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Abstract

Background Transradial access for diagnostic and thera-
peutic coronary angiography gains more and more popu-
larity because of its advantages over the femoral approach,
enhancing patient comfort, reducing bleeding complica-
tions and duration of hospital stay. However, these benefits
are overshadowed by an increased rate of radial artery
(RA) occlusion. There are little data regarding the exact
incidence, potential predictors and outcome of post-
procedural RA occlusions. Furthermore, there is no clear
evidence for the optimal treatment of this complication.
Methods In a single-centre prospective observational
study, 488 consecutive patients were evaluated by ultra-
sound the day after transradial cardiac catheterization for
signs of RA occlusion. Symptomatic patients with sono-
graphically identified radial artery thrombosis underwent
treatment with low-molecular-weight heparin (LMWH) for
4 weeks. Asymptomatic patients did not receive anticoag-
ulation therapy. The primary endpoint was the patency rate
of the radial artery at 4 weeks of follow-up.

Results Radial artery thrombosis was found in 51 of 488
(10.5%) patients 1 day after transradial cardiac catheteri-
zation. 30 (58.8%) patients showed symptoms on access
site, whereas 21 (41.2%) did not show any symptoms.
After 4 weeks, 26 (86.7%) of the symptomatic patients
showed a partial or complete recanalization of the
radial artery after treatment with LMWH, compared with
4 (19.1%) of the asymptomatic patients without anticoagu-
lation (P < 0.001).
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Conclusion Radial artery thrombosis is a frequent com-
plication after transradial coronary angiography. Incidence
of RA occlusion is underestimated due to the often
asymptomatic clinical course. Treatment of symptomatic
RA occlusion with low-molecular-weight heparins signifi-
cantly increases patency rates after 4 weeks.
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Introduction

Transradial access (TRA) for diagnostic and interventional
coronary procedures has gained progressive acceptance
since its first introduction by Campeau [I] and its
improvement by Kiemeneij and Laarman several years
later [2, 3]. Indeed, transradial access has been shown to
have several advantages: reduced hemorrhagic complica-
tions [4], improved patient comfort with immediate
ambulation, shorter hospital stay, and reduced costs of
hospitalization [5, 6]. The only contraindication for the
transradial approach is an inadequate ulnar artery collateral
circulation to the hand, clinically recognized by an
abnormal Allen test [7].

The benefits of the transradial approach are overshad-
owed by an increased rate of RA occlusion in about 5-10%
of cases [8]. Due to the often asymptomatic course of RA
occlusion, there are little data about the true incidence of
this complication. There is also little known about pre-
dictors, clinical course and optimal treatment of radial
artery occlusion following transradial coronary catheteri-
zation. In the literature, a high incidence of RA occlusion
(25-38%) 1is reported following prolonged cannulation of
the radial artery for perioperative monitoring procedures
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[9]. RA occlusion is often clinically quiescent and rarely
results in clinically relevant ischaemia. The likelihood of
developing RA occlusion is probably related to the size of
the introducer sheath [10, 11] and, even more, to the ratio
of the arterial diameter and the sheath [12]. Repeated
cannulation also predisposes to occlusion [13]. Heparini-
zation has been found to be effective in reducing the
occurrence of radial artery occlusion [14]. Furthermore, the
length of compression and the compression pressure may
have an important impact on the patency of radial artery
after transradial access [9].

Radial access still accounts for less than 10% of diag-
nostic and therapeutic coronary procedures worldwide and
for 1% in the United States. There is no evidence-based
therapy for the treatment of RA occlusion. In the present
study, we examined whether treatment with LMWH for
4 weeks improves patency rate of the radial artery in patient
with symptomatic RA occlusion after coronary angiography.

