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AAmmaaçç:: Radiyal yoldan koroner anjiyografi femoral yola bir alternatif olarak tüm dünyada giderek artan s›kl›kta kullan›lmaktad›r. Bu çal›fl-
man›n amac› klini¤imizde radiyal ve femoral yoldan yap›lan tan›sal koroner anjiyografiyi uygulanabilirlik, baflar› ve güvenilirlik aç›s›ndan
karfl›laflt›rmakt›. 
YYöönntteemmlleerr:: Toplam 180 hastaya iki doktor taraf›ndan radiyal veya femoral yoldan koroner anjiyografi yap›ld›. Her iki grup ifllem süresi, da-
mara girifl süresi, floroskopi süresi, ifllem baflar›s›, kontrast madde miktar›, hastanede kal›fl süresi ve kullan›lan kateter say›s› yönünden
karfl›laflt›r›ld›. 
BBuullgguullaarr:: Kullan›lan kateter say›s› aç›s›ndan gruplar aras›nda fark yoktu (p = 0.6). Hastanede kal›fl süresi radiyal grupta anlaml› derecede
daha k›sayd› (p < 0.0001). Femoral grupta ifllem baflar›s› daha yüksek iken (p<0.0001) ifllem süresi (p<0.0001), damara girifl süresi (p<0.0001)
ve floroskopi süresi (p<0.0001) daha k›sayd› ve kullan›lan kontrast madde miktar› (p=0.012) daha azd›. Radiyal grupta majör komplikasyon
saptanmazken femoral grupta bir hastada  majör kanama geliflti.  
SSoonnuuçç:: Radiyal yoldan koroner anjiyografi femoral yol kadar güvenilirdir. Buna ra¤men radiyal yolun ifllem baflar›s› daha düflüktür, ifllem
süresi, damara girifl süresi ve floroskopi süresi daha uzundur ve kullan›lan kontrast madde miktar› daha fazlad›r. (Anadolu Kardiyol Derg
2006; 6: 229-34)
AAnnaahhttaarr kkeelliimmeelleerr:: Koroner anjiyografi, transradiyal yaklafl›m

Introduction

Coronary angiography is one of the most commonly perfor-
med diagnostic procedures worldwide (1). The transradial app-
roach (TRA) for performing coronary angiography was initially
proposed by Campeau in 1989 (2). Several studies have shown

that TRA allows treatment of the same type of patients and lesi-
ons as the “classic” transfemoral approach (TFA), with some
advantages over TFA because it involves a minimal vascular
complication rate, eliminates the necessity for prolonged comp-
ression, and allows for earlier ambulation for the patient, rende-
ring the radial approach more comfortable for the patient and
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OObbjjeeccttiivvee:: The radial approach has been increasingly used as an alternative to femoral access. The purpose of the present study was to
assess the feasibility, success, and safety of the transradial approach (TRA) for diagnostic coronary angiography, and to describe the dif-
ficulties associated with the technique as compared with transfemoral approach (TRF). 
MMeetthhooddss:: A series of 180 consecutive patients were divided to TRA or TFA groups by two operators. We compared the groups regarding
procedural time, access time, fluoroscopy time, procedural failure, complications, contrast volume, length of hospital stay, and number
of used coronary catheters.
RReessuullttss:: The number of used coronary catheters was not different between the two groups (p = 0.6). Total hospital length of stay was sig-
nificantly shorter in the radial group (p < 0.0001) than in femoral one. We found differences between the radial and femoral groups in the
success rate (p<0.0001), contrast volume (p = 0.012), procedural time (p<0.0001), access time (p<0.0001), and fluoroscopy time (p<0.0001).
We did not find any major complication in the radial group. There was a major bleeding in the femoral group. 
CCoonncclluussiioonn:: The TRA is a safe alternative to femoral catheterization although with lesser procedural success, longer procedural access,
and radiation time, and more contrast volume. (Anadolu Kardiyol Derg 2006; 6: 229-34)
KKeeyy wwoorrddss:: Coronary angiography, transradial approach
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one that decreases hospital costs and length of stay (3). 
A meta-analysis that collected twelve randomized trials (n =

