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Background and Objectives: Although increasing evidence has indicated that radial access is a beneficial technique, few studies have focused
on Korean subjects. The aim of this study was to evaluate current practice of coronary angiography (CAG) and percutaneous coronary
intervention (PCI) using radial access in South Korea.

Subjects and Methods: A total of 6338 subjects were analyzed from Korean Transradial Intervention prospective registry that was conducted
at 20 centers in Korea. After evaluating the initial access, subjects intended for radial access were assessed for their baseline, procedure-related,
and complication data. Subjects were categorized into three groups: group of overall subjects (n=5554); group of subjects who underwent PCl
(n=1780); and group of subjects who underwent primary percutaneous coronary intervention (PPCl) (n=167).

Results: The rate of radial artery as an initial access and the rate of access site crossover was 87.6% and 4.4%, respectively, in overall subjects.
Those rates were 82.4% and 8.1%, respectively, in subjects who underwent PCl, and 60.19% and 4.8%, respectively, in subjects who underwent
PPCI. For subjects who underwent CAG, a 6-F introducer sheath and a 5-F angiographic catheter was the most commonly used. During PCl, a
6-F introducer sheath (90.6%) and a 6-F guiding catheter were standardly used.

Conclusion: The large prospective registry allowed us to present the current practice of CAG and PCl using radial access. These data provides
evidence to achieve consensus on radial access in CAG and PCl in the Korean population. (Korean Circ J 2015;45(6):457-468)
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growing worldwide. This increased application is partly due to
findings that radial access can reduce the rate of access site
complications, thereby reducing patient mortality. This trend is
especially true for patients with ST-segment elevation myocardial
infarction (STEI\/II).” Currently, American and European guidelines
recommend the use of radial access during PCL”* However, this
technique is associated with a learning curve, which can increase
the time required to perform the procedure. Thus, the use of radial
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Fig. 1. Data set for the KOTRI prospective registry and initial access site for coronary angiography or intervention. CAG: coronary angiography, PCI:

percutaneous coronary intervention, KOTRI: Korean transradial intervention, PPCl; primary percutaneous coronary intervention.

access is still limited.”” Although increasing evidence has suggested
that radial access is a beneficial technique, few published articles
have focused on Korean subjects. Members of the Korean
Transradial Intervention (KOTRI) working group has prospectively
collected data from subjects who underwent CAG or PCl. Therefore,
the objective of this study was to use the data from the KOTRI
registry and evaluate the current practice of CAG and PCl using
radial access.

Subjects and Methods

Korean transradial intervention prospective registry

The KOTRI prospective registry was conducted at 20 centers (122
operators) in Korea. Subjects who underwent CAG and PCl for 6
months (February 2014 to July 2014) were enrolled in the registry
regardless of the access site. Due to delays in obtaining Institutional
Review Board (IRB) approvals, the study period was extended for
some centers. A total of 6793 subjects were initially enrolled in this
registry. However, subjects less than 18 years of age, subjects whose
case report forms (CRF) lacked over 20% of the data, and subjects
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with inappropriate data were excluded. Finally, a total of 6338
subjects were included in this analysis (Fig. 1). To reflect the real-
world practice, all subjects except those who did not agree to
participate in this registry were enrolled.

Two types of CRF (brief form and full form) were entered into the
KOTRI prospective registry. The brief form included procedural data
as a summary. Some variables of echocardiography, radial
angiographic findings, and laboratory findings were omitted from
the brief form. Of the 20 centers, 9 centers with 2398 subjects used
the brief form while 11 centers with 3945 subjects used the full
form.

All subjects were followed clinically for one month to evaluate
the patency of the access site. Subjects who underwent PCl were
followed for one year to evaluate major adverse cardiac event. This
study was approved by each local IRB. All subjects provided written
informed consent. This trial was registered at the National Institutes
of Health Clinical Trials Registry (ClinicalTrials.gov identifier:
NCT01803841).

www.e-kcj.org
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Fig. 2. Initial access site. Institution codes presented as capitalized letter A to T are listed in the Supplementary Table (in the online-only Data Supplement).
PCI: percutaneous coronary intervention, PPCI: primary percutaneous coronary intervention, TF: transfemoral, TR: transradial.

