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Introduction and objectives. Radial artery spasm is
the most frequent complication of transradial cardiac ca-
theterization. It causes patient discomfort and reduces the
procedure’s success rate. The aims of this study were to
identify variables associated with this complication, such
as clinical parameters, angiographic characteristics of the
radial artery and factors related to the procedure, and to
analyze the clinical consequences of spasm, both gene-
rally and for radial artery patency, during follow-up.

Patients and method. The study included 637 patients
who were undergoing transradial cardiac catheterization.
Radial artery spasm was recorded using a scale that re-
flected the presence of pain and the technical difficulty of
the procedure.

Results. Radial artery spasm was reported in 127 pa-
tients (20.2%). Multivariate analysis showed that the va-
riables associated with radial artery spasm were radial
artery anatomical anomalies (odds ratio [OR]=5.1; 95%
confidence interval [95% CI], 2.1-11.4), use of > size-3
catheters (OR=3.0; 95% CI, 1.9-4.7), moderate-to-seve-
re pain during radial artery cannulation (OR=2.6; 95%
CI, 1.4-4.9), the use of phentolamine as a spasmolytic
(OR=1.8; 95% CI, 1.1-2.9), and postvasodilation radial
artery diameter (OR=0.98; 95% CI, 0.98-0.99). At follow-
up (20 [18] days), severe pain in the forearm was more
frequent in patients who presented with radial artery
spasm (12.4% vs 5.3%), but there was no significant dif-
ference in the radial artery occlusion rate (4.5% vs
2.2%).

Conclusion. Radial artery spasm during transradial
catheterization mainly depends on radial artery characte-
ristics and procedural variables. At follow-up, radial artery
spasm was associated with more frequent severe pain in
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the forearm, but the radial artery occlusion rate was not
increased. 
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Espasmo radial en el cateterismo cardíaco
transradial. Análisis de los factores asociados 
con su aparición y de sus consecuencias 
tras el procedimiento

Introducción y objetivos. El espasmo radial es la
complicación más frecuente en el cateterismo cardíaco
transradial y ocasiona un procedimiento más doloroso
para el paciente, con una menor tasa de éxito. El objetivo
es analizar los factores que se asocian con el espasmo
radial durante el cateterismo cardíaco (variables clínicas,
características angiográficas de la arteria radial y varia-
bles del procedimiento), así como sus consecuencias (clí-
nicas y de permeabilidad de la arteria radial) en el segui-
miento.

Pacientes y método. Se ha incluido a 637 pacientes
en los que se realizó un cateterismo cardíaco por vía ra-
dial. El espasmo radial se registró según una escala que
valora las molestias del paciente y las dificultades técni-
cas. 

Resultados. Se produjo espasmo radial en 127 pa-
cientes (20,2%). El análisis multivariable mostró que las
variables relacionadas con el espasmo radial fueron: una
anomalía anatómica radial (odds ratio [OR] = 5,1; interva-
lo de confianza [IC] del 95%, 2,1-11,4), el empleo > 3 ca-
téteres (OR = 3,0; IC del 95%, 1,9-4,7), el dolor modera-
do-intenso en la canulación radial (OR = 2,6; IC del 95%,
1,4-4,9), la utilización de fentolamina como vasodilatador
(OR = 1,8; IC del 95%, 1,1-2,9) y el diámetro radial tras el
empleo del vasodilatador (OR = 0,98; IC del 95%, 0,98-
0,99). Durante el seguimiento (20 ± 18 días), los pacien-
tes con espasmo radial presentaron un mayor porcentaje
de dolor moderado-intenso en el antebrazo (el 12,4 frente
al 5,3%), pero sin diferencias significativas en la tasa de
oclusión radial (el 4,5 frente al 2,2%).



Conclusión. La aparición del espasmo radial tiene un
componente multifactorial en el que predominan las ca-
racterísticas de la arteria y las variables del procedimien-
to. Durante el seguimiento, el espasmo no condicionó
una mayor tasa de oclusión radial, aunque sí de persis-
tencia de dolor importante en el antebrazo.

Palabras clave: Vasospasmo. Angiografía. Cateterismo
cardíaco.

