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Color Doppler Ultrasound Evaluation of Radial
Artery Occlusion in Transradial Catheterization

Jan-Yow Chen, Ping-Han Lo, Jui-Sung Hung, Jen-Jyh Lin, Han Lee,

Kuan-Cheng Chang, Hsiang-Tai Chou
Division of Cardiology, Department of Medicine, China Medical College Hospital, Taichung, Taiwan

Background: The transradial route is widely accepted as a safe and useful alternative to the tra-
ditional transfemoral approach in coronary angiography and intervention. How-
ever, it carries a relatively high risk of radial artery occlusion. Studies on radial ar-
tery occlusion after transradial catheterization using the color Doppler ultrasound
method are limited. The present study was undertaken to examine the incidence
and mechanism of radial artery occlusion after transradial procedures using the
technique.

Methods: Two-dimensional color Doppler ultrasound examinations of both radial arteries
were performed in 81 patients who underwent transradial coronary angiography
or coronary intervention. The examination was carried out in each patient immedi-
ately before and one month after the procedure.

Results: Post-procedural occlusion of the radial artery with absence of antegrade flow oc-
curred in 10 patients (12.3%) without clinical ischemia. Five of the 10 patients had
absent radial pulse and abnormal reverse Allen test. The other 5 patients with pal-
pable but reduced radial pulse had reversed radial Doppler flow via ulnar
collaterals. However, they also had abnormal reverse Allen test. Univariate analy-
sis showed borderline significance of radial artery inner diameter to sheath outer
diameter (RAID/SOD) ratio to be a predictor of radial artery occlusion (24% with
RAID/SOD ratio < 1.0 vs. 7.1% with the ratio being = 1.0, p = 0.06). Multivariate
analysis revealed RAID to be the only significant predictor of post-procedural ra-
dial artery occlusion.

Conclusions: Absolute and relative radial artery size (to sheath size) are important predictors of
post-procedural radial artery occlusion. Routine ultrasound examination is not in-
dicated in evaluation of radial artery occlusion after transradial catheterization,
but pre-procedural ultrasound evaluation is helpful. Radial pulse may be palpable
in the presence of radial artery occlusion due to reversed flow via ulnar collateral
supply. Abnormal reverse Allen test is sensitive and specific for radial artery oc-
clusion.
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Introduction duced by Campeau in 1989." Kiemeneij and associ-
ates in 1992 first reported percutaneous transluminal
Transradial coronary angiography was intro- coronary angioplasty (PTCA) using the transradial
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approach.”? With minimization of guiding and bal-
loon catheters in recent years, transradial catheteri-
zation has gained world-wide acceptance in Western
as well as Oriental countries.”” In-some stitutions,
the radial artery has become the route of choice for
performing diagnostic as well as interventional proce-
dures >10.11.12

Radial artery occlusion is the major complica-
tion of transradial catheterization. The reported oc-
clusion rates of the radial artery ranged from 1-24%
and varied with study methods."**!%1317 with its
ability to delineate the vascular lumen clearly and
detect the direction of blood flow, color Doppler ul-
trasound has become the examination of choice in
evaluating vascular disease. However, studies on ra-
dial artery occlusion after transradial catheterization
using the color Doppler ultrasound method are lim-
ited."®'® Accordingly, the present study was under-
taken to examine the incidence and mechanism of ra-
dial artery occlusion after transradial procedures us-
ing the color Doppler flow imaging technique.

Patients and Methods

Patients

From August 1998 to June 1999, 97 patients with
normal Allen test underwent transradial catheteri-
zation. Of the 97 patients, 16 patients who failed to re-
ceive follow up ultrasound examination were ex-
cluded from the study. The other 81 patients who had
ultrasonic examination both immediately before and
one month after transradial catheterization procedure
constituted the study group. They were 60 males and
21 females, aged between 20 and 87 years (mean 61 +
3.1). Of the 81 patients, 58 patients received diagnos-
tic procedures and the other 23 patients underwent
PTCA (including 10 stenting procedures). Hyperten-
sion was present in 47 (58%), diabetes mellitus in 10
(12%) and hyperlipidemia in 28 (35%) patients.
Thirty-six (44%) patients were smokers.

Physical Examination of Radial Artery
Palpation of both radial arteries, Allen test and
reverse Allen test were performed before and 1 month
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after transradial catheterization. The Allen test was
defined as normal when color of the hand returned
within 10 seconds after pressure release over the ulnar
artery. It was defined to be abnormal if the color re-
covery was delayed. Reverse Allen test was normal
when color of the hand returned within 10 seconds af-
ter release of compression over the radial artery. An
abnormal reversed Allen test was when the color re-
turn was delayed.

