67 (0.43, 1.07) 0.09 

 
 



Supplementary Table 6. Main outcomes by as-treated analysis (by participant and by 

access, see section titles). 
 Ultrasound  

(n = 1,215) 

 

No-

Ultrasound 

(n = 1,226) 

Odds ratio (95% 

CI)  

p-value 

 

Primary outcome (by patient) 

Major vascular complications (femoral artery 

pseudoaneurysm, AV fistula, retroperitoneal 

bleed, large hematoma over 5cm in diameter, 

ischemic limb requiring intervention or 

surgery) or BARC 3 bleeding – no. (%) 

 

34 (2.8) 55 (4.5) 0.60 (0.39, 0.92) 0.02 

 

Secondary outcomes (by patient) 

Major vascular complications (femoral artery 

pseudoaneurysm, AV fistula, retroperitoneal 

bleed, large hematoma over 5cm in diameter, 

ischemic limb requiring intervention or 

surgery) or BARC 2 or 3 bleeding – no. (%) 

 

54 (4.4) 77 (6.3) 0.66 (0.46, 0.95) 0.03 

Major vascular complications (femoral artery 

pseudoaneurysm, AV fistula, retroperitoneal 

bleed, large hematoma more than 5cm in 

diameter, ischemic limb requiring 

intervention or surgery) – no. (%) 

 

29 (2.4) 49 (4.0) 0.57 (0.35, 0.90)  0.01 

BARC 2 or 3 bleeding – no. (%) 41 (3.4) 60 (4.9) 0.65 (0.43, 0.98) 0.04 

BARC 3 bleeding – no. (%) 

 
9 (0.7) 7 (0.6) 1.30 (0.48, 3.50) 0.60 

BARC 2 bleeding – no. (%) 35 (2.9) 53 (4.3) 0.40 (0.62, 0.97) 0.036 

 

Individual components of major vascular complications (by patient) 

Femoral artery pseudoaneurysm – no. (%) 

 
6 (0.5) 7 (0.6) 0.87 (0.30, 2.54) 0.79 

AV fistula – no. (%) 

 
1 (0.1) 0 (0.0) NA NA 

Retroperitoneal bleed – no. (%) 

 
2 (0.2) 1 (0.1) 2.02 (0.18 – 22.5) 0.57 

Large hematoma of more than 5cm in 

diameter – no. (%) 

 

25 (2.1) 45 (3.7) 0.53 (0.32 – 0.87) 0.012 

Ischemic limb requiring intervention or 

surgery – no. (%) 
0 (0.0) 2 (0.2) NA NA 

 

Procedural outcomes (by access) 

 Ultrasound 

(n = 1,217) 

No 

Ultrasound 

(n = 1,240) 

Odds ratio (95% 

CI) or mean 

difference (95% 

CI) 

 

p-value 

Number of attempts – mean + SD 

 
1.47 + 0.82 2.17 + 1.78 -0.70 (-0.85, -0.55) <0.001 



Venipuncture – no. (%) 

 
63 (5.2) 175 (14.3) 0.33 (0.24, 0.44) <0.001 

 

Common femoral artery cannulation (by access) 

 

 

 

Ultrasound 

(n = 869) 

No 

Ultrasound 

(n = 856) 

  

Successful common femoral artery canulation 

– no. (%)1 

 

 763 (87.0) 732 (86.3) 1.06 (0.80, 1.40) 0.68 

 
 
 

 
 

 
 
 

 



 

 

Supplementary Figure 1. PRISMA-IPD flow diagram. 

 



 

 

 
 

 
Supplementary Figure 2. Funnel plot for major bleeding or major vascular complications. 
 

 
 



 
 
 

Supplementary Figure 3. Leave-one-out analysis for the vascular closure device subgroup for the primary composite outcome. 
 

 
 



 
 

 

 
Supplementary Figure 4. Two-stage fixed-effect and random-effects meta-analysis for the primary composite outcome. 

 
  



 
 

 
Supplementary Figure 5. Two-stage fixed-effect and random-effects meta-analysis for major vascular complications. 
 

  



 
 

 

Supplementary Figure 6. Two-stage fixed-effect and random-effects meta-analysis for BARC 2 or 3 bleeding. 

 

  



 

 
 

Supplementary Figure 7. Two-stage fixed-effect and random-effects meta-analysis for BARC 3 bleeding. 

 

 
  



 
 

 

Supplementary Figure 8. Two-stage fixed-effect and random-effects meta-analysis for BARC 2 bleeding. 
 

  



 
 

 

Supplementary Figure 9. Two-stage fixed-effect and random-effects meta-analysis for the number of attempts.  
 

 

  



 
 

 
Supplementary Figure 10. Two-stage fixed-effect and random-effects meta-analysis for venipunctures.  

 

  



 

 
 

 

 

Supplementary Figure 11. Two-stage fixed-effect and random-effects meta-analysis for successful common femoral artery 

cannulation. 
 

 
 