INTRODUCTION

Fifteen years after being introduced,1 radial access
for cardiac catheterization is being adopted by a gro-
wing number of interventional cardiologists.2,3 In com-
parison with femoral access, the radial route is safer
and reduces patient discomfort,4 especially in certain
subgroups (older and/or obese patients, those undergo-
ing an intervention for a myocardial infarction, etc).5,6

The radial artery is a thick-walled vessel composed
mainly of smooth muscle cells arranged in concentric
layers. This marked muscular component of the artery,
together with the high density of alpha-1 receptors,
makes this vessel especially susceptible to spasms.7

The occurrence of radial artery spasm offsets the ad-
vantages of this route of access, increasing the degree
of patient discomfort and reducing the chances of a
successful catheterization. Even in centers where there
is extensive experience with the radial route, radial
spasm occurs in 15% to 30% of the procedures.8

Spasm of the radial artery employed as a coronary
artery bypass graft and the measures taken to prevent
it have been extensively studied.9,10 However, few re-
ports have focused on the analysis of factors involved
in radial artery spasm when this artery is used as the
route of access in cardiac catheterization.8,11

The purpose of this work was to study radial artery
spasm in transradial cardiac catheterization and,
specifically, to identify factors associated with its de-
velopment and analyze its consequences following the
procedure.

PATIENTS AND METHOD

Patients

Of 659 patients in whom transradial catheterization
was attempted between November 2003 and April
2004, 637 in whom a successful and atraumatic radial
artery cannulation was achieved were consecutively
enrolled in the study.

Procedure

The use of the radial approach has been extensively
described, and the radial artery is the route of choice
in our center. For this study, the operator chose the ra-

dial access and either the left or right side depending
on the pulse quality and the results of a modified
Allen’s test. The patients were systematically sedated
with 10 mg of oral diazepam one hour before the pro-
cedure. A topical anesthetic cream (lidocaine, As-
traZeneca®) was applied around the radial puncture
site in a group of randomly selected patients. Once in
the laboratory, all patients received local anesthesia
with 1 mL of mepivacaine, after which the radial
artery was cannulated using a 20-gauge needle
(Vigon®). An introducer (Maximun, St. Jude
Medical®) was employed to administer 5000 units of
heparin and a spasmolytic agent (2.5 mg of verapamil
or phentolamine) dissolved in 20 mL of saline solu-
tion.

The diameter of the introducer and the diameter and
curve of the catheter were chosen according to the crite-
ria of the operator. Initially, all the procedures were
planned as diagnostic studies. Once they had been com-
pleted, a decision was made as to whether or not to per-
form an ad hoc percutaneous coronary intervention.

Evaluation of the Radial Spasm

The operator assessed the radial spasm on the basis
of a questionnaire addressing the following five signs:
persistent forearm pain, pain response on catheter ma-
nipulation, pain response to introducer withdrawal,
difficult catheter manipulation after being “trapped”
by the radial artery with considerable resistance on
withdrawal of the introducer. Radial spasm was
considered to be indicated by the presence of at least 
2 of these 5 signs or by the presence of just 1 when the
operator considered it necessary to administer a
second dose of the spasmolytic agent. 

In addition to the presence of radial spasm, the fol-
lowing procedure-related variables were analyzed:

– Prior preparation with the topical anesthetic cream.
– Pain intensity during radial artery cannulation (ra-

dial artery puncture and insertion of the introducer) as
perceived by the patient. Pain was scored on a scale of
0 to 3 (0, absence of pain; 1, mild pain; 2, moderate
pain; and 3, severe pain). In each case, the patient was
asked to differentiate between the pain experienced
during radial artery cannulation and that felt while
catheterized (radial artery spasm).

– Cannulation of the right or left radial artery.
– Type of procedure (diagnostic or diagnostic fol-

lowed by an ad hoc intervention.
– Length of the procedure, defined as the time

elapsed between insertion of the introducer and its
withdrawal.

– Tortuosity of the subclavian artery. The subclavian
artery was considered to be tortuous when, in order to
get past the tortuous section, certain maneuvers were
required: sustained deep inspiration, head turned to-
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ward the contralateral side and substitution of the stan-
dard Teflon-coated guidewire by a Terumo guidewire.
A retroesophageal subclavian artery was considered to
be a tortuosity.

– Total number of catheters employed (3 or less, or
more than 3).

– Initial and maximum diameters of the catheters
employed, measured according to the French system.