3224) has been shown that the transradial approach for coronary
procedures is a highly safe and effective technique for both
transcatheter diagnostic and therapeutic procedures (4). For co-
ronary angiography, however, the rationale for full-scale conver-
sion to the radial approach is weaker, especially as many patients
have angiography and angioplasty as separate procedures and
success rates fall with repeat catheterizations (5). Subsequently,
a widespread diffusion of coronary procedures via the radial ar-
tery took place in America (6), Asia (7), and Europe (8).

Nevertheless, the greater technical complexity of the pro-
cedure and the associated significant learning curve has resul-
ted in limited use of this procedure in our country. 

The purpose of the present study was to assess the feasibi-
lity, success, and safety of TRA for coronary angiography, and
to describe the difficulties associated with the technique as
compared with TFA in our clinic. 

Methods

Study Population
This is a one-year period cross sectional study. One hund-

red and eighty patients (110 male, 70 female) were enrolled a 12-
month period between November 2003 and November 2004 with
two partially experienced operators in the TRA (9). They perfor-
med diagnostic coronary angiography according to their cathe-
terization day in a randomized fashion. 

With informed consent, patients were divided TRA or TFA.
The TRA was performed for patients with normal blood perfusion
according to the Allen test by pulse oximetry device. The patients
with negative Allen test or and not eligible for diagnostic coronary
angiography via the radial artery were included to transfemoral
group. Transradial approach for diagnostic coronary angiography
was attempted in 88 patients except 13 patients, in whom proce-
dure could not be performed because of technique-anatomical
reasons and these patients were crossed over to the femoral gro-
up. Subsequently, study population consisted of 75 patients in the
TRA group and 105 patients in the TFA group. 

We compared the TRA group and TFA group for diagnostic
coronary angiography in terms of procedural outcomes including
procedural, access, and radiation time, contrast volume, major
and minor complications, and length of hospital stay. 

Exclusion criteria were angiographic (previous bypass graf-
ting) or technical (right heart catheterization, simultaneous aor-
tic angiography, and absence of indication for ventricular angi-
ogram). 

Artery Cannulation and Hemostasis
In the TRA group with the patient's wrist hyperextended and

after local administration of 1% lignocaine , the radial artery
was punctured using 18 gauge Argon AMC/4 arterial needle (Ar-
gon, Athens, TX). A valved introducing 6 Fr sheath (Cordis, Mi-
ami, USA) was advanced over a 0.018´´ straight wire. A 6 Fr she-
ath (length, 17 cm) was advanced over a guidewire for diagnos-
tic imaging. A 10 ml mixture of saline, 50 mg xylocaine, 5 mg ve-
rapamil, and 2,500 units heparin was injected through the intro-
ducer side-port to prevent focal arterial spasm and thrombosis. 

Coronary catheters were introduced over a 0.035´´ 150 cm

Radifocus guidewire (Terumo Corp., Tokyo, Japan). Hydrophilic
or exchange-length guidewires were used if necessary. Diffe-
rent coronary catheters were used for left and right coronary
cannulations. Angiography was undertaken using predomi-
nantly Judkins-shape catheters. A 260 cm long guidewire was
used in catheter exchange to facilitate the procedure and mini-
mize catheter manipulation into the aortic arch and ascending
aorta. The sheath was removed immediately after the procedu-
re. For hemostasis an elastic band was used. Patients were free
to mobilize immediately following the catheterization procedure
but were asked to limit the wrist movements. The hand was
checked every 30 min for 2 hours prior to discharge. Patients
who underwent diagnostic coronary angiography via TRA were
discharged on the same day after hemostasis was done. 

In the TFA group, catheterization was performed using 7 Fr
diagnostic catheters, usually Judkins curves. After the procedu-
re, the 7 Fr sheath (Cordis, Miami, USA) was removed and he-
mostasis was achieved by the digital pressure for approximately
10 minutes. Patients were asked to lie flat for 2 hours and then
sit up at 30° for 4 hours before walking. These patients were
discharged the following morning. 