Methods
Patient population

Between November 2007 and April 2009, 488 consecutive
patients underwent transradial cardiac catheterization fol-
lowed by Doppler sonography for the patency of radial artery
the day after cardiac catheterization. Coronary angiography
and interventions were exclusively performed by senior
interventionalists with more than 10 years experience
(>10,000 interventions) of PCI and more than 2 years
experience (>1,000 interventions) with the transradial
approach. Indication for coronary angiography was sus-
pected coronary artery disease due to typical clinical
symptoms and/or positive stress tests. Acute coronary syn-
dromes were not included in the present study. Ulnar and
radial artery circulation was assessed in all patients prior
angiography using the Allen’s test. A sufficient ulnar and
radial artery perfusion was an obligatory criterion for
transradial catheterization.

Transradial catheterization procedure

Under sterile conditions local anaesthesia was achieved by
an injection of 2% lidocain at the puncture site. A 20-gauge
needle was used to puncture the radial artery 3-7 cm
proximal to the crease of the wrist. Upon appearance of
pulsatile flow, a wire (0.025 inch., 45 cm) was advanced
into the radial artery lumen. A glide sheath was then
advanced over the wire into the radial artery using Seldinger
technique (Terumo Radiofocus® Introducer II, Terumo
Europe, Leuven, Belgium). For diagnostic coronary cathe-
terization and routine percutaneous coronary interventions
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(PCI), a 5-French sheath system was used. In case of
complex PCI a 6-French sheath was inserted. 200 pg of
nitroglycerin and unfractionated heparin was administered
intraarterially. To avoid vasospasm of the radial or brachial
arteries, unfractionated heparin was administered via a
pigtail catheter in the aorta. 5,000 IU heparin was admin-
istered in diagnostic procedures and 7,500 IE heparin was
administered in therapeutic procedures. Diagnostic angi-
ography was performed with 4-French standard diagnostic
coronary catheters (Outlock® Tripack, Terumo Europe,
Leuven, Belgium), coronary angioplasty with 5- or
6-French guiding catheters (Medtronic Europe, Diisseldorf,
Germany or Cordis Europe, Waterloo, Belgium).

Hemostasis procedures

All introducer sheaths were immediately removed follow-
ing the angiography. A radial compression device
(TR band®, Terumo Europe, Leuven, Belgium) was placed
tightly around the wrist. The band was inflated with 15 ml
air after removal of the sheath to obtain hemostasis.
Inflation pressure was reduced after 2, 3 and 4 h by
removing 5 ml of air of the inflation chamber of the TR
band®, respectively.

The band was left in place for at least 4 h. A light
dressing was applied to the site after removal of the com-
pression device.

Assessment of post procedural radial artery patency

Post procedural radial artery patency was assessed the day
after transradial cardiac catheterization using colour
Doppler sonography. Radial artery flow was assessed at the
access site at the wrist and the complete forearm up to the
brachial artery in the cross section and in longitudinal axis.
Absence of radial artery flow was defined as complete
occlusion. Partial flow was defined as a reduced flow
velocity in a partial occluded vascular lumen in the distal,
middle and/or proximal part of radial artery. Furthermore,
ulnar artery flow was assessed at the access site of the
wrist. In case of radial artery occlusion, a second ultra-
sound was performed 4 weeks after diagnosis of RA
occlusion using the same protocol. Experienced examiners
who had completed a standardized training programme and
had conducted more than 3,000 duplex ultrasound exam-
inations exclusively performed sonography. Patients were
evaluated for clinical symptoms for radial artery occlusions
using a standardized questionnaire.