Definitions

A comprehensive description of all KOTRI prospective registry
data elements and definitions are available at http://tricrf.medsoft.
co.kr. All data elements and definitions were prospectively defined
by a committee selected from the KOTRI working group. Access site
crossover was defined as a change in the access site between the
start of the procedure and the end of the procedure. Radial failure
was defined as a change of the access site to a non-radial artery.
Bleeding was defined according to a consensus report from
Bleeding Academic Research Consortium (BARC].S) Puncture time
was the duration (min) between lidocaine infiltration and the
completion of sheath insertion. CAG time (min) was the duration
between the completion of sheath insertion and the end of CAG.
PCl time (min) was the duration between the end of CAG and the
end of PCl. Total procedure time was the sum of the puncture, CAG,
and PCI times. Total contrast volume and total fluoroscopy time

www.e-kcj.org

were the sums of appropriate parts.

Statistical analysis

Continuous variables were expressed as mean+standard deviation
or median values with interquartile ranges. Categorical variables
were expressed as number (percentage). All statistical analyses were
performed using SPSS-PASW software, version 20.0 (IBM, Armonk,
NY, USA). Statistical significance was considered when a p was less
than 0.05.

Results

Initial access site

Initial access site is presented in Fig. 2. In overall subjects, the rate
of radial access was 87.6% (right radial: 70.5%; left radial: 29.5%)
and the rate of femoral access was 12.3% (right femoral: 92.9%;

http://dx.doi.org/10.4070/kc}.2015.45.6.457
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Table 1. Baseline characteristics of subjects intended for radial access
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Overall subjects Subjects Subjects
(n=5554) underwent PCI (n=1780) underwent PPCI (n=167)

Age (years) 63.8+11.6 65.7+11.1 63.0+13.0
Male sex 3384 (60.9) 1239 (69.6) 126 (75.4)
Hypertension 2563 (46.1) 910 (51.1) 38(22.8)
Diabetes 1179 (21.2) 435 (24.4) 17 (10.2)
Dyslipidemia 788 (14.2) 279 (15.7) 20(12.0)
CKD 51(0.9) 14.(0.8) 1(0.6)
Dialysis 14 (0.3) 4(0.2) 1(0.6)
Smoking 2062 (37.1) 806 (45.3) 98 (58.7)
Previous MI 434 (7.8) 168 (9.4) 18 (10.8)
Previous PCI 966 (17.4) 324(18.2) 11 (6.6)
Previous CABG 25(0.5) 8(0.4) 0(0)
Previous CVA 308 (5.5) 126 (7.1) 9 (5.4)
Clinical diagnosis

Stable angina 1045 (18.8) 359 (20.2)

Unstable angina 1465 (26.4) 728 (40.9)

NSTEMI 368 (6.6) 269 (15.1)

STEMI 195 (3.5) 167 (9.4) 167 (100)
Disease extent

Normal looking coronary 1903 (34.2) 28 (1.6) 1(0.6)

Minimal CAD 958 (17.2) 7 (0.4) 1(0.6)

1-VD 1259 (22.7) 737 (41.4) 68 (40.7)

2-\D 808 (14.5) 570 (32.0) 50 (29.9)

3-VD 617 (11.1) 436 (24.5) 47 (28.1)

Data are mean+standard deviation or n (%). PCI: percutaneous coronary intervention, PPCI: primary percutaneous coronary intervention, CKD: chronic kid-
ney disease, MI: myocardial infarction, CABG: coronary artery bypass graft, CVA: cerebrovascular attack, NSTEMI: non-ST-segment elevation myocardial in-
farction, STEMI: ST-segment elevation myocardial infarction, CAD: coronary artery disease, VD: vessel disease

left femoral: 7.1%). However, the rate of radial access was decreased
to 82.4% in subjects who underwent PCl and 60.1% in subjects who
underwent primary percutaneous coronary intervention (PPCI).