Angiographic Evaluation of the Radial Artery
(Figure 1)

The diameter of the radial artery was determined by
angiography. For this purpose, the contrast agent was
injected via the introducer before and 2 minutes after
the administration of the vasodilator.

A 30 to 40-mm long segment of the artery was se-
lected for the determination of the mean diameter of
the vessel using a computer-assisted quantification
method (QUANTCOR, Siemens®). The distal portion
of the introducer was used as a reference. With the aid
of precise anatomical markers, the selected segment
was measured under baseline conditions and after va-
sodilator administration. In addition to the mean dia-
meters, we calculated the radial vasodilatory capacity
using the following equation: postvasodilation diame-
ter—baseline diameter/baseline diameter.

All measurements were performed by the same ope-
rator.

Radial angiography also enabled us to detect the
anatomic anomalies of this vessel. All these findings
were systematically collected.

Follow-up

All the patients enrolled in the study were asked to
return within 1 month of the procedure for assessment
of the radial access. During this examination, different
operators, unfamiliar with the events of the original
procedure, assessed the presence (at any time) of the
following:

– Pain. The patient was asked about the presence of
pain in the area of the puncture on the days after the
procedure. The level of pain was again assessed ac-
cording to the same 4-point scale (0, absence of pain;
1, mild pain; 2, moderate pain; and 3, severe pain).

– Hematoma. Hematomas measuring more than 3
cm, even if superficial, were recorded.

– Radial artery patency. The patency of the radial
artery was assessed using pulse oxymetry and plethys-
mography in thumb during a modified Allen’s test.
This method is employed in the analysis of the paten-
cy of the vascular structures of the palmar arch12 and
offers the advantages over ultrasound of its greater
availability and lower variability. Three degrees of ra-
dial patency were recorded: patent radial artery (nor-
mal pulse wave and saturation), partially occluded
(undetectable pulse wave on cubital compression but
saturation mantained) and occluded (undetectable
pulse wave and saturation). Patients with radial occlu-
sion were asked to return for further reassessment.
Those who were unable to return for follow-up were
interviewed by telephone with regard to pain intensity
during the postoperative period and the presence of
hematoma.

Statistical Study

The statistical analysis was performed with the
SPSS software package (version 10.0) for Windows.
We used a hybrid model (cross-sectional and descrip-
tive cohort) to analyze the variables associated with
the development of spasm during the procedure and
evaluate its impact during follow-up. Continuous va-
riables were expressed as the mean, plus or minus the
standard deviation, and categorical data as percent-
ages. After dividing the study population into 2 groups
according to whether or not they had experienced ra-
dial spasm, we used Student’s t test to compare the
values for each continuous variable, whereas the χ2

test was applied to the categorical variables. The varia-
bles for which univariate analysis revealed statistically

Figure 1. Angiographic study of the ra-
dial artery under baseline conditions
(A) and 2 minutes after the intraradial
administration of the vasodilator (B).



significant differences (age, sex, number of catheters
employed [3 or less vs more than 3], intensity of pain
during radial cannulation [mild or no pain vs moderate
or severe pain], duration of the procedure, vasodilation
cocktail [phentolamine vs verapamil], radial artery
anatomy and diameter of the radial artery following
vasodilation) were studied using step-wise logistic re-
gression analysis to determine the strength of associa-
tion (odds ratio [OR]) with radial spasm. The variable
“type of procedure” was not included in this model as
it was strongly associated with the variable “number
of catheters employed.” The goodness of fit of the lo-
gistic model was analyzed by means of the Hosmer-
Lemeshow test.

RESULTS

The population consisted of 637 patients, 127
(20.2%) of whom experienced radial spasm during the
procedure. The route of access was changed in 25 pa-
tients (3.9%), a measure that was due to radial spasm
in 13 cases (2% of the overall group).

The clinical characteristics of the patient population,
grouped according to whether or not they had deve-
loped radial spasm, are shown in Table 1. The patients
with vasospasm were significantly younger (61.0±14.0
years vs 63.5±11.3 years; P=.03) and included a
higher relative percentage of women.

