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Abstract
Aims: The aim of this study was to compare the performance of the Tiger-II with Judkins 3.5L/4R catheters 
in coronary angiography (CAG) via the transradial approach (TRA).

Methods and results: Consecutive patients undergoing non-urgent CAG via the right TRA were ran-
domised to either the Tiger-II (Terumo) or Judkins (3.5L/4R; Medtronic) 5 Fr catheters; 320 patients in 
each group were randomised. Catheter or access site change was required in 57 (17.8%) vs. 68 (21.3%) 
patients allocated to the Tiger-II and Judkins group, respectively (p=0.3). The study’s primary endpoint of 
contrast volume (ml) used until completion of CAG was lower for Tiger-II vs. Judkins group: 66.8 (54.0-
82.0) vs. 73.4 (60.0-94.1), p<0.001. Angiography, fluoroscopy time (min) and severe spasm rate were also 
significantly lower for Tiger-II vs. Judkins group: 5.52 (4.17-7.32) vs. 6.85 (5.15-9.63), p<0.00, 2.01 (1.32-
3.13) vs. 2.24 (1.50-3.50), p=0.01 and 6 (2.8%) vs. 39 (12.2%), p<0.001, respectively. The Tiger-II cath-
eter obtained better opacification grade for the right coronary artery (RCA): 4.0 (4.0-4.0) vs. 4.0 (3.0-4.0), 
p=0.02, but slightly compromised opacification of the left anterior descending (LAD) and left circumflex 
(LCX) arteries compared with the Judkins group: 3.75 (3.0-4.0) vs. 4.0 (3.5-4.0), p<0.001, and 3.78 (3.6-
4.0) vs. 4.0 (3.6-4.0), p<0.001, respectively.

Conclusions: The Tiger-II was found superior to the Judkins 3.5L/4R regarding contrast volume use, pro-
cedural and fluoroscopy time, spasm rate and RCA imaging, and inferior regarding LAD and LCX imaging. 
ClinicalTrials.gov Identifier: NCT03042845
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Catheters in transradial angiography

Abbreviations
ACS acute coronary syndrome
CAG coronary angiography
ITT intention-to-treat
LAD left anterior descending artery
LCX left circumflex artery
mITT modified intention-to-treat
PCI percutaneous coronary intervention
PP per protocol
RCA right coronary artery
TRA transradial approach

Introduction
Carrying out diagnostic coronary angiography (CAG) via the right 
radial artery is now common practice1-5. The transradial approach 
(TRA) exhibits clinical benefit in terms of safety and efficacy 
over transfemoral access, as it has been shown to reduce mortal-
ity, major adverse cardiovascular events and major bleeding in 
patients with acute coronary syndrome (ACS) undergoing percuta-
neous coronary intervention (PCI)6,7.

Judkins catheters – initially designed for coronary catheterisa-
tion via the femoral artery – and the Tiger catheter – designed 
for transradial use – are in descending order the most frequently 
used catheters for TRA worldwide8, but no specific recommen-
dation on catheter selection is given and their use remains at the 
operator’s discretion9.

Evidence on the comparative performance of the left/right 
Judkins and Tiger catheters in patients undergoing diagnos-
tic CAG via the right radial artery is scarce. In a retrospective 
study of 273 patients, the Tiger catheter has been associated with 
higher contrast volume, fluoroscopy time and need for cathe-
ter change compared to the Judkins catheters10. Kim et al per-
formed the first randomised comparison between these catheters 
in 160 patients showing shorter fluoroscopy time with Tiger 
use, with only a pre-specified number of angiographic views 
being taken into account11. In a more recent randomised study 
by Chen et al involving 110 patients, the Tiger catheter resulted 
in a shorter fluoroscopy time and no difference in contrast vol-
ume used compared with Judkins catheters, with endpoints being 
measured up to the need for catheter change12. However, both 
these randomised studies were limited by a relatively small sam-
ple size and the lack of an intention-to-treat design.

The purpose of this study was to compare the use of Tiger vs. 
Judkins catheters as a default strategy in patients undergoing non-
urgent CAG through the TRA. The use of a catheter demonstrating 
superiority in terms of contrast volume used, temporal and radia-
tive features, would be beneficial, especially in high-volume cath-
eterisation laboratories.