Postprocedural therapy of radial artery occlusion

Patients with symptomatic radial artery occlusion were
treated with the LMWH enoxaparin or fondaparinux for
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4 weeks. In case of single platelet inhibition with aspirin
100 mg or clopidogrel 75 mg/day, a body-weight-adjusted
therapeutic dosing of LMWH was used: a dosage of 10 mg/
10 kg body weight enoxaparin s.c. twice a day. In case of
fondaparinux, for a body weight between 50 and 100 kg a
dosage of 7.5 mg s.c. once per day was administered. For a
body weight <50 kg, a dosage of 5 mg s.c. once daily and
for >100 kg, a dosage of 10 mg s.c. once daily were used.
In case of dual platelet inhibition with aspirin 100 mg and
clopidogrel 75 mg/day, a prophylactic dosage of enoxap-
arin or fondaparinux was used: a dosage of 40 mg enox-
aparin once s.c. per day. For fondaprinux, a dosage of
2.5 mg s.c. once daily for a body weight between 50 and
100 kg was administered. For a body weight of >100 kg, a
dosage of 5 mg fondaparinux s.c. once daily was given.
Patients with asymptomatic RA occlusions underwent no
treatment with LMWH.

Statistical analysis

The primary objective was to determine whether treatment
with low-molecular-weight heparin increases recanalization
rate of radial artery thrombosis. Secondary objectives were
to compare the incidence of radial artery thrombosis with
respect to the sheath and catheter size, single or dual platelet
aggregation with acetylsalicylic acid and/or clopidogrel,
and the compression time. The primary endpoint was
examined for the two study groups using Fisher’s exact test.

Analyses between groups were performed using the
Mann—Whitney U test. Categorial data were analysed using
%> and Fisher’s exact test, as appropriate.

All data are presented as the means £+ SD unless stated
otherwise. P values < 0.05 were considered statistically
significant. All statistical analyses were carried out using
the SPSS software package version 15.00 (SPSS Inc.,
Chicago, IL, USA).

Results
Incidence and predictors of radial artery occlusion

488 subsequent patients underwent transradial cardiac
catheterization in our department between November 2007
and April 2009. 51 patients (10.5%) developed a partial or
complete radial artery occlusion, as evaluated by duplex
sonography. 30 (58.8%) patients presented with symptoms
on the access site, whereas 21 (41.2%) did not show any
symptoms. The most frequently reported symptom was a
dull pressure pain at the access site/access forearm.

In 39 patients (76.5%), RA occlusion occurred after
diagnostic coronary angiography and in 12 patients
(23.5%) after interventional coronary procedures. In

patients undergoing diagnostic coronary catheterization,
RA thrombosis occurred in 83.3% (n = 25) of symptom-
atic and in 66.7% (n = 14) of asymptomatic patients,
respectively. The event rates in patients undergoing a PCI
were 16.7% (n = 5) of symptomatic and 33.3% (n = 7) of
asymptomatic patients. RA thrombosis was not related to
diameter of sheath: a 5-French (5F) sheath was used in
80.0% (n = 24) of symptomatic and in 76.2% (n = 16) of
asymptomatic patients. A 6-French (6F) sheath was used in
20.0% (n = 6) of patients with RA occlusion-related
symptoms and in 23.8% (n = 5) of patients without any
symptoms. 50.0% (n = 15) of symptomatic and 52.4%
(n = 11) of asymptomatic patients showed an at least
coronary one-, two-, or three-vessel disease.

23.3% (n = 7) of symptomatic and 4.7% (n = 1) of
asymptomatic patients were diagnosed with dilatative car-
diomyopathy (DCMP). 63.3% (n = 19) of symptomatic and
52.4% (n = 11) of asymptomatic patients had a good left
ventricular function. A moderate or severe reduction in left
ventricular function was present in 6.7% (n = 2) of symp-
tomatic and in 19.0% (n = 4) of asymptomatic patients.
Study population did not include patients with advanced
renal insufficiency (glomerular filtration rate < 30 ml/min)
or impaired liver function. The mean compression time with
the TR® band in symptomatic patients was 5.2 + 0.6 and
5.1 £ 1.0 h in asymptomatic patients (n.s.).

In 29 of 30 cases (96.6%) of symptomatic radial artery
occlusion a hematoma at the puncture site/distal and/or
middle third of forearm was present. In contrast, only 16 of
21 patients (76.2%) in the group of asymptomatic patients
showed a hematoma. In 73.3% (n = 22) of symptomatic
and 71.4% (n = 15) of asymptomatic patients hematoma
was limited to the distal third of forearm. In 23.3% (n = 7)
of symptomatic and 4.8% (n = 1) of asymptomatic
patients hematoma extended up to the middle third of the
forearm or the hand. Patient characteristics are summarized
in Table 1.