Color Doppler Ultrasound Examination

Ultrasound evaluation of both radial arteries was
performed using a 7.5 MHz probe (SONOS 2500 sys-
tem, Hewlett-Packard, US). Inner diameter of the ra-
dial artery and Doppler signals of blood flow were
measured approximately 1 cm proximal to the styloid
process. The inner lumen of the artery was investi-
gated carefully with the aid of color Doppler mapping
of blood flow (Fig. 1).

Vascular Access

A puncture site was chosen over the radial pulse,
about 1.0 cm proximal to the styloid process. After
sterilization, local anesthesia was achieved by injec-
tion of 2% lidocaine with a 25 gauge needle.
Transradial kits (Terumo Corp., Tokyo, Japan) were
used exclusively in this study. Puncture of the radial

Fig. 1. Color Doppler ultrasound of radial artery.
Radial artery inner diameter is measured as
the width of color flow (between two cross
marks) at site 1 cm proximal to the styloid
process.
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artery was performed with a 20 gauge sheathed nee-
dle. When good back-bleeding from the needle was
observed, the needle was removed and a 0.025"” guide
wire was introduced into the artery through the sheath.
After removal of the sheath, a 5 Fr or 6 Fr introducer
(16 cm in length) was advanced into the radial artery
over the guide wire. Ten milliliters of normal saline
containing 40 mg of lidocaine, 200 ug of nitroglycerin
and 2,500 U of heparin was injected via the side port
of the introducer.

Hemostasis

Immediately after the diagnostic procedure, the
introducer was removed in the laboratory and double
pressure bandages were applied over the puncture site
for hemostasis. In cases of interventional procedure,
in which a total of 10,000 U of heparin was given, the
introducer was removed one hour after the procedure.
The pressure bandage was removed one hour later in
cases of diagnostic procedure and 4 hours later in
interventional cases. If bleeding was still observed,
the radial artery was compressed again for another 2
to 3 hours.

Definition of Radial Artery Occlusion

Radial artery occlusion was defined as absence of
antegrade Doppler blood flow signal, and was divided
into two types: type I, with absence of palpable radial
pulse and type II, with palpable radial pulse due to ret-
rograde flow from the ulnar artery (Fig. 2).
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Statistics

Statistical analyses were performed using the
SAS system (WIN SAS Ver 6.12). Continuous data
were expressed as mean + SD and compared by Stu-
dent’s ¢ test. Categorical data were compared with
Chi-square test and Fisher’s exact test. The changes in
10 clinical variables (Table 1) before and after trans-
radial catheterization were analyzed by univariate and
multivariate analyses, respectively. The relative influ-

| SR @5 sears

Fig. 2. Doppler flow signals in post-procedural ra-
dial artery. A. Normal Doppler flow signals in
non-occlusive radial artery. B. Type I occlu-
sion: absence of antegrade Doppler flow sig-
nals. C. Type ITA: pulsed reverse Doppler
flow during systolic phase. D. Type IIB: Con-
tinuous flow signals of reverse Doppler flow.
See texts for discussions.

Table 1. Variables Analyzed in Univariate and Multivariate Analysis

Occlusion No occlusion Univariate Multivariate

(N=10) (N=71) p value p value
Age (yr) S6+11 61+£13 0.24 NS
Sex (male) 7 (70%) 53 (75%) 0.71 NS
BMI (Kg/MZ) 245+2.2 253+33 0.44 NS
Hypertension 4 (40%) 43 (61%) 0.31 NS
DM 1 (10%) 9 (13%) 1.0 NS
Smoking 4 (40%) 32 (45%) 1.0 NS
RAID (mm) 25+04 28104 0.01 0.015
RAID/SOD < 1 6 (60%) 19 (27%) 0.06 NS
PTCA 1 (10%) 22 (31%) 0.27 NS
Duration of sheath 57+75 70 £ 82 0.62 NS

indwelling (min)

BMI = body mass index; DM = diabetes mellitus; PTCA = percutaneous transluminal coronary angioplasty; RAID =
radial artery inner diameter; SOD = sheath outer diameter; NS = not significant.
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ence of clinical variables was tested by logical step-
wise analysis. A p value < 0.05 was considered statis-
tically significant.