Methods
This was a prospective, two-centre, randomised study of parallel 
design, designed to assess the performance of the Tiger-II (5 Fr; 
Terumo Interventional Systems, Somerset, NJ, USA) vs. Judkins 

(5 Fr, 3.5L/4R; Medtronic, Minneapolis, MN, USA) in CAG via 
the right TRA.

Consecutive patients undergoing non-urgent CAG were ran-
domised after successful cannulation of the right radial artery 
in a 1:1 ratio to the use of either left/right Judkins (JL3.5/JR4) 
catheters or the Tiger-II catheter. Computer-generated ran-
dom numbers were used for randomisation, stratified by centre. 
Participating centres used the right TRA as a default strategy and 
all operators were either highly experienced (>1,000 angiograms 
overall) or qualified (≥80 procedures a year) in TRA and in the 
use of both Judkins and Tiger-II catheters5,9. All patients received 
50 IU/kg or a 5,000 IU bolus of heparin and 200 μg of nitroglyc-
erine intra-arterially.

Patients were excluded if they presented with an indication 
for urgent CAG (ST-elevation myocardial infarction or non-
ST-elevation myocardial infarction with an indication for CAG 
within two hours), haemodynamic instability, non-palpable right 
coronary artery, negative Allen test, prior coronary artery bypass 
grafting, dialysis or known severe renal impairment (creatinine 
clearance <30 ml/min). Patients were also excluded in case of 
non-availability of either study catheter or qualified operator as 
previously described.

Operators were encouraged to obtain at least four standard 
views to image the left coronary artery (LCA) and two standard 
views for the right coronary artery (RCA); however, the final 
number of views was at the operator’s discretion. Angiographic 
image quality was assessed by offline review of all angio-
grams – loaded to RadiAnt DICOM viewer, version 3.4.2.13370 
(Medixant, Poznan, Poland) by two experienced operators (I.X. 
and P.D.).

ENDPOINTS
The primary objective of the study was to investigate the hypoth-
esis of the superiority of the Tiger-II catheter vs. Judkins 3.5L/4R 
catheters in terms of contrast volume used (including leftover con-
trast) for completion of CAG. The study’s primary endpoint was 
contrast volume (in ml) used until completion of CAG in an inten-
tion-to-treat (ITT) analysis.

The study’s secondary endpoints were duration of CAG (min), 
fluoroscopy time (min) and dose area product (DAP: cGy*cm2) 
between groups. Other study endpoints involved coronary opacifi-
cation, catheter contact with the coronary ostium, catheter stability 
within coronary ostium scores and excessive ostium engagement 
between groups.

All endpoints were measured from the entrance of the first 
angiographic catheter into the sheath to the removal of the last 
angiographic catheter from the sheath upon completion of the 
diagnostic CAG. Primary analysis was based on the ITT prin-
ciple: assessment was continued in case of need for catheter or 
access site change until CAG completion. A per-protocol (PP) 
analysis (assessment only in cases without catheter failure) was 
also performed. When the decision was made to perform left 
ventriculo graphy, aortography or other diagnostic assessment or 
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Onset of coronary
angiogram Catheter failure

End of coronary
angiogram

Time

Views not taken into account
Graded views

ITT analysis N=4,221

PP analysis N=3,370

mlTT analysis N=3,670

Figure 1. Angiographic image quality analysis description in case of 
catheter failure. ITT: intention-to-treat; mITT: modified intention-to-
treat; PP: per-protocol

to proceed to ad hoc PCI, the study was stopped and the out-
comes were measured only up to that point.

In angiographic image quality analyses, all angiographic 
views were evaluated and mean scores were calculated for 
each case. Results are presented by ITT and PP analysis.  
A modified ITT (mITT) analysis was also used to express catheter 
failure: angiographic views until coronary angiogram completion 
were assessed excluding views not obtained by the right TRA and 
the originally allocated catheter. (Figure 1).

DEFINITIONS
Catheter failure was defined as the need for study catheter change 
and/or access site change for completion of CAG. Spasm was 
graded as mild (causing well tolerated local pain), moderate (severe 
pain but the handling of catheters remains satisfactory) or severe 
(leading to catheter failure). Details on angiographic image quality 
grading are provided in the Supplementary Appendix. Angiography 
time was defined as the interval from the insertion of the first diag-
nostic coronary catheter in the sheath until the exit of the last diag-
nostic catheter from the sheath. Fluoroscopy time was defined as the 
cumulative duration of fluoroscopy during angiography time.