Baseline characteristics

The baseline characteristics of subjects intended for radial access
are presented in Table 1. For overall subjects, their mean age was 64
years and 61% of them were males. The rates of hypertension and
diabetes were 46% and 21%, respectively. Non-significant coronary
artery disease was present in 51% of the overall subjects. For
subjects who underwent PCl, their mean age was 66 years and 51%
of them were males. The rate of comorbidity in the group of
subjects who underwent PCl was higher than that of the group of
overall subjects. The incidence of acute myocardial infarction was
25% in subjects who underwent PCI.

http://dx.doi.org/10.4070/kcj.2015.45.6.457

Access site crossover

Rates of access site crossover for subjects intended for radial
access are summarized in Table 2 and Fig. 3. The rate of access site
crossover was 4.4% in the group of overall subjects. It was
increased to 8.1% in the group of subjects who underwent PCI.
However, the rate of access site crossover was decreased to 4.8% in
the group of subjects who underwent PPCI. The most common
direction of access site crossover was a crossover from radial artery
to femoral artery in all three groups of subjects. The most common
cause of access site crossover in the group of overall subjects was
puncture failure (35.29%), followed by vessel tortuosity (16.4%). In
contrast, the most common cause of access site crossover in the
group of subjects who underwent PCl was routine practice (20.1%),
followed by vessel tortuosity (19.4%) and the requirement of a
larger catheter (18.8%). Routine practice was defined as when radial
access was used during CAG but femoral access was used for PCI.

www.e-kcj.org
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Overall subjects Subjects Subjects
(n=5554) underwent PCl (n=1780) underwent PPCl (n=167)

Radial failure 182 (3.3) 127 (7.1) 8 (4.8)

Access site crossover 244 (4.4) 144 (8.1) 8 (4.8)

Crossover direction n=244 n=144 n=8
Contralateral radial 58 (22.5) 16 (11.1)

Radial to femoral 182 (74.6) 127 (88.2) 8 (100)
Other 7(2.8) 1(0.7)

Crossover reason n=244 n=144 n=8
Puncture failure 86 (35.2) 28 (19.4) 3(37.5)
Vessel tortuosity 40 (16.4) 20(13.9)

Routine practice® 30(12.3) 29 (20.1) 1(12.5)
Need of larger catheter 28 (11.5) 27 (18.8) 1(12.5)
Vasospasm or small radial artery 21(8.6) 12 (8.3)
Access site occlusion 15 (6.1) 10 (6.9) 1(12.5)
Contraindication for radial access 9(3.7) 4(2.8) 1(12.5)
for CTO intervention 9(3.7) 9(6.3)
Complication related 5(2.0) 4(2.8)
Unstable vital status 4(1.6) 3(2.1) 1(12.5)
Other 3(1.2) 1(0.7)
Unknown 6 (2.5) 6 (4.2)

Data are n (%). *Routine practice is defined as when radial access was used during angiography but femoral access was used for intervention. PCl: percu-
taneous coronary intervention, PPCI: primary percutaneous coronary intervention, CTO: chronic total occlusion

Bleeding and access site complications

Rates of bleeding and access site complications in all subjects
intended for radial access are shown in Table 3. The rate of bleeding
complication was 1.2% for the group of overall subjects, 1.9% for
the group of subjects who underwent PCl, and 4.8% for the group
of subjects who underwent PPCI. Although type 1 bleeding was the
most common one in all groups, the rates of type 2 and type 3a
bleeding were increased in the group of subjects who underwent
PCl and those who underwent PPCI. The rate of access site
complication was 0.8% in the group of overall subjects and 1.6% in
the group of subjects who underwent PCl. The most common type
of access site complication was minor hematoma.

Introducer sheath, angiographic catheter, and guiding catheter

The sizes of the introducer sheath and catheter used in subjects
who underwent procedures using transradial access are shown in
Fig. 4. Of subjects who underwent CAG, a 6-F introducer sheath was
the most commonly used (43.9%), followed by a 5-F introducer
sheath (37.6%). However, a 5-F angiographic catheter was the most
commonly used one during CAG. During PCl, a 6-F introducer
sheath (90.6%) and a 6-F guiding catheter (89.7% for right coronary

www.e-kgej.org

artery; 90.4% for left coronary artery) were the most commonly
used. The rate of > 2 of diagnostic catheters used was 2.1% during
right coronary angiography and 2.09% during left coronary
angiography. The rate of > 2 of guiding catheters used was 8.1%
during right coronary intervention and 6.4% during left coronary
intervention.