Features Differentiating Patients 
Who Developed Radial Spasm 
From Those Who Did Not (Table 2)

In the majority of cases, the procedure was per-
formed by the right radial artery (88.5%) and was be-
gun with a 5 French catheter (66.4%). Neither the ac-
cess side (right or left radial artery) nor the initial or
maximum catheter diameter (4 to 6 French) was asso-
ciated with the development of radial spasm. Patients
who received phentolamine (48%) had a significantly
higher incidence of vasospasm than those who re-
ceived verapamil (23.2% vs 16.9%, respectively;
P=.04).

The intensity of the pain during radial artery ca-
nnulation, as perceived by the patient, was signifi-
cantly related to the occurrence of radial spasm.
Overall, the majority of the patients reported mild
pain during radial cannulation; however, the pain
during the procedure was perceived to be moderate
or severe by 23.8% of the patients in the vasospasm
group, versus 8.5% of those in the group without va-
sospasm (P<.001). On the other hand, the combina-
tion of the procedure with an ad hoc intervention (as
compared to merely diagnostic catheterization) and
the use of more than three catheters during the proce-
dure were also significantly related to radial spasm
(P<.001 in both cases).
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Angiographic Features of the Radial Artery
and the Development of Vasospasm

The mean baseline diameter of the radial artery in
our patient population was 2.20±0.55 mm (range, 0.65
to 4.30 mm) and increased to 2.46±0.54 mm (range,
0.65 to 4.43 mm) after administration of the vasodila-
tor. Patients with vasospasm during the catheterization
had significantly smaller mean radial artery diameters
both at baseline (2.03±0.48 mm vs 2.24±0.56 mm;
P<.001) and after vasodilator administration
(2.27±0.46 mm vs 2.51±0.54 mm; P<.001). There
were no significant differences in the vasodilatory ca-
pacity of the radial artery when the patients who de-
veloped vasospasm were compared with those who
did not (13.0±15.1 vs 13.4±16.0, respectively).

On the other hand, the presence of a radial artery
anatomical anomaly was also associated with the de-
velopment of radial spasm (P<.001). There were 37
cases of anomalous radial arteries, corresponding to
5.8% of the study population. Vasospasm presented in
19 of these patients (51.4%), versus a rate of 18.0%
among patients with normal radial artery anatomy. The

TABLE 1. Clinical Characteristics of the Enrolled

Population in Terms of the Development of Radial

Artery Spasm During Cardiac Catheterization*,†

Radial Artery Spasm No Spasm P

(n=127) (n=510)

Age, mean (SD), y 61±14 63±11 .03

Female sex, n (%) 39 (30.7) 116 (22.7) .06

Height, mean (SD), cm 165.7±9.1 165.9±9.0 NS

Weight, mean (SD), kg 77.8±13.3 76.4±12.7 NS

Body mass index, 28.3±4.1 27.8±4.5 NS

mean (SD)

Hypertension, n (%) 82 (64.6) 343 (67.5) NS

Smoking, n (%) 57 (44.9) 254 (50.1) NS

Dyslipidemia, n (%) 63 (49.6) 283 (55.8) NS

Diabetes mellitus, n (%) 34 (26.8) 163 (32.1) NS

Peripheral vascular disease, 12 (9.4) 72 (14.2) NS

n (%)

Nitrates, n (%) 73 (57.9) 318 (63.3) NS

Beta-blockers, n (%) 72 (57.1) 303 (60.2) NS

Calcium antagonists, n (%) 29 (23.0) 137 (27.2) NS

ACE inhibitors, n (%) 56 (44.4) 226 (44.9) NS

Reason for catheterization NS

Angina, n (%) 72 (56.3) 302 (59.2)

Non-ST ACS, n (%) 18 (14.3) 92 (18.0)

ST infarction, n (%) 21 (16.7) 45 (8.9)

Heart failure, n (%) 3 (2.4) 14 (2.8)

Follow-up angiography, 13 (10.3) 57 (11.1)

n (%)

*NS indicates not significant; ACE, angiotensin-converting enzyme; non-ST
ACS, acute coronary syndrome without ST segment elevation; ST infarction,
myocardial infarction with ST segment elevation.
†The percentage refers to the valid population for each variable.
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types of anomalies detected and the relative incidence
of each of them appear in Table 3. 

Independent Predictors of Radial Spasm
(Figure 2)

Logistic regression analysis showed that a radial
artery anatomical anomaly was the independent varia-
ble having the strongest association with spasm
(OR=5.1; 95% confidence interval [CI], 2.2-11.4;
P<.001).