Definitions
The following definitions were used in the study.
Access time: interval between local anesthetic injection

and sheath introduction into the radial or femoral artery. Proce-
dural time: interval between local anesthetic injection and
completion of both coronary angiography and left ventriculog-
raphy. 

Coronary lesions were classified according to the ACC/AHA
Task Force on percutaneous transluminal coronary angioplasty
(10). Coronary slow flow was defined as slow dye progression in
the coronary arteries during selective coronary angiography
(11). Coronary artery ectasia was defined by segmental or diffu-
se dilation of the coronary arteries to more than 1.5 the diame-
ter of the adjacent segments of the same artery or of different
arteries (12). 

The body mass index was calculated according to kilo/
height2 formula. Patients with body mass index equal or more
than 25 was accepted obese.

Statistical Analysis 
All analysis was performed with the SPSS 11.0 statistical

package for Windows. Results were shown as means ± stan-
dard deviation and percentage. Student t-test was used for
comparison of mean values and Chi-square test for comparison
of percentages. The Mann-Whitney U test was used to compa-
re continuous variables that were not distributed normally. The
differences between groups were statistically significant with a
p value of < 0.05. 

Results

Patient Characteristics
Baseline demographic and clinical characteristics are

shown in Table 1. The majority of patients were males. There
was no significant difference in the incidence of hypertension,
diabetes, hyperlipidemia, family history of premature coronary
heart disease, smoking, and body mass index between the two
groups.
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Coronary Angiography
Complete angiographic studies were performed by TRA in

85.2%, compared with 99.9% by TFA (p < 0.0001). In the TRA gro-
up; in 93% of cases, arterial access time was accomplished in
less than 5 minutes. 

Of procedures attempted in the 88 TRA patients, they could
not be performed via the TRA in 13 patients (dropout rate, 14.8
%, 5 male, 8 female). Of the 13 failures, in 7 patients radial artery
spasm occurred and in 6 patients the advancement of the guide-
wire within the aorta was not succeeded due to failure to nego-
tiate brachial tortuosity (n = 3), radial loop (n = 2), and aortic ro-
ot elongation (n = 1). In the TFA group the only one failure occur-
red due to inability to negotiate femoral tortuosity (Table 2). 

Angiographic data are shown in Table 1. Three vessel dise-
ases were more often in the radial group (p=0.01). The procedu-
ral, radiation, and access times were significantly longer in the
TRA group (Table I) than in TFA group. Also the contrast volume
was greater in the TRA group in the patients were 60 or more ye-
ars old but not in those less than 60 years old (Table 3). 

The procedural, radiation, and access times, procedure
success, and contrast volume for each operator were exami-
ned. There was no difference in above mentioned variables bet-
ween operators (p > 0.05). 

Catheter Use
Catheters used for coronary angiography are listed in Table

4. In TRA group, coronary left and right heart catheterization and
ventriculography were successfully done in 63, 69, and 74 pati-
ents by using 1 catheter, respectively. In the remaining patients,
an additional catheter was required to engage the left coronary
artery in 9 (12%), the right coronary artery in 5 (6%), and ventri-
culography in 1 (2%) patients. In TFA group, coronary left and
right heart catheterization and ventriculography were success-
fully done in 94, 93, and 103 patients by using 1 catheter, respec-
tively. In the remaining patients, an additional catheter was re-

