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Immediate Results of Percutaneous Coronary Intervention for
Unprotected Left Main Coronary Artery Stenoses: 

Transradial versus Transfemoral Approach

Shu-Kai Hsueh, MD; Yuan-Kai Hsieh, MD; Chiung-Jen Wu, MD; Chih-Yuan Fang, MD;
Ali A. Youssef, MD; Chien-Jen Chen, MD; Shyh-Ming Chen, MD; Cheng-Hsu Yang, MD;

Hon-Kan Yip, MD; Mien-Cheng Chen, MD; Morgan Fu, MD; Cheng-I Cheng, MD

Background: The effectiveness of a transradial approach for percutaneous coronary inter-
vention (PCI) is comparable to that of a transfemoral approach. However,
few studies have systematically compared the clinical effectiveness of a tran-
sradial approach with that of a transfemoral approach for unprotected left
main coronary artery (ULMCA) stenoses. We compared success rate, vascu-
lar complications and early (in-hospital and six-month) outcomes of transra-
dial PCI for ULMCA stenoses with those of a transfemoral approach.

Methods: This retrospective study included 131 patients undergoing PCI for ULMCA
stenoses between December 2000 and October 2006: 116 (88.5%) patients
underwent a transradial approach and fifteen (11.5%) underwent a trans-
femoral approach.

Results: Both angiographic and procedural success were achieved in 114 (98.3%)
patients in the transradial group and fourteen (93.3%) patients in the trans-
femoral group (p = 0.876). Patients in the transfemoral group required more
debulking procedures with large guiding catheters and had larger minimal
luminal diameter following PCI than those in the transradial group.
Transradial PCI produced fewer in-hospital major adverse cardiac events
(MACE) (7.8% vs. 33.3%, p = 0.003) and a lower vascular complication rate
compared to the transfemoral approach (1.7% vs. 26.6%, p < 0.001). Six-
month MACE was lower in the transradial group than the transfemoral group
without statistical significance (8.0% vs. 23.1%, p = 0.299).

Conclusions: A transradial approach for ULMCA diseases produced an equal success rate
and a lower vascular complication rate when compared to a transfemoral
approach. It should be considered as an acceptable alternative to the trans-
femoral approach for PCI in ULMCA diseases.
(Chang Gung Med J 2008;31:190-200)
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Atransradial approach is increasingly common in
this era of rapidly developing techniques and

devices for percutaneous coronary intervention
(PCI). The clinical outcomes and procedural success
of a transradial approach are reportedly comparable
to those of a transfemoral approach.(1-3) Further, the
vascular complication rate is lower(1,2) and the com-
pliance of patients is even better than for a trans-
femoral approach.(4)

PCI can be routinely performed using a transra-
dial approach if no contraindication, such as poor
radial pulse, positive Allen test or unstable hemody-
namics, are noted, and is also feasible in selected
patients with acute myocardial infarction.(5-7) A few
studies of small populations have explored the appli-
cation of PCI in unprotected left main coronary
artery (ULMCA) disease, although coronary artery
bypass graft (CABG) is still recommended as the
standard treatment for ULMCA diseases according
to established guidelines.(8) Nevertheless, PCI and
CABG exhibit no significant difference in short- and
intermediate-term clinical outcome of ULMCA dis-
ease.(9,10) However, a higher rate of target lesion
revascularization (TLR) without increased mortality
has been observed in PCI. Only one study has com-
pared transradial and transfemoral approaches for
protected and ULMCA stenoses.(11) Therefore,
patients treated with PCI via either a transradial
approach or transfemoral approach for ULMCA dis-
eases in our institute were retrospectively analyzed to
elucidate whether a transradial approach produced a
short-term clinical outcome comparable to that of a
transfemoral approach.

METHODS

Study population
Patients undergoing transradial or transfemoral

coronary stenting for left main coronary artery steno-
sis of ≥ 50% in our institute between December 2000
and October 2006 were enrolled for retrospective
analysis. Patients with ST-elevated acute myocardial
infarction (MI) were excluded. In this study, PCI was
performed if the lesion was considered suitable for
PCI and not eligible for CABG with one of the fol-
lowing criteria: very high risk for CABG, age > 75
years, limited life expectancy, the patient refused
CABG or was regarded as unstable for CABG by
surgeons.(12)

PCI procedures
Operators were free to choose the radial or

femoral artery for assessment. In one-stage PCI, the
femoral artery would be utilized if a larger-size guid-
ing catheter was considered necessary for further
intervention after initial transradial diagnostic
catheterization. The transfemoral approach was per-
formed on a unilateral femoral artery if adequate
femoral pulse was palpable. Local anesthesia was
achieved with an injection of 6-10 ml 2% Xylocaine
in the groin region. The femoral artery was punc-
tured with an 18-gauge needle and a J-curved Teflon-
coated wire was advanced through the iliac artery.
After advancing a 6 French (Fr) arterial introducing
sheath into the artery, 5000 units of unfractionated
heparin were administered into the femoral artery.
The transradial approach was performed after normal
Allen test in all patients. The palm was placed
upward with the wrist in the hyperextended position.
Local anesthesia of 1 ml 2% Xylocaine was adminis-
tered subcutaneously. Radial arterial puncture was
performed with a 20-22 gauge needle proximal to the
styloid process and then cannulated with a 6 Fr arter-
ial introducing sheath, followed by administration of
a mixture of 5000 units unfractionated heparin,
200 µg nitroglycerin and 2.5 mg verapamil through
the introducing sheath. In some cases, the arterial
introducing sheath was replaced by a 7 Fr or larger
size sheath to facilitate the intended PCI procedure if
the radial artery diameter was sufficient. The PCI
procedure for ULMCA was performed by experi-
enced operators using techniques described by
Iakovou et al. after administering additional 5000
units of heparin.(13) After the procedure was complet-
ed, the radial arterial sheath was immediately
removed and gauze fixed dressings were applied for
hemostasis. The femoral introducing sheath was left
for 2-4 hours until activated clotting time was < 180
seconds. Adequate external compression and further
gauze pressure dressings with sand bag compression
were applied for at least 4 hours to achieve hemosta-
sis.