Procedure time, contrast volume, and fluoroscopy time

Procedure time, contrast volume, and fluoroscopy time in subjects
who underwent procedures using radial access (after excluding
subjects with access site crossover) are shown in Fig. 5. The median
puncture time was 2 min in subjects who underwent CAG and in
subjects who underwent PCl. However, the median puncture time
was decreased to 1 min in subjects who underwent PPCI. The
median CAG time was 9 min in subjects who underwent CAG and 8
min in subjects who underwent PCl. The median CAG time was also
decreased to 5 min in subjects who underwent PPCI. The median
PCI time in subjects who underwent PCl was 25 min. The median
contrast volume was 70 mL during CAG and 180 mL during CAG
plus ad-hoc PCl. The median fluoroscopy time was 3 min during
CAG and 11 min during CAG plus ad-hoc PCI.

http://dx.doi.org/10.4070/kc}.2015.45.6.457
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Fig. 3. Access site crossover in subjects intended for transradial access. Institution codes presented as capitalized letter A to T are listed in the Supplementary
Table (in the online-only Data Supplement). PCI: percutaneous coronary intervention, PPCI: primary percutaneous coronary intervention.

Discussion

In this study, we presented an overview of various data from
subjects who underwent CAG and/or PCl via radial access. Data
presented here included rates of access site crossover, rates of
bleeding, rates of access site complications, selections of introducer
sheath and catheter, procedure times, contrast volumes, and
fluoroscopy times for various subgroups of subjects. Data were
collected from the KOTRI prospective registry, a large multicenter
prospective registry containing data from 6338 subjects at 20
centers in Korea. In this registry, the radial artery was used as an
initial access site in 87.6% of all subjects. However, the use of radial
access was decreased during PCl (82.4%) and further decreased
during PPCI (60.1%).

Access site crossover

The rate of access site crossover was 4.4% in overall subjects. This
rate was increased to 8.1% in the group of subjects who underwent

http://dx.doi.org/10.4070/kcj.2015.45.6.457

PCI. However, this rate was decreased to 4.8% in the group of
subjects who underwent PPCI. One early phase trial found that the
rate of access site crossover during radial access was relatively high
(7.3%).” However, other studies employing more advanced devices
and techniques have reported a much lower crossover rate (1.5%)."
In this registry, the rate of access site crossover was 4.4% in overall
subjects. This rate is similar to that seen at a single center with a
high volume of radial procedures (4.9%) and the highest tertile of
radial access PCl volumes reported in the Radlal Vs femorAL access
for coronary intervention (RIVAL) trial (4.4%).”™ Since not all
centers and operators in our registry were specialized in radial
procedures, the rate of access site crossover was increased to 8.1%
in subjects who underwent PCI. This value is similar to that of the
intermediate tertile (9.7%) and the lowest tertile (8.0%) of radial
access PCl volumes from the RIVAL trial.”” Interestingly, this rate
was decreased to 4.8% in subjects who underwent PPCI. We
hypothesize that PCl using radial access is most effective for
patients with STEMI when it is performed by centers with high

www.e-kcj.org
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Table 3. Bleeding and access site complications in subjects intended for radial access
OVe(;i' '5;”5"1‘)’“5 undsel:'w::sPCI undz:‘\zjeenctti’PCI
(n=1780) (n=167)

Any bleeding 69(1.2) 34(1.9) 8 (4.8)
Type of bleeding (by BARC definition)

Type 1 45(0.8) 17 (1.0) 3(1.8)

Type 2 13 (0.2) 12 (0.7) 3(1.8)

Type 3a 7(0.1) 5(03) 2(1.2)

Type 3b 2 (0.0)

Type 4 1(0.0)

Type 5a 1(0.0)
Access site complication 45(0.8) 29 (1.6) 2(1.2)
Type of access site complication