TTRRAA ((nn==7755)) TTFFAA ((nn==110055)) pp 

Age, years 58 ± 9 59 ± 15 NS

Men, % 60 61.9 NS

Smoking, % 34.7 38.1 NS

Hypertension, % 54.7 55.2 NS

Diabetes, % 25.3 30.5 NS

Family history, % 41.3 31.4 NS

Hypercholesterolemia, % 49.3 46.7 NS

Without significant lesions, % 24 21.9 NS

One-vessel disease, % 16 24.8 NS

Two-vessel disease, % 14.7 16.2 NS

Three-vessel disease, % 41.3 24.8 0.01

Disease of common trunk, % 5.3 5.7 NS

Dilated cardiomyopathy, % - 1.9 NS

Coronary slow flow, % - 1 NS

Coronary ectasia, % - 2.9 NS

Body mass index,  kg/m2 28 ± 4 27 ± 4 NS

Obese patients, % 81 79 NS

Contrast volume, mL 132 ± 18 125 ± 18 0.012

Procedural time, minute 16 ± 6 9 ± 3 <0 .0001

Access time, minute 2.5 ± 1.9 1.2 ± 0.5 < 0.0001

Fluoroscopy time, second 234 ± 103 137 ± 59 < 0.0001

Procedure success rate, % 85.2 99.9 < 0.0001

Hospital length of stay, hour 8.6 ± 3.1 28.4 ± 6.6 < 0.0001

Ns- nonsignificant, TFA - transfemoral approach,  TRA - transradial approach 

TTaabbllee 11.. CClliinniiccaall,, aannggiiooggrraapphhiicc,, aanndd pprroocceedduurraall cchhaarraacctteerriissttiiccss ooff ppaattiieennttss
wwhhoo uunnddeerrwweenntt ttrraannssrraaddiiaall oorr ttrraannssffeemmoorraall ccoorroonnaarryy aannggiiooggrraapphhyy

AAggee,, BBMMII,,

SSeexx yyeeaarrss SSMM HHTT DDMM FFHH HHLL kkgg//mm22 RReeaassoonn

Patient 1 F 60 - + + - + 29 Brachial tortuosity

Patient 2 F 49 + - + - + 27 Brachial tortuosity

Patient 3 M 65 + - - - - 30 Brachial tortuosity

Patient 4 M 53 + - - + + 28 Radial spasm

Patient 5 M 45 - - - + - 32 Radial spasm

Patient 6 F 65 - + + - + 35 Radial spasm

Patient 7 F 54 + - + - - 26 Radial spasm

Patient 8 M 70 + - - - - 22 Failed access

Patient 9 M 47 + + - - - 25 Radial loop

Patient 10 F 51 - + - + + 25 Radial loop

Patient 11 F 59 - + - - + 29 Aortic root elongation

Patient 12 F 51 + + - - - 35 Failed access

Patient 13 F 53 - + + - + 24 Failed access

BMI- body mass index,  DM- diabetes mellitus, F- female, FH- family history for coronary heart disease,  HL- hyperlipidemia, HT- hypertension, M- male, NS- nonsignificant;,SM- smoking

TTaabbllee 22.. TThhee cclliinniiccaall cchhaarraacctteerriissttiiccss aanndd rreeaassoonnss ooff ffaaiilluurree ooff tthhee ppaattiieennttss iinn wwhhoomm  aannggiiooggrraapphhyy ccoouulldd nnoott bbee ppeerrffoorrmmeedd vviiaa tthhee rraaddiiaall aarrtteerryy
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quired to engage the left coronary artery in 11 (10%), the right
coronary artery in 9 (8%) and ventriculography in 2 (2%) pati-
ents. Two additional catheters were required to engage the left
coronary artery in 2 and the right coronary artery in 1 patient in
the TRA group, however in the TFA group two additional cathe-
ters were required to engage the right coronary artery in 3 pati-
ents. Only in the TRA group, three additional catheters were re-
quired to engage the left coronary artery in 1 patient. 

Changes in Dropout Rate 
Procedural failures were higher in TRA group than in TFA

group (p < 0.0001). The dropout rate was higher among obese

patients. When the patients were reanalyzed based on the cha-
racteristics; the reasons for dropping out of their TRA, with res-
pect to age, smoking, sex, hypertension, diabetes, and hyperc-
holesterolemia, no significant differences were seen. 