Definitions
High pressure inflation was defined as maximal

balloon inflation pressure ≥ 16 atmosphere (atm).
Angiographic success was defined as grade 3
Thrombolysis In Myocardial Infarction (TIMI) flow
achieved on angiography at the target lesion and
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bifurcation of distal ULMCA with residual diameter
stenosis < 30%. Procedural success was defined as
angiographic success achieved without procedure-
related death, Q wave MI, stroke, repeat PCI or
emergent CABG during hospitalization. Non-Q wave
MI was defined as elevation of total creatinine kinase
exceeding twice the upper limit of the normal value
with positive muscle-brain (MB) form in the absence
of pathological Q waves on electrocardiography.
Deaths were classified as cardiac or non-cardiac, and
deaths of unknown causes were classified as cardiac-
related. The definition of renal insufficiency was a
serum creatinine level > 1.4 mg/dL and that of hyper-
lipidemia was a serum total cholesterol level > 200
mg/dL. The European system of cardiac operative
risk assessment (EuroSCORE) was used to stratify
the risk of death at 30 days and patients were identi-
fied as high risk if the EuroSCORE was ≥ 6.(14)

Study endpoints
Study endpoints were angiographic success,

procedural success, vascular complications and early
(in-hospital and six-month) outcomes. Local vascular
complications included local hematoma, regional
ischemic changes, peripheral artery occlusion, arteri-
ovenous fistula, pseudoaneurysm, and bleeding com-
plications meeting TIMI major and minor criteria for
bleeding complications.(15) In-hospital and short-term
major adverse cardiovascular events (MACE) includ-
ed post-procedural MI (Q wave or non-Q wave),
repeat PCI, CABG, acute (within 24 hours) or suba-
cute (within one month) thrombosis, stroke, pul-
monary edema, ventricular tachyarrhythmia and
death occurring during hospitalization or six months
following PCI.

Statistical analysis
Continuous variables were presented as mean 

standard deviation (SD) and categorical variables as
percentages. Data were analyzed by chi-square for
categorical variables and independent sample t test
for continuous variables. A p value < 0.05 was con-
sidered statistically significant. The software pack-
age SPSS 11.0 (SPSS Inc., Chicago, Illinois, U.S.A.)
was used for statistical analysis.

RESULTS

Baseline characteristics
One hundred and thirty-one patients who under-

went elective PCI for ULMCA stenoses were
enrolled in this study, including 116 (88.5%) patients
who underwent a transradial approach and fifteen
(11.5%) who underwent a transfemoral approach.
Forty-nine (42.2%) patients in the transradial group
and six (40%) patients in the transfemoral group had
undergone prior PCI (p = 0.869). Table 1 lists base-
line characteristics. No significant differences in age,
weight, height, body mass index or gender were
noted, although the transradial group included a

Table 1. Baseline Clinical Characteristics

Transradial Transfemoral
p value

(n = 116) (n = 15)

Age (years) 67.4 10.4 65.6 10.6 0.526

Weight (kg) 64.8 10.7 59.2 12.1 0.063

Height (cm) 160.9 8.2 157.0 5.9 0.077

Body mass index 25.00 3.55 23.90 3.93 0.307

Male (%) 89 (76.7%) 8 (53.3%) 0.052

Hypertension (%) 79 (68.1%) 14 (93.3%) 0.043

Diabetes mellitus (%) 44 (37.9%) 7 (46.7%) 0.514

Current smoking (%) 25 (21.6%) 5 (33.3%) 0.823

Hyperlipidemia (%) 83 (71.6%) 9 (60.0%) 0.357

Renal insufficiency (%) 28 (24.1%) 5 (33.3%) 0.440

Prior MI (%) 26 (22.4%) 4 (26.7%) 0.712

Prior stroke (%) 13 (11.2%) 5 (33.3%) 0.019

PVD (%) 16 (13.8%) 1 (6.7%) 0.440

Prior PTCA (%) 49 (42.2%) 6 (40%) 0.869

LVEF < 40% (%) 14 (12.1%) 2 (13.3%) 0.888

Grade 3-4 mitral regurgitation 7 (6.0%) 1 (6.7%) 0.923

CHF NYHA Fc III & IV (%) 15 (12.9%) 3 (20%) 0.454

EuroSCORE - mean 7.3 3.7 8.7 5.1 0.307

Low risk (1-2) (%) 5 (4.3%) 0 0.715

Moderate risk (3-5) (%) 37 (31.9%) 5 (33.3%)

High risk (≥ 6) (%) 74 (63.8%) 10 (66.7%)

Clinical presentation as 0.329

revascularization indication (%)

Stable angina (%) 21 (18.1%) 5 (33.3%)

Unstable angina (%) 74 (63.8%) 6 (40.0%)

NSTEMI (%) 14 (12.1%) 3 (20%)

CHF (%) 7 (6.0%) 1 (6.7%)

CABG eligibility (%) 90 (77.6%) 11 (73.3%) 0.712

Abbreviations: CABG: coronary artery bypass graft; CHF: congestive
heart failure; LVEF: left ventricular ejection fraction; MI: myocardial
infarction; NSTEMI: non-ST segment elevation myocardial infarction;
NYHA Fc: New York Heart Association functional class; PTCA: percu-
taneous transluminal coronary angioplasty; PVD: peripheral vascular
disease.
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higher proportion of males (76.7% vs. 53.3%, p =
0.052). Coronary artery disease (CAD) risk factors,
including diabetes mellitus, current smoking, hyper-
lipidemia and renal insufficiency, did not significant-
ly differ between the two groups but the incidence of
hypertension was higher in the transfemoral group
(93.3% vs. 68.1%, p = 0.043). The incidence of prior
MI, prior percutaneous transluminal coronary angio-
plasty and peripheral vascular disease did not signifi-
cantly differ between the two groups except for a
higher incidence of prior stroke in the transfemoral
group (33.3% vs. 11.2%, p = 0.019). The two groups
did not significantly differ in left ventricular ejection
fraction < 40%, grade 3-4 mitral regurgitation, con-
gestive heart failure (CHF) New York Heart
Association Function Class (NYHA Fc) III or IV and
clinical indications for revasculization. Unstable
angina was the most common clinical presentation in
both groups (transradial vs. transfemoral: 63.8% vs.
40.0%, p = 0.329). Seventy-four (63.8%) patients in
the transradial group and ten (66.7%) patients in the
transfemoral group were stratified as high risk
according to EuroSCORE (p = 0.715). Ninety
(77.6%) patients in the transradial group and eleven
(73.3%) in the transfemoral group were eligible for
CABG (p = 0.712).