Baseline sonographic characteristics

43 (84.3%) patients had a complete radial artery occlusion
and 8 (15.7%) patients showed a partial occlusion with
residual flow in the radial artery. In 25 patients (49.0%),
RA occlusion was located in the distal third of forearm.
7 patients (13.7%) showed a RA occlusion in the distal and
middle third of forearm. 19 patients (37.3%) showed a RA
occlusion in the complete forearm. 36.7% (n = 11) of
symptomatic and 71.4% (n = 15) of asymptomatic patients
showed a RA occlusion of the distal third of forearm. In
20.0% (n = 6) of symptomatic and in 4.8% (n = 1) of
asymptomatic patients, RA occlusion was located in the
distal and middle third of forearm. 36.7% (n = 11) of
symptomatic and 14.3% (n = 3) of asymptomatic patients
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Table 1 Baseline
characteristics of patients with
RA thrombosis following
transradial artery coronary
artery catheterization

Data are expressed as mean with

standard deviation or n (%)

P values < 0.05 were
considered significant

PCI percutaneous coronary
intervention, CRP C-reactive
protein, PTT partial
thromboplastin time,

INR international normalized
ratio, BUN blood urea oxygen,
HDL high-density lipoprotein,
LDL low-density lipoprotein,
ALT alanin-aminotransferase,
GGT gamma-
glutamyltransferase