Procedural Failures and Complications
The most common minor complications seen after the TRA

were forearm bruising and ache. There were no major compli-
cations in the radial approach group, only one patient had he-
matoma along the forearm and one patient developed vasovagal
syncope. All patients had a palpable radial artery post procedu-
re and no patient had symptoms or physical signs of hand ische-

mia. In the femoral group, hematoma formation (> 5 cm in diame-
ter) was reported in 17 patients. There was one large hematoma
required blood transfusion in the femoral group. In the present
study there were no any differences between the two operators
in procedural variables. Although they did not complete their le-
arning curves one hundred transradial cardiac catheterizations
were done by them before this study (9). Total length of hospital
stay was significantly shorter in the radial group (Table 1) as
compared with femoral one. 

Discussion

The present study is the first randomized trial comparing
transradial with transfemoral diagnostic coronary angiography
in Turkey. Transradial coronary angiography and angioplasty
have been documented as safe alternatives to femoral appro-
ach in Western populations (13-14), Chinese patients (15), and
Japanese patients (7). Nevertheless, the greater technical
complexity of the procedure and the associated significant lear-
ning curve has resulted in limited use of this procedure in our
country. 

In this randomized, prospective trial, we found that the radi-
al approach was as safe as the femoral approach.  However,

AAggee << 6600 yyeeaarrss oolldd ((nn == 110077)) TTRRAA ((nn==4444)) TTFFAA ((nn==6633)) pp

Number of used catheters 3.3 ± 0.7 3.2 ± 0.5 NS

Contrast volume, mL 130 ± 16 125 ± 17 NS

Procedural time, minute 16.5 ± 5.6 9.3 ± 3.2 <0 .0001

Access time, minute 2.8 ± 2.2 1.3 ± 0.7 < 0.0001

Fluoroscopy time, second 240 ± 103 129 ± 44 <0 .0001

Procedure success rate, % 85 99 < 0.0001

Hospital length of stay, hour 8.6 ± 3.5 29 ± 8 <0 .0001

Age ≥ 60 years old (n = 73) TRA (n=42) TFA (n=31) p

Number of used catheters 3.3 ± 0.7 3.4 ± 0.7 NS

Contrast volume, mL 134 ± 21 124 ± 20 0.049

Procedural time, minute 15.3 ± 5.9 9.2 ± 2.9 <0 .0001

Access time, minute 2.2 ± 1.4 1.0 ± 0.4 < 0.0001

Fluoroscopy time, second 226 ± 103 148 ± 74 < 0.0001

Procedure success rate, % 84.2 99.1 < 0.0001

Hospital length of stay, hour 8.6 ± 2.6 27.5 ± 3.4 < 0.0001

NS- nonsignificant, TFA- transfemoral approach, TRA- transradial approach 

TTaabbllee 33.. PPrroocceedduurraall cchhaarraacctteerriissttiiccss ooff ppaattiieennttss << 6600 yyeeaarrss oolldd aanndd ≥≥ 6600 yyeeaarrss oolldd iinn tthhee ttwwoo ggrroouuppss

TTRRAA ((nn==7755)) TTFFAA ((nn==110055)) pp 

Single catheter NS

Left coronary catheter 63 94

Right coronary catheter 69 93

Pigtail catheter 74 103

Two catheters NS

Left coronary catheters 9 11

Right coronary catheters 5 9

Pigtail catheters 1 2

Three catheters NS

Left coronary catheters 2 -

Right coronary catheters 1 3

Pigtail catheters - -

Four catheters NS

Left coronary catheters 1 -

Right coronary catheters - -

Pigtail catheters - -

NS-  nonsignificant, TFA-  transfemoral approach, TRA- transradial approach 

TTaabbllee 44.. NNuummbbeerr ooff ccaatthheetteerrss uusseedd iinn tthhee ttwwoo ggrroouuppss 
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access site bleeding complications were significantly less in the
radial group. In addition, more rapid ambulation in this group re-
sulted in a shorter hospital length of stay. The operator's expe-
rience plays a major role in the success rate and procedure du-
ration (16). 

There were no noticeable differences in the clinical charac-
teristics between the radial and femoral group. The angiograp-
hic findings, however, showed a higher frequency of three-ves-
sel disease in the radial group. This may be coincidence. 