Angiographic characteristics
Table 2 lists the angiographic characteristics in

the transradial and transfemoral groups in this series.
Ninety-nine (85.6%) patients in the transradial group
and thirteen (86.6%) in the transfemoral group had
ULMCA stenosis with multi-vessel CAD (p =
0.346). Thirty-three (28.4%) patients in the transradi-
al group and none in the transfemoral group had con-
comitant occluded coronary vessels of the left anteri-
or descending, left circumflex or right coronary
artery. All except three (2.6%) patients in the transra-
dial group had a de novo lesion. Bifurcation lesions
were observed in eighty-six (74.1%) patients in the
transradial group and twelve (80%) in the trans-
femoral group (p = 0.632). Ninety-five (90.5%)
patients in the transradial group and fourteen
(93.3%) patients in the transfemoral group were clas-
sified as B2 or C lesion according to American Heart
Association (AHA) lesion classification system (p =
0.384). Mean minimal lumen diameter (MLD), mean
reference vessel diameter (RVD), stenosis diameter
and lesion length before PCI did not significantly

Table 2. Angiographic Characteristics

Transradial Transfemoral
p value(n = 116) (n = 15)

Diseased vessel 0.346

LMCA only (%) 5 (4.3%) 2 (13.3%)

LMCA & one vessel (%) 12 (10.3%) 0 (0%)

LMCA & two vessels (%) 28 (24.1%) 5 (33.3%)

LMCA & three vessels (%) 68 (58.6%) 8 (53.3%)

LMCA, ramus & three vessels (%) 3 (2.6%) 0 (0%)

Occluded LAD (%) 9 (7.8%) 0 (0%) 0.324

Occluded LCX (%) 8 (6.9%) 0 (0%) 0.449

Occluded RCA (%) 16 (13.8%) 0 (0%) 0.057

Bifurcation lesion (%) 86 (74.1%) 12 (80.0%) 0.632

De novo lesion (%) 113 (97.4%) 15 (100%) 0.529

AHA lesion classification 0.384

B1 (%) 11 (9.5%) 1 (6.7%)

B2 (%) 72 (62.1%) 12 (80.0%)

C (%) 33 (28.4%) 2 (13.3%)

TIMI flow 0.797

II (%) 10 (8.6%) 1 (6.7%)

III (%) 106 (91.4%) 14 (93.3%)

Pre-MLD (mm) 1.18 0.62 0.939 0.53 0.160

Pre-RVD (mm) 3.61 0.63 3.77 0.79 0.378

Diameter stenosis (%) 67.2 16.0 70.3 21.6 0.498

LM stenosis  < 75% 78 (67.3%) 8 (53.3%) 0.441

75 - 94.9% 36 (31.0%) 7 (46.7%)

≥ 95% 2 (1.7%) 0 (20%)

Lesion length (mm) 16.03 9.95 11.67 7.72 0.104

Post-MLD (mm) 3.70 0.58 4.10 0.67 0.014

Post-RVD (mm) 4.09 0.55 4.42 0.65 0.032

Residual stenosis (%) 10.0 9.9 8.0 6.8 0.449

Acute gain (mm) 2.51 0.82 3.17 0.66 0.004

Stent-to-reference ratio 0.97 0.16 1.05 0.23 0.228

Dissection on final angiogram 0.864

No dissection 110 (94.8%) 14 (93.3%)

Type A (%) 5 (4.3%) 1 (6.7%)

Type B (%) 1 (0.9%) 0 (0%)

Angiographic success (%) 114 (98.3%) 14 (93.3%) 0.876

Complete revasculization (%) 56 (48.3%) 9 (60.0%) 0.393

Abbreviations: AHA: American Heart Association; LAD: left anteri-
or descending artery; LCX: left circumflex artery; LMCA: left main
coronary artery; MLD: minimal lumen diameter; RCA: right coronary
artery; RVD: reference vessel diameter; TIMI: Thrombolysis In
Myocardial Infarction.
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differ between the two groups. Left main artery
stenosis diameter was divided into < 75%, 75-95%
and ≥ 95% according to the Duke prognostic CAD
index.(16) Thirty-eight (32.8%) patients in the transra-
dial group and seven (46.7%) in the transfemoral
group had a stenosis diameter of at least 75% (p =
0.441). Angiographic success was achieved in 114
(98.3%) patients in the transradial group and four-
teen (93.3%) patients in the transfemoral group (p =
0.876). Residual stenosis and stent-to-reference ratio
did not significantly differ between a transradial and
transfemoral approach following PCI. The MLD,
RVD and acute gain following PCI were significant-
ly greater in the transfemoral group than in the tran-
sradial group (p = 0.014, 0.032 and 0.004, respec-
tively). In the transradial group, final angiogram
showed type A dissection in five patients (4.3%) and
type B dissection in one patient (0.9%), respectively,
while one patient (6.7%) in the transfemoral group
had type A dissection (p = 0.864). Fifty-six (48.3%)
patients in the transradial group and nine (60%) in
the transfemoral group achieved complete revascu-
larization (p = 0.393).

Procedural characteristics
Table 3 summarizes procedural characteristics.

Secondary-session PCI for ULMCA after either
diagnostic catheterization or PCI to segments other
than the left main artery was performed in 20
(17.2%) patients in the transradial group and 3 (20%)
patients in the transfemoral group (p = 0.792).
Procedural success was equal to angiographic suc-
cess in both groups (transradial vs. transfemoral:
98.3% vs. 93.3%, p = 0.876). Eighty-four (72.4%)
patients in the transradial group were accessed via
the left radial artery due to preference of the opera-
tors or magnitude of radial pulsation of the patients.
The right femoral artery was more frequently
(86.7%) utilized in the femoral approach group.
Ninety-nine (85.3%) patients were cannulated with 6
Fr catheters in the transradial group and a range of
catheter sizes from 6 Fr to 10 Fr was used in the
transfemoral group for debulking procedures
(p < 0.001). A Judkins left catheter was selected for
eleven (73.3%) transfemoral PCI patients. Kimny
radial or mini-radial catheters were used in seventy
(60.3%) transradial approach patients (p < 0.001). An
intra-aortic balloon pump (IABP) was implanted in
six (5.2%) patients in the transradial group and three