ns not significant
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Treatment No treatment P
with LMWH with LMWH
(n = 30) (n=21)
Age (year, mean + SD) 60.8 + 8.3 654 + 12.0 ns
Gender (n, %)
Female 12 (40.0%) 9 (42.9%) ns
Male 18 (60.0%) 12 (57.1%) ns
Access failure (n, %) 0 (0.0%) 1 (4.8%) ns
Single platelet aggregation inhibition 23 (76.6%) 8 (38.1%) 0.05
(ASA/clopidogrel) (n, %)
Dual platelet aggregation inhibition (n, %) 4 (13.3%) 10 (47.6%) ns
Current smoker (n, %) 1 (3.3%) 1 (4.8%) ns
PCI (n, %) 5 (16.7%) 7 (33.3%)
Sheath size (n, %)
5 French 24 (80.0%) 16 (76.2%) ns
6 French 6 (20.0%) 5 (23.8%) ns
Access side
Left radial artery (n, %) 0 (0.0%) 0 (0.0%) ns
Right radial artery (n, %) 30 (58.8%) 21 (41.2%) ns
Duration of compression (4, mean £ SD) 52+ 0.6 51+1.0 ns
Postprocedural hematoma (n, %) 9 (30.0%) 5 (23.8%) ns
History of myocardial infarction (n, %) 2 (6.7%) 2 (9.5%) ns
History of PAD (n, %) 1 (3.3%) 0 (0.0%) ns
History of abdominal aortic aneurym (n, %) 0 (0.0%) 0 (0.0%) ns
History of abdominal aortic aneurysm repair (n, %) 1 (3.3%) 0 (0.0%) ns
Dilated cardiomyopathy (DCMP) (n, %) 7 (23.3%) 1 (4.7%) ns
Left ventricular function
Good 19 (63.3%) 11 (52.4%) ns
Slightly reduced 6 (20.0%) 4 (19.0%) ns
Moderately reduced 3 (10.0%) 2 (9.5%) ns
Moderately to severely reduced 2 (6.7%) 2 (9.5%) ns
Severely reduced 0 (0.0%) 2 (9.5%) ns
Diabetes mellitus (n, %) 7 (23.3%) 6 (28.6%) ns
HbAlc (% + SD) 59+ 1.0 59 4+ 0.7 ns
CRP (mg/l, mean £ SD) 44 + 4.8 54+ 46 ns
PTT (s, mean + SD) 26.1 +£ 4.0 249+ 1.3
INR (mean + SD) 1.0 £ 0.1 0.99 + 0.05 ns
Creatinine (mg/dl, mean £ SD) 0.82 £ 0.2 0.81 £0.2 ns
BUN (mg/dl, mean £+ SD) 314 £ 82 325+ 74 ns
Fibrinogen (g/l, mean £ SD) 3.1 +£08 33+0.6
Homocysteine (umol/l, mean £ SD) 109 + 3.7 12.8 £ 4.1 ns
Cholesterol (mg/dl, mean + SD) 219.4 £+ 543 196.6 + 37.8 ns
HDL (mg/dl, mean £ SD) 55.6 & 15.6 50.3 + 13.9
LDL (mg/dl, mean £+ SD) 134.1 £ 44.3 119.9 £ 40.8
HbAlc (%, mean £ SD) 59+ 1.0 59+ 0.7 ns
ALT (U/l, mean + SD) 26.6 + 10.7 327+ 153 ns
GGT (U/], mean + SD) 43.8 + 37.8 38.7 £ 31.9 ns
Leukocytes (/nl) 72+ 1.9 8.1 £ 3.1 ns
Platelets (/nl) 255.8 £ 53.0 234.6 + 64.0 ns
Lipoprotein a (mg/dl) 119 £ 83 16.0 + 13.8 ns
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Table 2 .S(.)nographic . Treatment with No treatment with P
characte:rlstlcs of RA occlusion LMWH (1 = 30) NMH (1 = 21)
at baseline
Localization of RA occlusion (n, %)
Distal third of forearm 11 (36.7%) 15 (71.4%) ns
Distal and middle third of forearm 6 (20.0%) 1 (4.8%) ns
Complete forearm 11 (36.7%) 3 (14.3%) ns
RA occlusion (n, %)
Complete occlusion 27 (90.0%) 16 (76.2%) ns
Partial occlusion 3 (10.0%) 5 (23.8%) ns
Extent of hematoma (n, %)
Distal third of forearm 22 (73.3%) 15 (71.4%) ns
Distal and middle third of forearm 7 (23.3%) 1 (4.8%) ns
Complete forearm 0 (0.0%) 0 (0.0%) ns
Hand/fingers 1 (3.3%) 0 (0.0%) ns
Neurological symptoms 1 (3.3%) (radial nerve paresis) 0 (0.0%) ns
Table 3 Sonographic data of RA 4 weeks after baseline
Treatment with LMWH (n = 30) No treatment with NMH (n = 21) P
Recanalization (n, %) 26 (86.7%) 4 (19.1%) <0.0001
Partial recanalization 6 (20.0%) 4 (19.1%) ns
Complete recanalization 21 (70.0%) 0 (0.0%) <0.01
Persistent RA occlusion (n, %) 4 (13.3%) 17 (81.0%) <0.0001
Persistent hematoma (n, %) 0 (0.0%) 0 (0.0%) ns
Neurological symptoms (n, %) 1 (3.3%) (radial nerve paresis) 0 (0.0%) ns

showed RA occlusion of the complete forearm. Ulnar
artery flow was present in all cases and often even elevated
as a compensatory mechanism (average flow velocity
80.1 £ 14.4 cm/s). 27 (90.0%) symptomatic patients
showed a complete and 3 (10.0%) patients with RA
occlusion related symptoms a partial radial artery occlu-
sion. 16 (76.2%) asymptomatic patients had a complete RA
thrombosis and 5 (23.8%) without any symptoms showed a
partial thrombosis. Sonographic patient characteristics are
summarized in Table 2.