Minor hematoma 38(0.7) 23(1.3) 2(1.2)

Dissection 6(0.1) 4(0.2)

Major hematoma (>5 cm) 5(0.1) 4(02)

Perforation 1(0.0) 1(0.1)

Pseudoaneurysm or aneurysm 1(0.0) 1(0.1)

Hematoma requiring transfusion 1(0.0) 1(0.1)

AV fistula 1(0.0) 1(0.1)

Occlusion
Compartment syndrome
Infection at access site

Ulceration at access site

Data are n (%). PCI: percutaneous coronary intervention, PPCl: primary percutaneous coronary intervention, BARC: Bleeding Academic Research Consor-

tium, AV: arteriovenous

volumes of radial procedure or operators with extensive experience
in radial access. However, further analysis is needed to thoroughly
test this hypothesis.

In this registry, the most common reason for radial access
crossover in overall subjects was puncture failure (35.2%), followed
by vessel tortuosity (16.4%). This result is similar to those reported

"2 However, the two common reasons for radial

in previous studies.
access crossover in subjects underwent PCl were routine practice
(20.1%) and the requirement of larger catheter (18.8%). There are
concerns about radial artery spasm and occlusion during PCI for
patients with small radial artery. Although a study in Japan has
reported that the average radial artery size is smaller than the outer
diameter of a 6-F introducer sheath in 14.3% of all males and
27.4% of all females,”) the rate of radial occlusion can vary from
1.5% to 33%. Moreover, up to 50% of all radial occlusions can
resolve spontaneously within one month."" The risk of radial
artery occlusion can be mitigated through actions such as proper
compression, use of sheathless or small guiding catheters, and
proper anticoagulation. Considering the complexity of the

www.e-kgej.org

procedure, most cases involving bifurcation PCl (except
simultaneous use of two stents), rotablator use (up to a 1.75 mm
burr), thrombus aspiration, and intravascular ultrasound (IVUS) can
be safely performed using a 6-F guiding catheter. Therefore, a 6-F
guiding catheter can be safely used in most cases. In fact, most PCl
cases in our registry were performed with a 6-F guiding catheter.
Accordingly, a routine practice or the requirement of a larger
catheter for access site crossover would be decreased as operator's
experience in radial access increases.

Bleeding and access site complications

The most important benefit of radial access is that this technique
can reduce the chance of access site-related bleeding compared to
a femoral access approach. This benefit has been confirmed by
meta-analysis of small randomized trials, large randomized trial (the

10)18-21

RIVAL trial), and large observational registries. "In this registry,
the rate of bleeding was 1.2% in overall subjects, 1.9% of subjects
who underwent PCl, and 4.8% of subjects who underwent PPCI.

Since most bleeding was classified as BARC type 1 or 2, clinically

http://dx.doi.org/10.4070/kc}.2015.45.6.457
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Fig. 4. Introducer sheath and catheter size in subjects who underwent procedures using radial access (after excluding subjects with access site crossovers).
Institution codes presented as capitalized letter A to T are listed in the Supplementary Table (in the online-only Data Supplement). CAG: coronary

angiography, PCI: percutaneous coronary intervention.

significant bleeding was only 0.2% in overall subjects, 0.3% in subjects
who underwent PCl, and 1.2% in subjects who underwent PPCI. The
rate of clinically significant bleeding (1.29%) in subjects who underwent
PPCl is lower than that of Acute Catheterization and Urgent
Intervention Triage Strategy major bleeding (1.9%) reported in the
RIVAL trial.

Since access site complications were reported in two subjects who
underwent PPCl and that both of these complications were related to
minor hematomas, we infer that non-access site major bleedings were
involved in these cases. One pooled analysis suggested that non-access
site major bleeding has a stronger effect on prognosis compared to
access site major bleeding.m Thus, reducing both access-related and
non-access site-related bleeding by using radial access and optimized
anticoagulation approaches should be considered.