The technical results were as anticipated except procedu-
ral success. Procedural success was 85.2 % in the radial group.
This is lower than 94-98% success rates achieved in some stu-
dies (17-19). Obese patients also have a high incidence of comp-
lications at catheterization, and the radial approach has been
shown useful in these patients (20). In our study, 14.8 % patients
dropped out at the TRA attempt. Eleven of 13 patients not eligib-
le for cardiac catheterization via the radial artery were obese
(Table 2). Procedural success was not significantly different in
women, despite the known sex difference in radial artery diame-
ter (21-22).

The number of catheters used was similar in the groups
(Table 4). Most of catheterizations in both groups were perfor-
med with a Judkins left and Judkins right catheters. This was
different from the other studies (17, 19). They were performed
mostly with an Amplatz left catheter for both coronary arteries
in the radial approach. 

In terms of procedure duration, the radial approach was sig-
nificantly more time-consuming than the femoral approach (21).
Achieving access to the radial artery is technically more chal-
lenging and time-consuming than gaining femoral access, but
when the right skills are grasped, the technique is much easier
and reliable (17). Peripheral vascular disease is the most com-
mon indication for TRA and has been shown to result in signifi-
cantly fewer vascular complications than femoral catheterizati-
on in this group (23). However, long-term complications, inclu-
ding radial artery occlusion and narrowing, are associated with
TRA. However, post procedure Doppler examination was not ro-
utinely performed and the incidence of asymptomatic radial ar-
tery occlusion was thus not determined. These complications
are not seen with TFA (17). 

The fluoroscopy time, a more reliable marker of procedural
complexity (21), was significantly shorter in the femoral appro-
ach group as compared with the radial group. Operator radiati-
on exposure, which may vary according to operator position and
X-ray source, was not measured (24).

Contrary to the results involving feasibility, procedure dura-
tion, access time, contrast volume, and X-ray exposure time, du-
ration of bed confinement and hospitalization in the radial group
was shorter than femoral group (17). Same-day discharge was
reported in all radial cases and in no cases when femoral angi-
ography was performed. 

All transradial angiograms were performed with administra-
tion of heparin in order to prevent radial artery occlusion (25).
Vascular complications were scarce in the two groups. One ca-
se of transfusion was reported in the femoral group and hema-
toma in brachial artery was reported in the radial group. No
systematic Doppler examination was performed; consequently,
the percentage of radial occlusions, even when a radial pulse

was present, may have been underestimated (26). Given the du-
al blood supply of the hand, the superficial course of the radial
artery and the absence of major neural and vascular structures
immediately adjacent to the radial artery, it is not surprising that
the incidence of significant vascular complications is low (27).

Patient comfort was better graded with the transradial than
with the transfemoral approach (28), which is reflected in pati-
ents' preferences observed in routine practice. 

We did not determine the cost analysis. But in the previous
study the difference in costs was in favor of transradial proce-
dures, although this difference was mitigated because of the
higher cost of transradial equipment (17). Same-day discharge
is supposed to be one of the advantages of transradial appro-
ach, was mainly for administrative reasons (29). 

Consistent with previous studies, our study demonstrates
that transradial angiography can similarly be performed safely
also in Turkey. The development of specific catheterization equ-
ipment for transradial angiography and improvement operator's
experience could contribute to a further reduction in procedure
duration, X-ray exposure time, and contrast volume. 

Although the number of patients was limited, based our
study data that coronary angiography can be safely performed
using 6 Fr catheters from the radial artery in patients with clini-
cal evidence of a satisfactory ulnar arterial supply to the hand. 

Conclusion

Transradial approach is a safe alternative to femoral cathe-
terization in Turkey although with lesser procedural success,
longer procedural, access, and radiation time and more cont-
rast volume. As for the femoral approach, after adequate tra-
ining, the TRA for coronary angiography is no longer merely an
alternative strategy when the TFA is impossible (30-31) and can
potentially result in an increased number of outpatient procedu-
res. 
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