Recanalization rate with or without a therapy
with LMWH after 4 weeks

After 4 weeks of treatment with LMWH, 26 (86.7%)
symptomatic patients showed a complete or partial recan-
alization of the radial artery compared with only 4 (19.0%)
of untreated asymptomatic patents (P < 0.001). 20.0%
(n = 6) of symptomatic and 19.1% (n = 4) of asymp-
tomatic patients showed a partial recanalization of radial
artery (P = ns). 70.0% (n = 21) of symptomatic patients
showed a complete recanalization of radial artery after
treatment with LMWH for 4 weeks, whereas none of the

asymptomatic treatment group without anticoagulation
showed a complete recanalization (P < 0.01) (Table 3).
There were no considerable differences in outcome
between fondaparinux and enoxaparin concerning recana-
lization rate. However, our group of patients was small
insufficient for subgroup analysis.

Discussion

In the present study we evaluated the incidence of radial
artery occlusions following transradial coronary angiog-
raphy and/or angioplasty in a large study population. This
is of importance, since RA occlusions are often asymp-
tomatic and therefore underdiagnosed. Although the
clinical relevance of prompt diagnosis of RA occlusions
in initially asymptomatic patients remains unclear, it
seems possible that some patients might develop symp-
toms after hospital discharge, once they return to their
usual daily activities. It seems logical, that anticoagulant
therapy, if indicated, should be initiated early to increase
the chance of total or at least partial reopening of the
vessel.
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In our study, incidence of postprocedural symptoms at
access site was higher than reported previously by others
[15, 16]. In our patient cohort, more than half of the
patients reported of symptoms related to the thrombotic
occlusion, whereas in other studies radial artery thrombosis
is described as mostly clinically inapparent [4]. Incidence
of RA thrombosis following transradial diagnostic and
interventional coronary catheter procedures varies between
1 and 5% [2, 17]. In contrast, Slogoff et al. [9] reported an
incidence of over 25% of partial or complete RA occlusion
after RA cannulation in 1699 cardiovascular patients in a
perioperative or intensive care setting. This discrepancy
might be explained by the longer duration of arterial can-
nulation and by the often activated coagulation in periop-
erative and intensive care patients. Studies examining the
risks associated with cannulation reported that the likeli-
hood of a subsequent ischaemic event is exceedingly low
because of dual arterial forearm/hand supply, providing a
normal Allen test [9, 15, 18]. However, RA occlusion does
have implications for repeated catheterization procedures
in limiting future transradial coronary artery catheteriza-
tion. It also limits availability of arterial conduits for sur-
gical revascularization or hemodialysis fistulas. So, a
routine use of ultrasound could detect the incidence of
radial artery thrombosis following transradial coronary
artery catheterization.

Several variables influence the incidence of radial artery
occlusion. Adequate anticoagulation seems extremely
important. The incidence of radial artery occlusion was as
high as 30% in patients receiving 1,000 U of heparin
during diagnostic catheterization [14]. In our -centre,
5,000 IU heparin was administered in diagnostic proce-
dures and 7,500 IE heparin in therapeutic procedures.
Catheter size has also been shown to be a predictor of
radial artery occlusion. Studies have shown that the ratio
between the diameter of the radial artery and the radial
sheath has an impact on the rate of radial artery occlusion
[12]. The incidence of occlusion was 4% in patients with a
ratio of >1, compared to 13% in those with a ratio of <1
[12]. The incidence of radial artery thrombosis may be
lower using a potentially less traumatic equipment (e.g. use
of a micropuncture kit and a floppy straight 0.35 wire).

In our cohort catheter exchanges over a long exchange
wire were not routinely performed.

Furthermore, compression time and compression inten-
sity are predictors of RA occlusion because of higher rates
of local thrombus formation on the basis of blood flow
stasis. Therefore, a gentle compression technique with
adequate devices seems to be important for the prevention
of RA occlusion. The bleeding and radial artery occlusion
rate should be examined with a shorter full occlusion times
and a more rapid pressure release strategy. Another inter-
esting option would be the different haemostatic patches
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recently designed and generally used for femoral sheath
removal [19, 20]. The efficacy of these devices is based on
accelerated clot formation at the entry site by different
mechanisms and not on external arterial compression [21].