Table 3. Procedural Characteristics

Transradial Transfemoral
p value(n = 116) (n = 15)

Procedure time (minutes) 84.6 34.4 83.7 41.1 0.924
Secondary session PCI 20 (17.2%) 3 (20%) 0.792
Ad hoc PCI (%) 62 (53.4%) 1 (6.7%) 0.001
Left radial/right femoral approach (%) 84 (72.4%) 13 (86.7%)
Catheter size < 0.001

6 Fr (%) 99 (85.3%) 3 (20.0%)
7 Fr (%) 16 (13.8%) 3 (20.0%)
8 Fr (%) 1 (0.9%) 5 (33.3%)
9 Fr (%) 0 (0%) 2 (13.3%)

10 Fr (%) 0 (0%) 2 (13.3%)
Catheter type < 0.001

Kimny radial or Kimny-mini radial (%) 70 (60.3%) 1 (6.7%)
Judkins left 3.5, 4.0 or 4.5 (%) 25 (21.6%) 11 (73.3%)
XB 4.0 or 4.5 (%) 7 (6.0%) 1 (6.7%)
Amplatz left 1 or 2 (%) 4 (3.4%) 0 (0%)
EBU (%) 2 (1.7%) 2 (13.3%)
Ikari left 3.5 (%) 8 (6.9%) 0 (0%)

Temporal pacemaker (%) 0 (0%) 1 (6.7%) 0.005
IABP support (%) 6 (5.2%) 3 (20.0%) 0.033
IVUS guide (%) 60 (51.7%) 10 (66.7%) 0.275
Lesion modification 

DCA (%) 1 (0.9%) 4 (26.7%) < 0.001
Rotational atherectomy (%) 1 (0.9%) 2 (13.3%)
CBA (%) 6 (5.2%) 1 (6.7%)

Direct stenting (%) 19 (16.4%) 2 (13.3%) 0.762
Stent covering LMCA ostium (%) 50 (43.1%) 8 (53.3%) 0.453
Stent crossing bifurcation (%) 91 (78.4%) 8 (53.3%) 0.033
DES penetration (%) 80 (69.0%) 3 (20.0%) < 0.001
Number of stents - mean 1.30 0.48 1.13 0.35 0.113

One (%) 82 (70.7%) 13 (86.7%)
Two (%) 34 (29.3%) 2 (13.3%)

Stent deployment technique 0.146
One stent without kissing balloon (%) 41 (35.3%) 4 (26.6%)
One stent with kissing balloon (%) 41 (35.3%) 10 (66.7%)
Simultaneous kissing stent (%) 1 (0.9%) 1 (6.7%)
Modified crush (%) 9 (7.8%) 0 (0%)
Crush (%) 1 (0.9%) 0 (0%)
Culotte (%) 20 (17.1%) 0 (0%)
T stent (%) 2 (1.8%) 0 (0%)
Provisional T stent (%) 1 (0.9%) 0 (0%)

Stent length (mm) 24.2 7.6 16.9 9.3 < 0.001
Stent width (mm) 3.4 0.3 3.8 0.5 0.001
Maximal pressure (atm) 18.0 4.5 14.7 3.8 0.007
Additional NC balloon dilatation (%) 45 (38.8%) 5 (33.3%) 0.772
High pressure inflation ≥ 16 atm (%) 92 (79.3%) 8 (53.3%) 0.049
Final kissing balloon (%) 73 (62.9%) 10 (66.7%) 0.772
Procedural success (%) 114 (98.3%) 14 (93.3%) 0.876

Abbreviations: CBA: cutting balloon angioplasty; DCA: directional coronary
atherectomy; DES: drug-eluting stent; EBU: extra back-up; Fr: French; LMCA:
left main coronary artery; IABP: intra-aortic balloon pumping; IVUS: intravascu-
lar ultrasound; NC: non-compliant; PCI: percutaneous coronary intervention; XB:
extra-backup.
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(20%) in the transfemoral group due to hemodynam-
ic instability before PCI (p = 0.033). Only one in the
transfemoral group required a transvenous temporary
pacemaker (p = 0.005). Intravascular ultrasound was
performed in sixty (51.7%) patients in the transradial
group and ten (66.7%) patients in the transfemoral
group to evaluate ULMCA lesions or as guidance for
PCI. Lesion modification with directional coronary
atherectomy (DCA) or rotational atherectomy was
performed in six (40%) patients in the transfemoral
group and in only two (1.7%) patients in the transra-
dial group; cutting balloon angioplasty was per-
formed in six (5.2%) patients in the transradial group
and one (6.7%) patient in the transfemoral group
(p < 0.001). Nineteen (16.4%) patients in the transra-
dial group and two (13.3%) in the transfemoral
group received direct stenting (p = 0.762). Stent
deployment covering the ULMCA ostium and stent-
ing across the bifurcation were performed in fifty
(43.1%) and ninety-one (78.4%) patients in the tran-
sradial group, respectively, and in eight (53.3%) and
eight (53.3%) patients in the transfemoral group,
respectively. Drug-eluting stents (DES) were intro-
duced into eighty (69%) patients in the transradial
group and only three (20%) patients in the trans-
femoral group (p < 0.001). The mean number of
stents involved in PCI did not significantly differ
between the two groups (p = 0.113). Stent deploy-
ment techniques using one stent with or without a
kissing balloon technique and simultaneous kissing
stent were similar in the two groups (p = 0.146).
Thirty-three (28.5%) patients in the transradial group
and none in the transfemoral group underwent modi-
fied crush, crush, culotte, T stent or provisional stent
techniques. Mean stent length and width were 24.2

7.6 mm and 3.4 0.3 mm in the transradial
group, respectively, and 16.9 9.3 mm and 3.8
0.5 mm in the transfemoral group, respectively.
Mean values of maximal pressure for PCI were 18.0

4.5 atm in the transradial group and 14.7 3.8
atm in the transfemoral group (p = 0.007). High pres-
sure inflation was employed in ninety-two (79.3%)
patients in the transradial group and eight (53.3%)
patients in the transfemoral group (p = 0.049). There
were no differences in PCI technique, including
additional application of non-compliance balloon
dilatation and final kissing balloon, between the two
groups.