SAMPLE SIZE CALCULATION
Based on published data12, we hypothesised that Tiger catheter use 
would lead to an absolute decrease of at least 5 ml in contrast vol-
ume use compared with Judkins catheters (48 and 53 ml for Tiger 
and Judkins catheters, respectively, with estimated standard devia-
tion of 17 for both). With a two-sided alpha of 0.05, group sample 
sizes of at least 316 and 316 patients would achieve 95% power to 
detect this difference.

STATISTICAL ANALYSIS
Categorical data (compared with Fisher’s exact test) are pre-
sented as frequencies and group percentages. Continuous data 
with normal distribution (compared with the Student’s t-test) 
are presented as means±standard deviation (SD). Continuous 
data with skewed distribution are presented as medians (first 
to third quartile) and compared with the Mann-Whitney U test. 
The Kolmogorov-Smirnov test was used to assess data normal-
ity. Inter-observer and intra-observer agreement was performed 
by calculating an intraclass correlation coefficient (ICC) using 
a two-way mixed-effects model for absolute agreement, in 
40 randomly selected cases. All tests were two-tailed and statis-
tical significance was considered for p-values <0.05. Analyses 
were performed using SPSS for Windows, Version 16.0 (SPSS 
Inc., Chicago, IL, USA) and GraphPad Prism v.5 (GraphPad 
Software, Inc., La Jolla, CA, USA).

The study was conducted according to the Declaration of 
Helsinki. All patients participating in the study gave written 
informed consent. The study was approved by the authorised local 
ethics committee in clinical research. The study is registered on 
ClinicalTrials.gov (NCT03042845).

Results
Between October 2016 and May 2017, 320 and 320 patients were 
randomised to the Tiger and Judkins groups, respectively (Figure 2). 
Patients’ demographic and clinical characteristics (Table 1) did not 
differ significantly between groups.

There were no procedural complications in either group. The 
overall observed catheter failure rate was 19.5% and did not dif-
fer significantly between groups (p=0.3) (Table 2). Reasons for 
catheter failure in descending order were severe spasm (36.8%), 
right subclavian/aortic arch tortuosity (31.2%), radial/brachial 
tortuosity (25.6%) and coronary anatomy (6.4%). Spasm was 
more frequently observed in the Judkins vs. the Tiger group 
(p for trend <0.001).

The study’s primary endpoint of contrast volume (ml) was 
lower for the Tiger vs. the Judkins group: 66.8 (54.0-82.0) vs. 73.4 
(60.0-94.1), p<0.001 (Table 3, Figure 3). Angiography and fluoro-
scopy time (min) were also significantly lower for the Tiger vs. the 
Judkins group: 5.52 (4.17-7.32) vs. 6.85 (5.15-9.63), p<0.001, and 
2.01 (1.32-3.13) vs. 2.24 (1.50-3.50), p=0.01, respectively, while 
DAP did not differ significantly between groups. In PP analysis, 
differences in contrast volume and angiography time remained sta-
tistically significant between groups in favour of the Tiger catheter 
(Table 3, Figure 3).

High inter- and intra-observer agreement was observed for 
opacification, catheter contact and catheter stability grading 
(Supplementary Table 1). In the ITT, mITT and PP analyses, 
Judkins catheters obtained a higher opacification score for the 
LCA compared with the Tiger catheter, with the latter achiev-
ing better opacification for the RCA (Table 4). Additionally, 
higher stability rates were obtained by Judkins and Tiger 
catheters within the left and right ostium, respectively, in all 
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analyses. Catheter contact scores with either coronary ostium 
did not differ significantly between groups. However, coaxial 
contact in all angiographic views within the left ostium did not 
differ significantly between the Tiger-II and Judkins catheters 
(43.8% vs. 45.9%, p=0.6), but there was a tendency towards 

less frequent coaxial contact with the right ostium with the 
Tiger-II catheter (46.6% vs. 54.4%, p=0.058). Moreover, the 
rate of excessive engagement within the left and right coro-
nary ostia was higher for the Judkins 3.5L and Tiger-II cath-
eter (0.0% vs. 2.5%, p=0.007, and 10.3% vs. 3.1%, p<0.001), 
respectively, while selective RCA conus engagement was more 
frequently observed with the Tiger-II catheter (9.4% vs. 1.6%, 
p<0.001). The same pattern of results was observed in our PP 
population.