Although many studies have suggested that vascular access site

http://dx.doi.org/10.4070/kcj.2015.45.6.457

complications and site-related instances of major bleeding can be
reduced by using radial access,”* radial access is not completely free
of vascular complications. In this registry, the rate of major vascular
complications including dissection, major hematoma, perforation,
pseudoaneurysm, hematoma requiring transfusion, and arteriovenous
fistula was 0.39% in overall subjects. Vascular complications are
influenced by a number of factors, including operator experience,
vascular size, vascular tortuosity, and hemostatic method. Thus,
operator technique, patient selection, and vascular complication
monitoring by the cathlab team must be optimal to minimize access
site-related complications.

In this registry, the rate of radial artery occlusion was 0%. Although
radial access did not lead to any immediate complications, true
incidence of radial artery occlusion may have been underestimated
due to its asymptomatic nature.
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Introducer sheath, angiographic catheter, and guiding catheter

As mentioned earlier, most PCl could be performed with a 6-F
guiding catheter. However, 5-F quiding catheter has been shown to
2 10 this registry, the
most commonly used guiding catheter size was 6-F. However, some

minimize radial and coronary artery injury.

centers showed preference for 5-F guiding catheters (Fig. 4).
Previous studies reported lower rates of radial occlusion in small
guiding catheter (4-F or 5-F) groups compared to 6-F groups.
However, due to small sample sizes, these differences were not
significant.”” Thus, whether quiding catheter size has any effect
on radial complications such as radial artery occlusion needs to be
determined in future studies.

During coronary angiography, the most commonly used
angiographic catheter size was 5-F, followed by 4-F However.
Although 4-F and 5-F angiographic catheters were the most
commonly used, the most prevalent introducer sheath size was 6-F.
This discrepancy may be due to cost issue considering the fact that
PCl using 6-F is performed ad-hoc in some centers.

Procedure time, contrast volume, and fluoroscopy time

Compared to femoral access, there are two concerns associated
with radial access: 1) This technique is associated with increased
procedure time; 2) It is associated with increased radiation exposure
compared to femoral access.'””” These concerns are especially
relevant for patients with STEMI. Radial access might increase door-
to-balloon time. Thus, it might be associated with poor clinical
outcome.”

In this registry, the median puncture time was 2 min and the
median CAG time was 9 min during CAG (with or without ad-hoc
PCl). However, the median puncture time was decreased to 1 min
and the median CAG time was decreased to 5 min in subjects who
underwent PPCI. Considering the non-random nature of this
registry, it is likely that subjects who underwent PPCI were enrolled
at experienced centers with expert operators.

Compared to the RIVAL trial, the median contrast volume of
subjects who underwent PPCl was smaller in the present registry
(181 mL vs. 170 mL, respectively). However, the median total
procedure time (35 min vs. 37 min, respectively) and fluoroscopy
time (9.3 min vs. 11.0 min, respectively) were longer in the present
registry.m] Heterogeneity in procedure and fluoroscopy times among
centers can probably be explained by differences in angulated view
takes, procedure methods such as the use of pressure wire, and the
use of IVUS by centers and operators.

Study limitations

This study has several limitations. First, most participating centers
are interested in radial access or have experience in radial

http://dx.doi.org/10.4070/kc}.2015.45.6.457

Korean Circulation Journal kCJ

approaches (>80% radial access in 14 centers). Thus, results from
this registry may not completely reflect the current practices in
South Korea. Second, although we planned to enroll all subjects
who underwent CAG or PCI regardless of access site for 6 months,
some centers did not enroll all subjects. Thus, selection bias might
have been introduced. However, the rate of radial access based on
results of survey from 12 active participation centers (8574
subjects) was similar to that of this current registry: 82.8% during
CAG, 72.0% during PCl, and 63.1% during PPCI. Third, since each
center enrolled a different number of subjects, centers that enrolled
large numbers of subjects may have disproportionately influenced
the study results. Finally, although a number of subjects were
excluded due to the lack of data, some missing data still exist in this
registry.

Conclusions

In this study, we used the KOTRI prospective registry and obtained
current data related to radial access in CAG and PCl. This study can
be used as a reference for future analysis to achieve consensus
regarding the application of radial access to CAG and PCl in the
Korean population.
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