There has been little systematic investigation of the
therapeutic options in the setting of symptomatic ischaemia
after radial artery cannulation/transradial coronary cathe-
terization, in part because of the rather low frequency of
the event. Geschwind et al. [22] reported beneficial results
of thrombolytic therapy on ischaemic hand symptoms after
RA cannulation. Considering the risk associated with
aggressive therapy strategies such as thrombolysis, these
options should be limited to the few patients in whom RA
occlusion jeopardizes sufficient blood supply of the affec-
ted extremity. Up to now, there are no systematic reports
about the impact of LMWH on patency rates of radial
arteries after thrombotic occlusion after transradial coro-
nary catheterization.

In the present study, we therefore evaluated the impact
of anticoagulation with LMWH on patency rates of radial
arteries after postprocedural thrombosis. Treatment with
LMWH for 4 weeks was associated with a recanalization
rate of 86.7% in contrast to a persistent RA occlusion of
81.0% in asymptomatic patients without anticoagulation.
Clearly, we compared two different patient cohorts
(symptomatic versus asymptomatic patient) which were
assigned to different treatment strategies (4 week antico-
agulation versus no therapy). However, extension of arte-
rial occlusion or local haematoma did not differ between
the two study groups at baseline. We therefore believe that
short-term anticoagulation is effective, independently of
clinical symptoms, as reported within 24 h after catheter-
ization. To avoid bleeding complications in asymptomatic
patients, where relevance of early reopening of the vessel
remains speculative, we limited treatment to symptomatic
patients in this pilot study. Treatment with LMWH was
safe and did not result in any significant bleeding compli-
cations in our study population. One patient with a RA
thrombosis of the entire forearm developed signs of radial
nerve paresis few days after diagnostic coronary angiog-
raphy. MRI excluded significant haematoma on puncture
site. Paresis did not resolve entirely within 4 weeks of
follow-up. It remains unclear, whether local radial nerve
damage occurred during angiography or whether it was
related to ischaemia due to RA thrombosis.

Radial vascular access is still more challenging as
compared to the transfemoral access, resulting in a higher
proportion of procedural failures, specifically 7.2% versus
2.4% [4]. Failure to cannulate the radial artery occurs in
approximately 5% of patients [15]. Aberrancies of the
radial artery, such as tortuous configuration (3.8%), ste-
noses (1.7%), hypoplasias (7.7%), radioulnar loop (0.8%),
abnormal origin of radial artery and lusoria subclavian
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artery can also be a cause of access failure [15]. Much of
the discomfort and difficulty of the transradial procedure is
related to vasospasm induced by the introduction of the
sheath, wire or catheter into the radial artery [2, 23, 24].
It has been demonstrated in isolated radial artery ring
segment that nitroglycerine is an effective agent for the
prevention of arterial spasm [25].

Finally, it is often more challenging to intubate the
coronary ostia due to difficulty in rotating and manipulat-
ing the catheters via transradial access [4], resulting in
longer procedures and possibly higher radiation exposure.

In summary, our study demonstrates for the first time
that treatment of symptomatic RA occlusion after transra-
dial coronary angiography with LMWH significantly
increased RA patency compared without any anticoagula-
tive treatment 4 weeks after diagnosis. Future randomized
trials with longer follow-up periods seem to be warranted
to address the role of more vigorous sonographic assess-
ment of RA thrombosis and of a more aggressive treatment
regimen, potentially even in asymptomatic patients.

Study limitations

The present study is a small pilot study without a ran-
domized, double-blinded design. Subgroup analysis could
not be evaluated since the design of the study did not
provide a statistically sufficient number of test subjects.
Further studies are required to confirm our observations.
Moreover, learning curve of operators and compression
mode after transradial approach may play a role in the
incidence of RA occlusion in transradial coronary
angiography.
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