Results

Raidal Artery Inner Diameter (RAID)

The mean RAID at baseline was 2.77 + 0.47 mm
on the right arm and 2.70 £+ 0.40 mm on the left arm.
The difference was not statistically significant (p =
0.12). The RAID in the male patients was larger than
in the females (2.87 + 0.47 mm vs 2.46 + 0.32 mm on
right, 2.81 £0.39 mm vs 2.40 £ 0.27 mm on left side, p
< 0.001). The RAID in the catheterizied arm de-
creased significantly from 2.79 + 0.44 mm to 2.28 +
1.02 mm after the transradial catheterization. (p <
0.001) (Fig. 3). Even excluding the 10 patients with
the radial artery lumen obliterated after the procedure
(marked by open triangles in Fig. 3), the difference in
the RAID before and after the procedure was still sig-

Radial Artery Inner Diameter
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Fig. 3. Scattergram of radial artery inner diameters
before and after transradial catheterization
(TRC) showing overall reduction in arterial
diameters after catheterization. Those pa-
tients with total occlusion of their radial ar-
teries (diameter of 0 mm) are indicated with
open triangle marks.
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nificant (2.83 + 0.44 mm vs 2.60 + 0.58 mm, p =
0.0001). In the contralateral (uncatheterized) arms,
the RAID did not change significantly between the
two examinations (2.68 = 0.43 mm vs. 2.69 + 1.02
mm, p = 0.71) (Fig. 4). There was only weak correla-
tion between the patient height and RAID (r=0.28 on
right side, r = 0.23, on left side).

Color Doppler flow

After transradial catheterization, 10 patients
(12.3%) developed radial artery occlusion with ab-
sence of antegrade radial flow and obliterated inner
lumen, as stated above. None of the patients had clini-
cal ischemic symptoms. Five of the 10 patients had
type I occlusion with absence of the radial pulse and
also absence of retrograde flow. The other 5 patients
had type II occlusion with reduced but palpable radial
pulses along with the presence of retrograde flow
from the ulnar artery. The retrograde flow patterns
were pulsed (type IIA) in 4 and continuous in the re-
maining 1 patient (type [IB) (Fig. 2).
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Fig. 4. Scattergram of non-catheterized radial ar-
tery inner diameters before and after con-
tralateral transradial catheterization (TRC).
There were no significant peri-procedural
changes in non-catheterized radial artery di-
ameters.
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In univariate analysis, only RAID and RAID/
SOD (sheath outer diameter) ratio were identified as
significant predictors of radial artery occlusion after
transradial catheterization. Radial artery occlusion
developed in 6 of 25 patients (24%) whose RAID/
SOD ratio was < 1.0. In contrast, occlusion occurred
in 4 of 56 patients (7.1%) with RAID/SOD ratio > 1.0
(p =0.06). However, RAID was the only independent
predictor for radial artery occlusion by multivariate
stepwise analysis (p = 0.015) (Table 1). In 7 patients
with RAID < 2.3 mm (43%) had radial artery occlu-
sion after the procedure.

There was a trend of less radial artery occlusion
after interventional procedures than after diagnostic
procedures. One (4.0%) of the 23 patients who under-
went interventional procedures had occluded radial
artery, while 9 (15.6%) of 58 patients with diagnostic
procedures had arterial occlusion (p = 0.27).

Discussion

Radial artery occlusion is an important complica-
tion of transradial catheterization. The mechanism of
occlusion has been suspected to be due to denuded
vascular lining, thrombus formation, subsequent pro-
liferated endothelium, arterial constriction, vessel re-
modeling and other factors yet to be determined. '®'®
The occlusion rates varied with different methods of
radial artery occlusion detection. Based on simple pal-
pation of the radial pulses, Wu et al. found in Chinese
patients a 12% incidence of reduced pulses, including
2.4% with absent pulses after diagnostic and
interventional procedures.® Kiemeneij et al. utilized
Doppler ultrasound method to detect radial artery oc-
clusion and found a 3% occlusion rate at one-month
follow-up after transradial catheterization.>'* Hall et
al. utilizing a similar Doppler method, observed radial
artery occlusion of 5% at 2-weeks follow-up.'® Re-
cently, Saito et al. used Doppler ultrasound with color
display, and identified a radial artery occlusion rate of
6.8% at 1 to 2 weeks follow-up.'® Also using color
Doppler ultrasound, Nagai et al. detected a early ra-
dial artery occlusion rate of 9% of 2 days and late oc-
clusion rate of 5% 95 days after transradial proce-
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dures.'® In the present study, we observed a 12.3% in-
cidence of radial artery occlusion with absence of
antegrade color Doppler flow and obliterated inner lu-
men | month after transradial catheterization.