Discussion
Our results confirmed the study’s primary hypothesis of superi-
ority of the Tiger catheter as a default strategy compared with 
Judkins catheters, with respect to contrast volume used. Tiger 
catheter use has been associated with a relative reduction of 9% 
in median contrast volume. The observed decrease was consist-
ent in the “ideal” subgroup of patients without need for catheter 
and/or access site change. Reduction in contrast volume may be 
of particular importance in high-volume catheterisation labora-
tories, leading to significant cost savings. Chen et al first com-
pared contrast volume used for transradial CAG between Tiger 
and Judkins catheters; although there was a slight trend towards 
lower contrast volume with Tiger catheter use, the difference was 
not proven significant, probably due to smaller sample size12. In 
a retrospective analysis, the Tiger catheter was associated with 
higher contrast volume use compared with Judkins catheters; 
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Figure 3. Contrast volume (ml) between Tiger-II and Judkins 
catheters in the ITT and PP population. Bars represent median and 
error bars interquartile range. ITT: intention-to-treat; 
PP: per-protocol

Excluded from PP analysis
Catheter change N=52
Access site change N=5

Excluded pre-randomisation
Urgent catheterisation N=252

Catheter non-availability N=355
Qualified operator non-availability N=205

Haemodynamic instability at admission N=19
Prior CABG N=85

Dialysis N=6
Known severe renal impairment N=32
Non-palpable right radial artery N=62
Unsuccessful radial cannulation N=25

Femoral approach N=55
Negative Allen test N=9

Elective PCI N=45

Excluded from PP analysis
Catheter change N=62
Access site change N=6

Oct 2016-May 2017
Patients screened for participation

N=1,813

Refused to participate
N=23

Randomised patients
N=640

Tiger-II
N=320

Included in PP analysis
N=263

Included in PP analysis
N=252

Included in ITT analysis
N=320

Included in ITT analysis
N=320

Judkins 3.5L/4R
N=320

Figure 2. Study flow chart. CABG: coronary artery bypass grafting; ITT: intention-to-treat; PCI: percutaneous coronary intervention; 
PP: per-protocol
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Table 3. Study endpoints.

ITT analysis
Tiger-II
N=320

Judkins 3.5L/4R
N=320

p-value

Contrast volume (ml) 66.8 (54.0-82.0) 73.4 (60.0-94.1) <0.001

Angiography time (min) 5.52 (4.17-7.32) 6.85 (5.15-9.63) <0.001

Fluoroscopy time (min) 2.01 (1.32-3.13) 2.24 (1.5-3.50) 0.01

DAP (cGy*cm2) 26,516.5
(15,874.0-37,112.3)

26,489.0
(17,932.8-38,564.5) 0.7

PP analysis
Tiger-II
N=263

Judkins 3.5L/4R
N=252

p-value

Contrast volume (ml) 64.0 (51.2-80.0) 71.5 (57.0-90.7) <0.001

Angiography time (min) 5.22 (3.83-6.50) 6.24 (4.78-7.89) <0.001

Fluoroscopy time (min) 1.75 (1.15-2.68) 1.98 (1.35-2.77) 0.09

DAP (cGy*cm2) 24,807.0
(15,629.0-35,600.0)

24,711.0
(16,232.5-33,519.3) 0.7

Data are expressed as medians (Q1-Q3). DAP: dose area product; ITT: intention-to-treat; PP: per-protocol

Table 1. Patients’ demographic and clinical characteristics.