In-hospital and six-month outcomes
Table 4 displays in-hospital outcomes of the

studied patients. No regional ischemic change, radial
or femoral artery occlusions, or bleeding events
matching TIMI major criteria were noted in either
group. Significantly higher incidences of hematoma
or ecchymosis over 5 cm (20%), pseudoaneurysm
(6.7%) or bleeding events compatible with TIMI
minor criteria (6.7%) in the transfemoral group were
noted (p < 0.001). No subjects had Q wave MI or
stroke following PCI but seven (6.0%) patients in the
transradial group and two (13.3%) patients in the
transfemoral group developed subclinical non-Q

Table 4. In-hospital Outcomes

Transradial Transfemoral
p value(n = 116) (n = 15)

Local vascular complications 2 (1.7%) 4 (26.6%) <0.001

Regional ischemic change (%) 0 (0%) 0 (0%) 1.000

Radial/femoral artery occlusion (%) 0 (0%) 0 (0%) 1.000

Hematoma/ecchymosis > 5 cm (%) 2 (1.7%) 3 (20%) 0.001

Arteriovenous fistula (%) 0 (0%) 0 (0%) 1.000

Pseudoaneurysm (%) 0 (0%) 1 (6.7%) 0.005

c/w TIMI minor bleeding criteria (%) 0 (0%) 1 (6.7%) 0.005

c/w TIMI major bleeding criteria (%) 0 (0%) 0 (0%) 1.000

In-hospital CV event (%) 9 (7.8%) 5 (33.3%) 0.003

Post-PCI MI (%) 7 (6.0%) 2 (13.3%) 0.293

Q wave (%) 0 (0%) 0 (0%) 1.000

Non-Q wave (%) 7 (6.0%) 2 (13.3%) 0.293

Repeat PCI (%) 1 (0.9%) 1 (6.7%) 0.084

CABG (%) 0 (0%) 0 (0%) 1.000

Acute/subacute thrombosis (%) 1 (0.9%) 1 (6.7%) 0.084

Stroke (%) 0 (0%) 0 (0%) 1.000

Pulmonary edema (%) 1 (0.9%) 1 (6.7%) 0.084

Ventricular tachyarrhythmia (%) 1 (0.9%) 2 (13.3%) 0.002

Cardiac death (%) 1 (0.9%) 2 (13.3%) 0.002

Total death (%) 1 (0.9%) 2 (13.3%) 0.002

Mean duration of hospitalization (days) 6.9 13.3 7.5 9.1 0.867

1-3 (%) 58 (50.0%) 5 (33.3%) 0.461

4-7 (%) 32 (27.6%) 6 (40.0%)

8-14 (%) 19 (16.4%) 2 (13.3%)

≥ 15 (%) 7 (6.0%) 2 (13.3%)

Abbreviations: CABG: coronary artery bypass graft; CHF: congestive heart
failure; CV: cardiovascular; c/w: compatible with; MI: myocardial infarction;
PCI: percutaneous coronary intervention; TIMI: Thrombolysis In Myocardial
Infarction.
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wave MI (p = 0.293) following PCI. One (0.9%)
patient in the transradial group and one (6.7%) in the
transfemoral group suffered early thrombosis requir-
ing repeat PCI (p = 0.084), and none received
CABG. The incidence of pulmonary edema was
0.9% in the transradial group and 6.7% in the trans-
femoral group (p = 0.084). One (0.9%) patient in the
transradial group and two (13.3%) in the trans-
femoral group suffered cardiac death (p = 0.002).
The sole cardiac death in the transradial group
occurred to one patient who had non-ST elevation
MI and EuroSCORE 18 before PCI. The patient
developed exacerbation of CHF and renal failure and
died of sepsis one week after PCI. One of the two
cardiac deaths in the transfemoral group had initial
presentation as acute pulmonary edema and
EuroSCORE 18, and expired due to pumping failure
with fatal ventricular tachyarrhythmia. The other
patient who received DCA suffered acute pulmonary
edema with subsequent death one day following PCI.
The suspected cause of mortality was acute thrombo-
sis. Mean hospital stay of the transradial group was
6.9 13.3 days and of the transfemoral group was
7.5 9.1 days (p = 0 .867).

Table 5 lists MACE six months following PCI.
After excluding three in-hospital deaths and two
patients lost to follow-up, 113 patients in the transra-
dial group and thirteen patients in the transfemoral

group were evaluated. The rate of MACE was higher
in the transfemoral group but there was no statistical-
ly significant difference (23.1% vs. 8.0%, p = 0.299).
Cardiac death occurred in three (2.7%) patients in the
transradial group and one (7.7%) in the transfemoral
group (p = 0.327). One patient in the transradial
group died of gastric cancer. Four (3.5%) patients in
the transradial group and two (15.4%) in the trans-
femoral group received target vessel revasculariza-
tion (TVR) by PCI (p = 0.468). Only one patient in
both groups had transient ischemic stroke one month
after ULMCA stenting (p = 0.733). There was nei-
ther MI nor thrombosis observed during this period.

DISCUSSION

This study demonstrated that transradial PCI for
ULMCA disease had a procedural success rate com-
parable to that of transfemoral PCI. Transradial
access for PCI is superior to transfemoral access in
ease of compression to stop bleeding and facilitate
patient mobilization, and the rate of vascular compli-
cations are reportedly very low.(1-3) Minor bleeding
using a transradial approach occurs in 1% or fewer
cases, and almost none have major vascular compli-
cations in comparison with 2% in the transfemoral
group.(1) Bleeding is also rare in the transradial PCI
for protected and unprotected left main diseases.(11)

The rate of vascular complications following a tran-
sradial approach for ULMCA disease was low in the
current study and occurred in only two (1.7%)
patients without local bleeding complications. This
incidence was similar to that reported in previous
studies of PCI for other coronary segments.(1-3)

Transradial PCI does not increase procedure and
fluoroscopy time, and hospital stay is even shorter
than for a transfemoral approach.(1,2) For left main
diseases, Ziakas et al. showed that a transradial
approach had a procedural success rate comparable
to a transfemoral approach without increased proce-
dure time and hospital stay.(11) A 6 Fr guiding catheter
was feasible in most cases of PCI, and we used 7 Fr
guides on some patients to introduce rotational
atherectomy or kissing balloon angioplasty via a
transradial approach. In the current study, no signifi-
cant difference in procedure time and hospital stay
was observed between transradial and transfemoral
approaches. Therefore, a transradial approach can be
used as an alternative to a transfemoral approach for