The other variables independently associated with
radial spasm were the use of more than 3 catheters
during the procedure, moderate-to-severe pain du-

ring radial cannulation and the use of phentolamine
as the spasmolytic agent. Finally, the diameter of the
radial artery after vasodilation was independently
and inversely associated with the development of
spasm.

Patient Follow-up: Impact of Radial 
Spasm Occurring During Catheterization
(Figure 3)

In all, 94.8% of the study population (604 patients)
returned for a follow-up visit 20±18 days after the per-
formance of the procedure. In the majority of the cases
(88.9%), follow-up (case history, physical examination
and assessment of radial artery patency by plethys-
mography, and pulse oximetry) was carried out in a
clinical visit.

Most of the patients reported mild pain or no pain at
all in the forearm during the follow-up period (93.3%
of the 599 patients who responded). Pain was mode-
rate or severe in 40 patients (6.7%). The intensity of
the pain in the area of the puncture was related to the
occurrence of radial spasm during the procedure
(P=.003): 12.4% of the patients who experienced va-
sospasm complained of moderate or severe pain du-
ring follow-up, versus 5.3% of those in whom va-
sospasm did not occur.

Hematoma was present in 64 of the 600 patients
evaluated (10.7%). The hematoma was superficial in
all but one case, in which it was severe owing to the
perforation of the radial artery during the procedure;
eventually a satisfactory outcome was achieved with
conservative treatment. There were no significant dif-
ferences between patients with and without vasospasm
in terms of the presence of hematoma (10.7% vs
10.6%, respectively).

Finally, the degree of patency of the radial artery
was assessed in 529 patients (83.0% of the study po-
pulation). In 93.4% of the cases, the artery was fully
patent, in 21 cases (4.0%) it was considered to be par-
tially occluded and in 14 patients (2.6) it was occlu-
ded. There was no significant association between ra-
dial spasm and patency during follow-up, although
there was a higher percentage of radial artery occlu-

TABLE 2. Features of the Procedure According in

Patients Who Developed Radial Artery Spasm During

Catheterization and Those Who Did Not*,†

Radial Artery Spasm No Spasm P

(n=127) (n=510)

Access NS 

Right radial artery, n (%) 115 (90.6) 448 (88.0)

Left radial artery, n (%) 12 (9.4) 61 (12.0)

Topical anesthetic cream, 

n (%) 25 (19.7) 113 (22.3) NS

Pain during radial cannulation <.001

Absent, n (%) 8 (6.6) 55 (11.1)

Mild, n (%) 85 (69.7) 398 (80.4)

Moderate, n (%) 19 (15.6) 41 (8.3)

Severe, n (%) 10 (8.2) 1 (0.2)

Vasodilator .04

Verapamil, n (%) 56 (44.1) 275 (53.9)

Phentolamine, n (%) 71 (55.9) 235 (46.1)

Anatomical anomaly, n (%) 19 (15.0) 18 (3.5) <.001

Subclavian tortuosity, n (%) 12 (9.4) 30 (5.9) NS

Type of procedure <.001

Diagnostic, n (%) 55 (43.3) 326 (63.9)

Ad hoc PCI, n (%) 72 (56.7) 184 (36.1)

Initial catheter diameter, French NS

4, n (%) 18 (14.2) 85 (16.7)

5, n (%) 92 (72.4) 331 (64.9)

6, n (%) 17 (13.4) 94 (18.4)

Maximum catheter diameter, NS

Frenchv

4, n (%) 12 (9.4) 67 (13.1)

5, n (%) 63 (49.6) 269 (52.7)

6, n (%) 52 (40.9) 174 (34.1)

No. of catheters <.001

≤3, n (%) 56 (44.8) 325 (63.7)

>3, n (%) 69 (55.2) 185 (36.8)

Baseline MAP, mm Hg 98.3±15.1 97.5±15.7 NS

Postdilation MAP, 

mm Hg 86.9±13.5 85.9±14.7 NS

Length of procedure, 

min 58.6±32.4 46.1±30.6 <.001

*PCI indicates percutaneous coronary intervention; MAP, mean arterial pres-
sure; NS, not significant.
†The percentage refers to the valid population for each variable.