Tiger-II 
N=320

Judkins 
3.5L/4R
N=320

p-value

Age (years) 66.2±11.4 66.4±11.7 0.8

Male gender 229 (71.6) 234 (73.1) 0.7

Height (m) 1.69±0.09 1.68±0.08 0.8

Weight (kg) 81.2±16.7 80.9±15.3 0.8

BMI (kg/m2) 28.4±4.8 28.4±4.5 0.9

Hypertension 192 (60.0) 193 (60.3) 1.0

Current smoker 150 (46.9) 144 (45.0) 0.7

Diabetes mellitus 86 (26.9) 81 (25.3) 0.7

insulin-dependent 11 (3.4) 12 (3.8) 1.0

Hyperlipidaemia 170 (53.1) 157 (49.1) 0.3

FHCAD 36 (11.3) 27 (8.4) 0.3

Indication 
for CAG

NSTEMI 87 (27.2) 88 (27.5)

0.3
UA 34 (10.6) 38 (11.9)

SCAD 97 (30.3) 112 (35.0)

Other 102 (31.9) 82 (25.6)

Medication Aspirin 209 (65.3) 225 (70.3) 0.2

P2Y12 receptor 
antagonist 162 (50.6) 166 (51.9) 0.8

Oral 
anticoagulant 32 (10.0) 26 (8.1) 0.5

Statin 225 (70.3) 213 (66.6) 0.4

Calcium 
channel blocker 68 (21.3) 60 (18.8) 0.5

Beta-blocker 196 (61.3) 200 (62.5) 0.8

Proton-pump 
inhibitor 146 (45.6) 134 (41.9) 0.4

ACE inhibitor/
ARB 177 (55.3) 193 (60.3) 0.2

Diuretic 98 (30.6) 88 (27.5) 0.4

Data are expressed as means±SD or N (%). ACE: angiotensin-converting 
enzyme; ARB: angiotensin receptor blocker; BMI: body mass index; 
CAG: coronary angiography; FHCAD: family history of coronary artery 
disease; NSTEMI: non-ST-elevation myocardial infarction; SCAD: stable 
coronary artery disease; UA: unstable angina

Table 2. Patients’ procedural characteristics.

Tiger-II
N=320

Judkins 
3.5L/4R
N=320

p-value

Radial 
artery 
pulse

poor 15 (4.7) 8 (2.5)

0.2moderate 55 (17.2) 66 (20.6)

good 250 (78.1) 246 (76.9)

Radial 
artery 
punctures

1 261 (81.6) 255 (79.7)

0.82 37 (11.6) 42 (13.1)

>2 22 (6.9) 23 (7.2)

Angiographic views 
of left coronary 
anatomy

5.0 (4.0-6.0) 4.0 (4.0-5.0) 0.07

Angiographic views 
of right coronary 
anatomy

2.0 (1.0-2.0) 2.0 (1.0-2.0) 0.3

Total angiographic 
views 6.0 (5.0-8.0) 6.0 (5.0-7.75) 0.2

Spasm none 268 (83.8) 227 (70.9)

<0.001
mild 29 (9.1) 34 (10.6)

moderate 14 (4.4) 20 (6.3)

severe 9 (2.8) 39 (12.2)

Catheter failure 57 (17.8) 68 (21.3) 0.3

Catheter failure with 
access site change 5 (1.6) 6 (1.9) 1.0

Catheter failure with 
use of other 
diagnostic catheter

11 (3.4) 20 (6.2) 0.1

Number 
of 
diseased 
vessels*

None 164 (51.2) 155 (48.4)

0.2
One 79 (24.7) 77 (24.1)

Two 42 (13.1) 35 (10.9)

Three 35 (10.9) 53 (16.6)

Data are expressed as medians (Q1-Q3) or N (%). *more than 50% 
narrowing of an epicardial artery.
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however, the study was by design prone to selection biases and 
no statistical adjustment was used10.

We also found that Tiger use was associated with significantly 
shorter angiography time compared with Judkins catheters, in 
both ITT and PP analyses, in accordance with Kim et al11. This 
could probably result in time saving and cost containment. Tiger 
use was associated with a 19.4% relative reduction in median 
procedural duration. In addition, procedural duration has been 
reported as an independent predictor of radial artery occlusion 
(RAO)13,14. Therefore, it could be hypothesised that Tiger use 
might have a beneficial effect on the RAO rate via shortening 
procedural length.