Table 5. Six-month Clinical Outcomes

Transradial Transfemoral
p value(n = 113) (n = 13)

MACE (%) 9 (8.0%) 3 (23.1%) 0.299

Q wave MI (%) 0 (0%) 0 (0%) 1.000

Non-Q wave MI (%) 0 (0%) 0 (0%) 1.000

TVR

PCI (%) 4 (3.5%) 2 (15.4%) 0.468

CABG (%) 0 (0%) 0 (0%) 1.000

Acute/subacute thrombosis (%) 0 (0%) 0 (0%) 1.000

Stroke (%) 1 (0.9%) 0 (0%) 0.733

Admission due to CHF (%) 0 (0%) 0 (0%) 1.000

Cardiac death (%) 3(2.7%) 1 (7.7%) 0.327

Total death (%) 4 (3.6%) 1 (7.7%) 0.468

Abbreviations: CABG: coronary artery bypass graft; CHF: congestive
heart failure; MACE: major adverse cardiovascular events; MI: myocar-
dial infarction; PCI: percutaneous coronary intervention; TVR: target
vessel revascularization.
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ULMCA PCI.
In this study, DCA was more frequently applied

in the transfemoral group by using a larger guiding
catheter, and resulted in significantly greater MLD,
RVD and acute gain in comparison to the transradial
group, as documented in previous studies.(17) The use
of DCA is also beneficial for removing plaque and
minimizing plaque shift.(18) Several studies have sug-
gested the feasibility and efficacy of performing
DCA before stenting, and a low restenosis rate and
acceptable acute results in complex coronary lesions
have been documented.(19-22) However, angiographic
and clinical restenosis rates did not significantly dif-
fer between DCA before stenting and stenting alone
in the AMIGO trial.(23) The DESIRE/ AMIGO trial
also demonstrated slightly higher MACE with
debulking before stenting compared to stenting alone
at 30-day follow-up but six-month outcomes showed
no difference between these two groups.(23,24) In this
series, 26.7% of patients in the transfemoral group
underwent DCA but only one (0.9%) patient in the
transradial group received DCA. Additionally,
implantation of DES revealed a better long-term
prognosis than DCA alone or DCA prior bare-metal
stenting.(25) Due to the large catheter needed and com-
parable results, DCA is now rarely used in PCI for
ULMCA.(26) Thus, a transradial approach with a
small catheter and DES implantation is acceptable in
most cases.

The transradial group had a lower rate of in-hos-
pital MACE than the transfemoral group (7.8% vs.
33.4%, p = 0.003). The incidence of post-PCI MI,
repeat PCI, acute thrombosis and pulmonary edema
were also lower in the transradial group but there
was no statistical significance. Limited case number
in the transfemoral group and too few in-hospital
events in both groups might affect the statistical dif-
ference. In-hospital results of transradial PCI in this
series were consistent with previous studies demon-
strating a low TLR rate(27) but the incidence of in-
hospital MACE was higher in the transfemoral
group. In addition to DCA, a high penetration rate of
DES in the transradial group is another possible
cause. Palmerini et al. found that patients with left
main disease treated with DES had a 25% relative
risk reduction in the rate of death, MI and TLR com-
pared to those treated with bare-metal stents.(9) The
DES penetration rate was as high as 69% in our tran-
sradial group but only 20% in the transfemoral group

(p < 0.001). Moreover, high pressure inflation can
reduce subsequent MACE and also the incidence of
stent thrombosis.(28-31) As more patients in the transra-
dial group received high pressure inflation compared
to the transfemoral group, this might have reduced
the incidence of in-hospital MACE in the current
study. Previous studies have shown that parameters
that predict in-hospital mortality include age, female
gender, pre-procedural MI, peripheral artery occlu-
sive disease, CHF and renal insufficiency.(32-34) No
difference was noted in the current study between
these two groups except that the transfemoral group
had a slightly higher proportion of female patients
than the transradial group (46.7% vs. 23.3%, p =
0.052). Further investigation is required to adjust for
possible confounding factors of PCI for ULMCA.

The transfemoral group had a greater proportion
of six-month MACE than the transradial group
(23.1% vs. 8.0%, p = 0.299), without statistical sig-
nificance for TVR, stroke, cardiac death and total
death. Limited case numbers in the transfemoral
group might affect the statistical power. Compared to
the study by Ziakas et al, in which six-month MACE
in the transradial group was 14.8% and in the trans-
femoral group was 25.5%,(11) we had similar results in
the transfemoral group and a lower incidence in the
transradial group. This may be related to preferring a
transradial approach in usual practice in our institute
and more DCA in the transfemoral group.

The major limitation of this study was the non-
randomized selection of patients for a transradial or
transfemoral approach. Selection bias favoring a
larger catheter size in the transfemoral group may
have occurred due to increased utilization of debulk-
ing procedures. Additionally, the transfemoral group
had a limited case number.

In conclusion, a transradial approach for
ULMCA disease had an equal success rate and a
lower vascular complication rate when compared to a
transfemoral approach. Although DCA or rotational
atherectomy were more frequently used in the trans-
femoral group than in the transradial group, no
improvement in in-hospital and short-term MACE
was revealed in the transfemoral group. Therefore, a
transradial approach could be considered as an alter-
native to a transfemoral approach for performing PCI
for ULMCA diseases. Future studies may further
elucidate intermediate and long-term outcomes.



Chang Gung Med J Vol. 31 No. 2
March-April 2008

Shu-Kai Hsueh, et al
Left main coronary artery intervention

198

REFERENCES

1. Kiemeneij F, Laarman GJ, Odekerken D, Slagboom T,
van der Wieken R. A randomized comparison of percuta-
neous transluminal coronary angioplasty by the radial,
brachial and femoral approaches: the access study. J Am
Coll Cardiol 1997;29:1269-75.

2. Mann T, Cubeddu G, Bowen J, Schneider JE, Arrowood
M, Newman WN, Zellinger MJ, Rose GC. Stenting in
acute coronary syndrome: a comparison of radial versus
femoral access sites. J Am Coll Cardiol 1998;32:572-6.