The RAID in the catheterizied arm decreased sig-
nificantly in the present study. However, the reduc-
tion of diameter was predominantly demonstrated in
patients with small RAID. Occlusion also mainly de-
veloped in patients with low RAID. Those patients
with total occlusion of their radial arteries (RAID =0
mm) were accumulated within the region of lower
baseline RAID (Fig 3). Saito et al. have observed that
the radial artery occlusion rate increased from 4.0% to
13.0% when the RAID/SOD ratio was less than 1.0,
and stressed the important impact of the radial artery
inner diameter relative to the sheath size on radial ar-
tery occlusion after transradial catheterization.'® In
the present study, RAID and RAID/SOD ratio were
identified as significant predictors of radial artery oc-
clusion after transradial catheterization by univariate
analysis. However, RAID was found to be the only in-
dependent predictor for radial artery occlusion by
multivariate stepwise analysis. This finding was simi-
lar to that of Nagai et al.'® Therefore, absolute RAID
appears to be more important in predicting radial ar-
tery occlusion after transradial catheterization than
RAID/SOD ratio. In our study, a high occlusion rate
of 42.9% was observed in 3 of the 7 patients with
RAID < 2.3 mm. Patients with small radial artery
should probably be avoided for transradial catheteri-
zation if an alternative route is available.

A previous study by Spaulding et al. reported that
radial artery occlusion rate could be reduced from
24% to 4.3% when dosage of heparin was increased
from 2,000-3,000 to 5000 U." Our study also showed
a trend (p = 0.27) of less radial artery occlusion after
interventional procedures than after diagnostic proce-
dures. This may be attributed to a much higher dosage
of heparin (10,000 U) given before the interventional
procedures, compared to a small dosage (2,500 U) of
heparin administered during diagnostic procedures.
At present, we have increased the heparin dosage
from 2,500 to 4,000 U in diagnostic procedures.
Whether or not this increase in heparin dosage will re-
duce the radial artery occlusion rate remains to be de-
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termined.

As in previous studies, this study also dem-
onstrated that a palpable radial pulse does not guaran-
tee patency of the artery because falsely palpable
puise may be due to the presence of retrograde flow
from the ulnar artery via the palmar arch. In our study,
5 of the 10 patients with occluded radial arteries after
the transradial procedures had palpable although
weak pulses. By color Doppler ultrasound study, all 5
patients had retrograde blood flow signals in the distal
portion of their radial arteries. The retrograde flow
patterns were pulsed in 4 and continuous in the other
patient. In the latter patient, presence of smaller col-
lateral channels causing continuous pressure gradient
throughout the cardiac cycle probably attributed to the
continuous flow pattern.

Besides the finding that simple palpation of the
radial pulse is inadequate to assess the arterial patency
after transradial procedures, our study has shown that
addition of reversed Allen test is quite sensitive and
specific in predicting radial artery status. In the 71 pa-
tients in whom radial arteries were palpable and the
color Doppler ultrasound examination confirmed pat-
ent arteries, the radial arteries were palpable and re-
versed Allen tests were normal. On the other hand, all
of the 10 patients who were shown to have occluded
radial arteries by the ultrasound test had abnormal re-
versed Allen tests regardless of absence of the radial
pulses or presence of palpable radial arteries due to
retrograde flow (in 5 patients, as discussed above).

The color Doppler ultrasound method used in the
present study for detection of radial artery flow and
occlusion is considered to be superior to the simple
Doppler flow mapping because the color Doppler ul-
trasound provides clearer images and better mapping
guidance for detection of radial artery occlusion.
However, from our study observations, it appears that
in practice, palpation of the radial pulse coupled with
the reversed Allen test is sufficient for assessing the
patency of the radial artery. Absent radial pulse with
abnormal reversed Allen test indicates occlusion of
the radial artery. Palpable radial pulse along with ab-
normal reversed Allen test reflects occluded artery
with retrograde flow from the ulnar artery, while pal-
pable radial pulse and normal reverse Allen test en-
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sures patency of the artery.

The female patients failed to show a significantly
higher radial artery occlusion rate than the male group
(14% (3/21) vs 12% (7/60), female vs male, p=0.71),
despite their lower RAID. A similarly conflicting re-
sult has been described by Stella et al."* The sex factor
may play a role in radial artery occlusion. Further in-
vestigation and large series study are warranted to
clarify its influence on radial artery occlusion after
transradial catheterization.

In conclusion, radial artery size, either absolute
size measured as RAID or relative size expressed in
RAID/SOD ratio, is a predictor of radial artery occlu-
sion after transradial catheterization. Simple palpa-
tion of the radial pulse is not adequate for assessing
patency of the radial artery because there may be ret-
rograde flow supplied from the ulnar artery. Abnor-
mal reverse Allen test indicates radial artery occlu-
sion regardless of the presence or absence of palpable
radial pulses. Therefore, routine ultrasound examina-
tion is not indicated in evaluation of the radial artery
occlusion after transradial catheterization, but
pre-procedural ultrasond evaluation is helpful in iden-
tifying those patients who have small radial arteries
and thus are at high risk of post-procedural radial ar-
tery occlusion.
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