TABLE 3. Classification of the Radial Artery

Anatomical Anomalies in Our Patient Population*

No. of cases (%)

1. Ectopic radial origin 22 (59%)

2. Radioulnar loop 6 (16%)

3. Radial tortuosity 4 (11%)

4. Radial bifurcation 3 (8%)

6. Radial hypoplasia 1 (3%)

7. Overdeveloped recurrent artery 1 (3%)

*Relative percentages of the total number of radial anatomical anomalies.
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sion among the patients in whom vasospasm had
occurred (4.5% vs 2.2%). All the patients with occlu-
ded radial artery were asymptomatic with the excep-
tion of one, who complained of claudication of his
hand after prolonged efforts.

The patients with occluded radial artery were re-
assessed 116±47 days after the catheterization (with
the exception of one, who died during follow-up). The
artery remained occluded in only 2 cases (0.3% of
those evaluated), both involving patients who had ex-
perienced radial spasm.

DISCUSSION

The vasospastic potential of the radial artery is in-
termediate between that of the splanchnic arteries
(the hypogastric and gastroepiploic arteries, with
greater predisposition toward spasm) and that of the
somatic arteries (internal mammary artery). The
marked muscle mass in the radial artery wall, which
is greater than that of the other arteries, and its high
density in alpha-adrenergic receptors explain its pro-
clivity to spasm.9,10 Although the incidence of radial
spasm during catheterization depends on the expe-
rience of the operator,13 this complication occurs in
15% to 30% of the procedures performed even at the
most highly experienced centers.8 The development
of radial vasospasm offsets the advantages of this ac-
cess since the trapping of the catheter by the artery
generates pain and makes its manipulation difficult
or even impossible. Moreover, radial spasm can pro-
duce other serious complications, such as the perfo-
ration of the vessel, and even there have been reports
of its traumatic section when an attempt was made to
withdraw the introducer.14

Radial Spasm in Our Patient Population

In our study, the incidence of vasospasm was 20%.
The first problem to face in a study of this type is the
lack of a clear definition of radial spasm during trans-
radial catheterization. Only 1 objective method for
quantifying the degree of spasm has been described. It
consists of a mechanism that measures the force re-
quired to withdraw a 23-cm-long introducer from the
radial artery.15 This manner of determining the degree
of spasm is not applicable in our setting, where the
generalized trend is to employ shorter radial introdu-
cers. For this reason, we opted for creating our own

0 1 2
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Figure 3. Consequences of radial spasm during follow-up (20±18
days postprocedure). Only forearm pain on the days following the pro-
cedure was significantly more intense in the patients who had expe-
rienced vasospasm. There were no significant differences in the inci-
dence of hematoma or radial artery occlusion. 
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scale to evaluate its impact on patient discomfort and
technical difficulty for the surgeon.

Radial Artery Characteristics Predictive 
of Vasospasm

The variable that showed the strongest association
with radial spasm was the existence of an anatomical
anomaly, a circumstance that resulted in a 5-fold in-
crease in the likelihood of spasm. In our patient popu-
lation, the incidence of these anomalies was 5.8%, a
frequency that was similar to that reported by other
authors.16 The most common radial artery anomaly in
our study group was the ectopic origin of the artery,
generally in the axillary brachial plexus. This marked
predisposition of anomalous radial arteries to present
spasm (which occurred in somewhat more than half of
the cases of anatomical anomaly) may be due to the
greater manipulation required for its cannulation, al-
though the possibility that the anatomical anomaly re-
sults in an underlying spasmogenic functional ano-
maly can not be ruled out.

The size of the radial artery was also independently
associated with spasm. It has been reported that the
utilization of larger devices in radial arteries having a
small diameter provokes greater vascular injury.17 In
our patient population, the mean radial artery diameter
after vasodilation was 2.46 mm, similar to that repor-
ted for other series in which the intraluminal diameter
was measured using ultrasound.18 The diameter of 
the radial artery was significantly smaller in the pa-
tients who experienced vasospasm. This relationship
between a smaller radial size and a greater propensity
for spasm highlights the need to assess the size of the
artery, on the basis of the pulse quality, in the initial
examination, following the evaluation of the Allen
test. This would enable the operator to choose the
appropriate material in each case.