3. Klinke WP, Hilton JD, Warburton RN, Warburton WP,
Tan RP. Comparison of treatment outcomes in patients >
or = 80 years undergoing transradial versus transfemoral
coronary intervention. Am J Cardiol 2004;93:1282-5.

4. Cooper CJ, El-Shiekh RA, Cohen DJ, Blaesing L, Burket
MW, Basu A, Moore JA. Effect of transradial access on
quality of life and cost of cardiac catheterization: A ran-
domized comparison. Am Heart J 1999;138:430-6.

5. Ziakas A, Klinke P, Mildenberger R, Fretz E, Williams M,
Della Siega A, Kinloch D, Hilton D. Comparison of the
radial and the femoral approaches in percutaneous coro-
nary intervention for acute myocardial infarction. Am J
Cardiol 2003;91:598-600.

6. Saito S, Tanaka S, Hiroe Y, Miyashita Y, Takahashi S,
Tanaka K, Satake S. Comparative study on transradial
approach vs. transfemoral approach in primary stent
implantation for patients with acute myocardial infarction:
results of the test for myocardial infarction by prospective
unicenter randomization for access sites (TEMPURA)
trial. Catheter Cardiovasc Interv 2003;59:26-33.

7. Philippe F, Larrazet F, Meziane T, Dibie A. Comparison
of transradial vs. transfemoral approach in the treatment
of acute myocardial infarction with primary angioplasty
and abciximab. Catheter Cardiovasc Interv 2004;61:67-
73.

8. Smith SC Jr, Feldman TE, Hirshfeld JW Jr, Jacobs AK,
Kern MJ, King SB 3rd, Morrison DA, O’Neill WW,
Schaff HV, Whitlow PL, Williams DO, Antman EM,
Smith SC Jr, Adams CD, Anderson JL, Faxon DP, Fuster
V, Halperin JL, Hiratzka LF, Hunt SA, Nishimura R,
Ornato JP, Page RL, Riegel B; American College of
Cardiology/American Heart Association ask Force on
Practice Guidelines; ACC/AHA/SCAI Writing Committee
to Update the 2001 Guidelines for percutaneous Coronary
Intervention. ACC/AHA/SCAI 2005 Guideline Update
for Percutaneous Coronary Intervention-Summary
Article: A Report of the American College of
Cardiology/American Heart Association Task Force on
Practice Guidelines (ACC/AHA/SCAI Writing
Committee to Update the 2001 Guidelines for
Percutaneous Coronary Intervention). J Am Coll Cardiol
2006;47:216-35.

9. Palmerini T, Marzocchi A, Marrozzini C, Ortolani P, Saia

F, Savini C, Bacchi-Reggiani L, Gianstefani S, Virzi S,
Manara F, Kiros Weldeab M, Marinelli G, Di Bartolomeo
R, Branzi A. Comparison between coronary angioplasty
and coronary artery bypass surgery for the treatment of
unprotected left main coronary artery stenosis (the
Bologna Registry). Am J Cardiol 2006;98:54-9.

10. Chieffo A, Morici N, Maisano F, Bonizzoni E, Cosgrave
J, Montorfano M, Airoldi F, Carlino M, Michev I, Melzi
G, Sangiorgi G, Alfieri O, Colombo A. Percutaneous
treatment with drug-eluting stent implantation versus
bypass surgery for unprotected left main stenosis: a sin-
gle-center experience. Circulation 2006;113:2542-7.

11. Ziakas A, Klinke P, Mildenberger R, Fretz E, Williams
MB, Della Siega A, Kinloch RD, Hilton JD. Comparison
of the radial and femoral approaches in left main PCI: a
retrospective study. J Invasive Cardiol 2004;16:129-32.

12. Lee MS, Kapoor N, Jamal F, Czer L, Aragon J, Forrester
J, Kar S, Dohad S, Kass R, Eigler N, Trento A, Shah PK,
Makkar RR. Comparison of coronary artery bypass
surgery with percutaneous coronary intervention with
drug-eluting stents for unprotected left main coronary
artery disease. J Am Coll Cardiol 2006;47:864-70.

13. Iakovou I, Ge L, Colombo A. Contemporary stent treat-
ment of coronary bifurcations. J Am Coll Cardiol
2005;46:1446-55.

14. Nashef SA, Roques F, Michel P, Gauducheau E,
Lemeshow S, Salamon R. European system for cardiac
operative risk evaluation (EuroSCORE). Eur J
Cardiothorac Surg 1999;16:9-13.

15. Antman EM, Giugliano RP, Gibson CM, McCabe CH,
Coussement P, Kleiman NS, Vahanian A, Adgey AA,
Menown I, Rupprecht HJ, Van der Wieken R, Ducas J,
Scherer J, Anderson K, Van de Werf F, Braunwald E.
Abciximab facilitates the rate and extent of thrombolysis:
results of the thrombolysis in myocardial infarction
(TIMI) 14 trial. The TIMI 14 Investigators. Circulation
1999;99:2720-32.

16. Mark DB, Nelson CL, Califf RM, Harrell FE Jr, Lee KL,
Jones RH, Fortin DF, Stack RS, Glower DD, Smith LR.
Continuing evolution of therapy for coronary artery dis-
ease. Initial results from the era of coronary angioplasty.
Circulation 1994;89:15-25.

17. Yasuda H, Hiraishi T, Sumitsuji S, Nakagawa Y, Fukuhara
A, Tsuchikane E, Katoh O, Awata N, Kobayashi T.
Comparison of quantitative coronary angiographic results
after directional coronary atherectomy and balloon angio-
plasty of protected left main coronary stenosis. Cathet
Cardiovasc Diagn 1998;44:138-41.

18. Airoldi F, Di Mario C, Stankovic G, Briguori C, Carlino
M, Chieffo A, Liistro F, Montorfano M, Pagnotta P,
Spanos V, Tavano D, Colombo A. Clinical and angio-
graphic outcome of directional atherectomy followed by
stent implantation in de novo lesions located at the ostium
of the left anterior descending coronary artery. Heart
2003;89:1050-4.