The Tiger catheter, in accordance with previous studies, has 
also been associated with shorter fluoroscopy time compared 
with Judkins catheters11,12. Decreased fluoroscopy time may 
be of particular importance to high-volume operators perform-
ing multiple procedures per day. In our study, Tiger catheter 
use resulted in a relative reduction in median fluoroscopy time 
of 10.3% compared with Judkins catheters. Radiation dose as 
measured by DAP did not differ significantly between groups, 
a finding explained by the fact that DAP is largely dependent 
on cine-angiography time (being predominantly affected by the 
number of angiographic views acquired, which did not differ 
between groups) and to a much smaller extent on fluoroscopy 
time15.

The overall catheter failure rate was 19.5% and it did not 
differ significantly between groups. Kim et al also reported 
a similar catheter failure rate between Tiger and Judkins cath-
eters, although overall it was lower (8.1%) compared with our 
results11. Our study’s catheter failure rate may reflect everyday 
clinical practice in high-volume centres, where each procedure 
needs to be completed within a certain time frame and therefore 
catheter change could be more easily decided, while Langer et 
al in a single-arm observational study reported a 33.2% cath-
eter failure rate with Tiger catheter use among experienced 
radialists16.

Spasm was less frequent in the Tiger group, potentially due 
to less need for catheter exchange compared with the Judkins 
group, which underlines the importance of the one-catheter con-
cept in reducing arterial irritation and injury. Among previous 
randomised studies, Chen et al reported an overall 5.5% severe 
spasm rate, which – in contrast to our results – did not differ 
significantly between groups, while Kim et al demonstrated 
that patients in the Judkins group experienced more pain11,12. 
In accordance with our results, Turan et al and Erden et al in 
randomised comparisons between a single-catheter approach 
(Judkins 3.5L and reshaped Jacky catheter [Terumo], respec-
tively) and a two-catheter approach (Judkins 3.5L/4R), in 
patients undergoing CAG through the TRA, reported a higher 
spasm rate in the two-catheter groups (22.3 vs. 12.6%, p=0.067, 
and 21.7% vs. 11.3%, p=0.005, respectively)17,18.

We found that in all analyses Judkins catheters resulted in bet-
ter angiographic opacification of the LCA while Tiger achieved 

Table 4. Angiographic image quality. 

ITT analysis
Tiger-II
N=320

Judkins 3.5L/4R
N=320

p-value

Coronary opacification score

LAD 3.75 (3.0-4.0) 4.0 (3.5-4.0) <0.001

LCX 3.78 (3.6-4.0) 4.0 (3.6-4.0) <0.001

RCA 4.0 (4.0-4.0) 4.0 (3.0-4.0) 0.02

Catheter contact with coronary ostium score

Left ostium 2.6 (2.0-3.0) 2.7 (2.0-3.0) 0.3

Right ostium 2.0 (2.0-3.0) 3.0 (1.5-3.0) 0.9

Catheter stability within the coronary ostium (% of views in each case)

Left ostium 83.3 (55.6-100) 100 (100-100) <0.001

Right ostium 100 (100-100) 100 (50.0-100) <0.001

Catheter deep seating rate within the coronary ostium 

Left ostium 0 (0) 8 (2.5) 0.007

Right ostium 33 (10.3) 10 (3.1) <0.001

Selective RCA conus 
engagement rate 30 (9.4) 5 (1.6) <0.001

mITT analysis
Tiger-II
N=320

Judkins 3.5L/4R
N=320

p-value

Coronary opacification score

LAD 3.7 (2.8-4.0) 4.0 (3.2-4.0) 0.001

LCX 3.7 (2.9-4.0) 4.0 (3.3-4.0) <0.001

RCA 4.0 (2.2-4.0) 4.0 (2.0-4.0) 0.02

Catheter contact with coronary ostium score

Left ostium 2.6 (2.0-3.0) 2.5 (2.0-3.0) 0.8

Right ostium 2.0 (1.1-3.0) 2.0 (1.0-3.0) 0.5

Catheter stability within the coronary ostium (% of views in each case)