Procedural Variables Associated With Radial
Artery Spasm

The most complex procedures, particularly those re-
quiring the use of more than 3 catheters (difficult coro-
nary catheterization, percutaneous interventions), are
related to the development of spasm; this could serve
as an argument for those operators who consider that,
as a precaution against a complicated catheterization,
the femoral approach is preferable.

The intensity of the pain perceived by the patient at
the start of radial cannulation was associated with va-
sospasm; the incidence of spasm was greater among
those patients who reported more severe pain. The in-
crease in circulating catecholamines as a consequence
of the pain, or even a high degree of precatheterization
anxiety, might explain the greater incidence of va-
sospasm due to alpha-adrenergic stimulation.7 Thus,

the importance of the proper sedation of the patient
prior to the procedure and the need to create an atmos-
phere of tranquility during the catheterization should
be stressed.

Finally, the composition of the spasmolytic agent,
specifically the administration of phentolamine, was
also associated with the development of radial spasm.
Although this alpha-adrenergic blocker has been
shown to be effective in preventing radial artery spasm
when this vessel is employed as a coronary graft,19 in
our series it proved to be inferior to verapamil as a
spasmolytic agent.

Consequences of Radial Spasm in Patient
Follow-up

The occurrence of radial spasm during cardiac
catheterization resulted in more severe pain in the
puncture zone over the subsequent days. One of the
advantages of radial access is the absence of nerve
structures adjacent to the artery, a circumstance that
reduces the risk of neurogenic complications. How-
ever, the development of chronic regional pain syn-
drome following the transradial procedure has been re-
ported.20 In our series, all the cases of moderate and
severe pain were limited to the first or second week
after the intervention, and they usually involved a dis-
tribution similar to the brachioradial axis, with the
pain reaching the elbow or even the shoulder. Patients
with severe pain were treated empirically with topical
nonsteroidal anti-inflammatory agents.

Although radial occlusion is generally asympto-
matic, it is the most widely feared complication of the
transradial procedure. It has been related to the severi-
ty of the lesion suffered by the artery during the proce-
dure;17 thus, radial spasm may be associated with sub-
sequent occlusion. In our population, we found a rate
of radial occlusion during the first month after the pro-
cedure of 2.6%, similar to that reported for other stu-
dies.21 The incidence of radial occlusion among the pa-
tients who experienced spasm was higher than that of
the group without this problem, although we observed
no significant relationship between spasm and radial
artery occlusion. The latter is largely a reversible
process,18 perhaps because of the fact that the principal
cause is the negative remodeling of the vessel after the
stretching it undergoes during cannulation; intimal hy-
perplasia and radial thrombosis are secondary mecha-
nisms. In our series, radial occlusion persisted in only
2 patients (0.3% of the study population).

Limitations

The major limitation to this study was the evalua-
tion of radial spasms by means of an unvalidated,
self-administered questionnaire; however, our aim
was to identify the different events that can be pro-
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voked by radial spasm during catheterization. The
criteria according to which only those patients in
whom radial cannulation was done successfully and
atraumatically were included could result in the un-
derestimation of the number of cases in which the at-
tempt to perform the procedure failed, although it is
known that the majority of the failed attempts are due
to a hypoplastic or tortuous radial artery.16 Finally,
another limitation is the need to distinguish between
the pain owing to radial artery cannulation and that
produced during the procedure by vasospasm: when
asking the patients, the operators were careful to pose
questions that would make it easier to make the dis-
tinction between them.

CONCLUSIONS

Radial spasm occurs in one of every five patients
undergoing transradial cardiac catheterization,
although it makes it necessary to continue the proce-
dure through a different access route in only 2%.
Certain anatomical features of the radial artery and
variables related to the procedure determine the
development of vasospasm. An anomalous radial
artery is the major predisposing factor, while a small-
er diameter is also associated with radial spasm.
Other predisposing variables over which we can have
a greater control include the type of vasodilator
employed as a spasmolytic, the intensity of the pain
experienced by the patient during radial cannulation
and the complexity of the procedure. Aside from pa-
tient age, we have found no other clinical variable as-
sociated with radial artery spasm. The consequences
of spasm are reduced to more severe forearm pain 
on the days following the procedure and, in 2.6% of
the patients, radial artery occlusion within 1 month.
We observed no significant relationship between ra-
dial artery spasm and subsequent occlusion of the
vessel.
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