Chang Gung Med J Vol. 31 No. 2
March-April 2008

Shu-Kai Hsueh, et al
Left main coronary artery intervention

199

19. Baptista J, di Mario C, Ozaki Y, Escaned J, Gil R, de
Feyter P, Roelandt JR, Serruys PW. Impact of plaque mor-
phology and composition on the mechanisms of lumen
enlargement using intracoronary ultrasound and quantita-
tive angiography after balloon angioplasty. Am J Cardiol
1996;7:15-21.

20. Di Mario C, Gil R, Camenzind E, Ozaki Y, von Birgelen
C, Umans V, de Jaegere P, de Feyter PJ, Roelandt JR,
Serruys PW. Quantitative assessment with intracoronary
ultrasound of the mechanisms of restenosis after percuta-
neous transluminal coronary angioplasty and directional
coronary atherectomy. Am J Cardiol 1995;75:772-7.

21. Mintz GS, Pichard AD, Kent KM, Satler LF, Popma JJ,
Leon MB. Axial plaque redistribution as a mechanism of
percutaneous transluminal coronary angioplasty. Am J
Cardiol 1996;77:427-30.

22. Okura H, Hayase M, Shimodozono S, Kobayashi T, Sano
K, Matsushita T, Kondo T, Kijima M, Nishikawa H,
Kurogane H, Aizawa T, Hosokawa H, Suzuki T,
Yamaguchi T, Bonneau HN, Yock PG, Fitzgerald PJ.
Mechanisms of acute lumen gain following cutting bal-
loon angioplasty in calcified and noncalcified lesions: an
intravascular ultrasound study; REDUCE Investigators.
Restenosis Reduction by Cutting Balloon Evaluation.
Catheter Cardiovasc Interv 2002;57:429-36.

23. Stankovic G, Colombo A, Bersin R, Popma J, Sharma S,
Cannon LA, Gordon P, Nukta D, Braden G, Collins M;
AMIGO Investigators. Comparison of directional coro-
nary atherectomy and stenting versus stenting alone for
the treatment of de novo and restenotic coronary artery
narrowing. Am J Cardiol 2004;93:953-8.

24. Sarembock IJ, LaVeau PJ, Sigal SL, Timms I, Sussman J,
Haudenschild C, Ezekowitz MD. Influence of inflation
pressure and balloon size on the development of intimal
hyperplasia after balloon angioplasty. A study in the ath-
erosclerotic rabbit. Circulation 1989;80:1029-40.

25. Tanigawa J, Sutaria N, Goktekin O, Di Mario C.
Treatment of unprotected left main coronary artery steno-
sis in the drug-eluting stent era. J Interv Cardiol
2005;18:455-65.

26. Valgimigli M, van Mieghem CA, Ong AT, Aoki J,
Granillo GA, McFadden EP, Kappetein AP, de Feyter PJ,
Smits PC, Regar E, Van der Giessen WJ, Sianos G, de
Jaegere P, Van Domburg RT, Serruys PW. Short- and
long-term clinical outcome after drug-eluting stent
implantation for the percutaneous treatment of left main
coronary artery disease: insights from the Rapamycin-

Eluting and Taxus Stent Evaluated At Rotterdam
Cardiology Hospital registries (RESEARCH and T-
SEARCH). Circulation 2005;111:1383-9.

27. Takagi T, Stankovic G, Finci L, Toutouzas K, Chieffo A,
Spanos V, Liistro F, Briguori C, Corvaja N, Albero R,
Sivieri G, Paloschi R, Di Mario C, Colombo A. Results
and long-term predictors of adverse clinical events after
elective percutaneous interventions on unprotected left
main coronary artery. Circulation 2002;106:698-702.

28. Dirschinger J, Kastrati A, Neumann FJ, Boekstegers P,
Elezi S, Mehilli J, Schuhlen H, Pache J, Alt E, Blasini R,
Steinbeck G, Schomig A. Influence of balloon pressure
during stent placement in native coronary arteries on early
and late angiographic and clinical outcome: A random-
ized evaluation of high-pressure inflation. Circulation
1999;100:918-23.

29. Yang P, Gyongyosi M, Hassan A, Heyer G, Klein W,
Luha O, Maurer E, Muhlberger V, Pachinger O, Sochor H,
Sykora J, Weber H, Weidinger F, Glogar D. Short- and
long-term outcomes of Wiktor stent implantation at low
versus high pressures. Austrian Wiktor Stent Study
Group. Am J Cardiol 1999;84:644-9.

30. Fujii K, Mintz GS, Kobayashi Y, Carlier SG, Takebayashi
H, Yasuda T, Moussa I, Dangas G, Mehran R, Lansky AJ,
Reyes A, Kreps E, Collins M, Colombo A, Stone GW,
Teirstein PS, Leon MB, Moses JW. Contribution of stent
underexpansion to recurrence after sirolimus-eluting stent
implantation for in-stent restenosis. Circulation
2004;109:1085-8.

31. Cutlip DE, Baim DS, Ho KK, Popma JJ, Lansky AJ,
Cohen DJ, Carrozza JP Jr, Chauhan MS, Rodriguez O,
Kuntz RE. Stent thrombosis in the modern era: a pooled
analysis of multicenter coronary stent clinical trials.
Circulation 2001;103:1967-71.

32. Wu C, Hannan EL, Walford G, Ambrose JA, Holmes DR
Jr, King SB 3rd, Clark LT, Katz S, Sharma S, Jones RH.
A risk score to predict in-hospital mortality for percuta-
neous coronary interventions. J Am Coll Cardiol
2006;47:654-60.

33. Weintraub WS, Kosinski AS, Brown CL 3rd, King SB
3rd. Can restenosis after coronary angioplasty be predict-
ed from clinical variables? J Am Coll Cardiol 1993;21:6-
14.

34. Bauters C, Hubert E, Prat A, Bougrimi K, Van Belle E,
McFadden EP, Amouyel P, Lablanche JM, Bertrand M.
Predictors of restenosis after coronary stent implantation.
J Am Coll Cardiol 1998;31:1291-8.



200

2000 12 2006 10 131 

116 (88.5%) 15 (11.5%) 
114 (98.3%) 14 (93.3%) 

(p = 0.876)

(7.8% 33.3% p = 0.003) (1.7% 
26.6% p < 0.001)

(8.0% 23.1% p = 0.299)
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