Left ostium 80.0 (40.0-100) 100 (87.5-100) <0.001

Right ostium 100 (0.0-100) 66.7 (0.0-100) <0.001

PP analysis
Tiger-II
N=263

Judkins 3.5L/4R
N=252

p-value

Coronary opacification score

LAD 3.75 (3.0-4.0) 4.0 (3.6-4.0) <0.001

LCX 3.8 (3.1-4.0) 4.0 (3.75-4.0) <0.001

RCA 4.0 (4.0-4.0) 4.0 (3.3-4.0) 0.017

Catheter contact with coronary ostium score

Left ostium 2.6 (2.0-3.0) 2.8 (2.0-3.0) 0.2

Right ostium 2.5 (2.0-3.0) 3.0 (1.5-3.0) 0.9

Catheter stability within the coronary ostium (% of views in each case)

Left ostium 85.7 (50.0-100) 100 (100-100) <0.001

Right ostium 100 (100-100) 100 (50.0-100) <0.001

Catheter deep seating rate within the coronary ostium

Left ostium 0 (0) 6 (2.4) 0.01

Right ostium 32 (12.2) 7 (2.8) <0.001

Selective RCA conus 
engagement rate 25 (9.5) 4 (1.6) <0.001

Data are expressed as medians (Q1-Q3) or N (%). ITT: intention-to-treat (assessment of 
all angiographic views in all cases until coronary angiography completion); LAD: left 
anterior descending; LCX: left circumflex; mITT: modified intention-to-treat; 
PP: per-protocol; RCA: right coronary artery
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superior opacification of the RCA. In the study by Kim et al, 
Tiger catheter use also led to a higher angiographic score for 
the RCA, but no significant difference emerged for the LCA 
between the two groups, which could be attributed to a smaller 
sample size compared with our study11.

Differences in opacification were mainly driven by corre-
sponding better stability rates within the left main and right 
coronary ostia observed in all analyses (ITT, mITT and PP) 
with Judkins and Tiger catheters, respectively, a finding in line 
with Kim et al11. In a registry-based study, Langer et al found 
a higher stability rate within the right ostium for the 5 Fr Tiger 
catheter compared with 5 Fr Judkins catheters but no difference 
regarding the left ostium; however, comparisons were unadjusted 
and included only patients without need for catheter change19. 
The higher instability rate observed in the Tiger within the left 
ostium could potentially be lessened by adopting a modest con-
trast injection rate11.

There was a tendency towards less frequent coaxial contact with 
the right ostium in all angiographic views with the Tiger-II cath-
eter, which also showed higher rates of deep engagement within 
the right ostium and more frequent selective engagement of the 
RCA conus, in accordance with Kim et al11. In a report on iat-
rogenic coronary dissections, a left Amplatz guiding catheter has 
been implicated in catheter-induced right coronary dissection, 
while concerns have been raised regarding non-coaxial cannula-
tion and associated ostial dissection risk with one-concept radial-
dedicated catheters9,20.

Limitations
Our study was not designed to assess clinical outcome, thus 
rendering any association between excessive ostial seating or 
selective conal engagement and procedural complications solely 
hypothesis-generating. Deep ostial seating rates could be even 
higher than reported, as vessel length could have been under-
estimated due to foreshortening in a 2D display. Differences in 
the studied catheters’ coated materials might have influenced 
spasm and catheter failure rates. Randomisation was not strat-
ified by operator, and therefore differences in operator profi-
ciency with the study catheters might have influenced the study 
results; however, no difference was observed in the catheter 
allocation rate and in the catheter failure rate between observ-
ers (Supplementary Table 2, Supplementary Figure 1). The total 
amount of contrast used (including leftovers) was studied and 
therefore no assumption can be made regarding contrast volume 
received by the patient. Contrast medium was delivered using 
a power injector and manual stopcock-manifold injection system 
in centre 1 and centre 2, respectively; however, randomisation 
was stratified by centre.

Conclusions
Tiger-II was found superior to Judkins 3.5L/4R catheters regard-
ing contrast volume use, procedural and fluoroscopy time, spasm 
rate and RCA imaging, and inferior regarding LAD and LCX 

imaging. High-volume cathlabs and patients at increased risk 
of spasm may benefit from Tiger-II use. However, better LCA 
imaging remains an advantage for the Judkins 3.5L catheter.

Impact on daily practice
Tiger-II was found superior to Judkins 3.5L/4R catheters 
in reducing contrast volume and procedural time needed 
in patients undergoing coronary angiography via the right 
TRA. Therefore, high-volume centres and operators might 
benefit from Tiger-II use in terms of time and cost saving. 
The Tiger-II catheter also demonstrated lower fluoroscopic 
time compared with Judkins 3.5L/4R catheters; although the 
absolute difference in the median duration of fluoroscopy 
between groups – which corresponds to one case – was 
0.23 minutes, the cumulative benefit of fluoroscopy sav-
ing may be of clinical importance to high-volume centres 
and operators performing multiple procedures per week via 
the TRA, especially in the light of the fact that fluoroscopy 
time remains slightly longer with the transradial than with 
the transfemoral approach15,21. Spasm was less frequently 
observed in the Tiger-II group; hence, patients at increased 
risk of spasm (diabetics, women, those with lower body 
mass index, those at younger age, those with impaired pre-
procedural radial flow-mediated dilatation, multiple punc-
tures or painful cannulation) might benefit from Tiger-II 
use22-24.
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Supplementary data 

Supplementary Appendix. Angiographic image quality grading 

Coronary opacification was graded on a scale of 0-4 (0=poor/non-diagnostic, 1=moderate 

only in systole or diastole, 2=moderate throughout the cardiac cycle, 3=complete but not 

throughout the cardiac cycle, 4=complete throughout the cardiac cycle).   

 

Catheter contact with the coronary ostium was graded on a scale of 0-3 (0=no contact and/or 

non-diagnostic image, 1=no contact but diagnostic image, 2=non-coaxial contact, 3=coaxial 

contact).  

 

Catheter stability within the coronary ostium was graded on a scale of 0-1 (0=no, 1=yes, 

without any dislocation during angiographic view) and is presented as % of angiographic 

views with catheter stability in each case.  

 

Deep seating of the catheter within the coronary ostium was defined as positioning of the 

catheter tip ≥20 mm into the target vessel on at least one angiographic view [25,26]. Selective 

conus branch of RCA engagement was defined as presence of the catheter tip within the 

conus branch with exclusive opacification of it following contrast injection on at least one 

angiographic view. 

  



 

Supplementary Table 1. Intraclass correlation coefficient for inter- and intra-

observer agreement. 

 Intra-observer ICC (95% CI) Inter-observer ICC (95% CI) 

Coronary opacification score 

LAD 0.963 (0.931-0.981) 0.894 (0.800-0.944) 

LCX 0.967 (0.938-0.983) 0.888 (0.789-0.941) 

RCA 0.958 (0.921-0.978) 0.860 (0.734-0.926) 

Catheter contact with coronary ostium score 

Left ostium 0.912 (0.834-0.953) 0.858 (0.713-0.927) 

Right ostium 0.973 (0.949-0.986) 0.892 (0.794-0.943) 

Catheter stability within the coronary ostium  

Left ostium 0.976 (0.955-0.987) 0.897 (0.806-0.945) 

Right ostium 0.953 (0.912-0.975) 0.907 (0.825-0.951) 

ICC: intraclass correlation coefficient; LAD: left anterior descending; LCX: left 

circumflex; RCA: right coronary artery 

 

  



 

Supplementary Table 2. Allocation to study catheters by operator. 

Operator Tiger-II 

N=320 

Judkins 3.5L/4R 

N=320 

Total 

N=640 

#1 44 (13.8) 31 (9.7) 75 (11.7) 

#2 40 (12.5) 35 (10.9) 75 (11.7) 

#3 34 (10.6) 29 (9.1) 63 (9.8) 

#4 43 (13.4) 56 (17.5) 99 (15.5) 

#5 29 (9.1) 39 (12.2) 68 (10.6) 

#6 34 (10.6) 28 (8.8) 62 (9.7) 

#7 28 (8.8) 24 (7.5) 52 (8.1) 

#8 21 (6.6) 24 (7.5) 45 (7.0) 

#9 16 (5.0) 26 (8.1) 42 (6.6) 

#10 31 (9.7) 28 (8.8) 59 (9.2) 

Data are expressed as N (%); p for trend=0.4. 

 

  



 

 

Supplementary Figure 1. Catheter failure rate by operator in the Tiger-II, Judkins 3.5L/4R 

groups and in the overall population. 

 

Catheter failure rates did not differ significantly by operator in the Judkins subgroup, Tiger-II 

subgroup and the overall population (p=0.9 for all).  

 

 

 


