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ABSTRACT
Introduction. The radial route is the access of choice in most parts of the world to 
perform coronary diagnostic and therapeutic procedures thanks to its better safety 
pro�le compared to the femoral access, lower in-hospital costs, and greater comfort 
for the patient. 
Its use has not quite been imposed in certain regions of the world. Its main disad-
vantage is vasospasm. Sometimes, this phenomenon negatively conditions the use 
of this access and the femoral access ends up being the option here. This prospecti-
ve, randomized, and double-blind study included a primary endpoint where we in-
tended to assess the e�cacy and safety pro�le of sublingual lorazepam to reduce the 
rate of radial spasm in coronary diagnostic and therapeutic procedures compared to 
placebo. The secondary endpoint was given by the rate of complications seen be-
tween the two groups.
Results. Appearance of clinical spasm: 31.03% vs. 28.73% (OR=1.11 (0.58-2.13) p=0.74); 
technical spasm: 13.79% vs. 13.79%, (OR=1 (0.42-2.36) p=1); angiographic spasm: 
56.32% vs. 47.12%, (OR=1.44 (0.79-2.62) p: 0.22) for groups A and B, respectively. Con-
version to the femoral access: group A: 3.44% vs. group B: 6.89% (OR=0.48 (0.11-1.99) 
p=30). No di�erences were seen in the rate of complications between the two groups.
Conclusion. The administration of sublingual lorazepam prior to admission to the 
cath lab does not reduce radial spasm compared to placebo when this access is used 
to perform coronary diagnostic and/or therapeutic procedures. No signi�cant di�e-
rences were seen either in the rate of complications between the two groups.
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RESUMEN
Introducción. El acceso radial es la vía de elección en la mayor parte del mundo para la 
realización de procedimientos diagnósticos y terapéuticos coronarios debido a un mejor 
per�l de seguridad comparado con el femoral, disminución de los costos intrahospitala-
rios y mayor comodidad para el paciente. Su uso no ha terminado de imponerse en cier-
tas regiones del mundo. Su principal desventaja es el vasoespasmo. En ocasiones, este fe-
nómeno condiciona el abandono dicha vía, utilizando el acceso femoral como alternativa.
Material y métodos. En este estudio prospectivo, aleatorizado y doble ciego nos pro-
pusimos, como punto �nal primario, evaluar la e�cacia y seguridad del lorazepam su-
blingual para disminuir la tasa de espasmo radial en procedimientos coronarios diag-
nósticos y terapéuticos comparado contra placebo. El punto �nal secundario estuvo 
dado por la tasa de complicaciones entre los dos grupos.
Resultados. Aparición de: espasmo clínico en 31,03% vs. 28,73% (odds ratio 
[OR]=1,11 [0,58-2,13]; p=0,74), espasmo técnico en 13,79% vs. 13,79% (OR=1 [0,42-
2,36]; p=1) y espasmo angiográ�co en 56,32% vs. 47,12%, (OR=1,44 [0,79-2,62]; 
p=0,22) para los grupos A y B, respectivamente. Conversión a la vía femoral: grupo A 
3.44% vs. grupo B 6,89% (OR=0,48 [0,11-1,99]; p=30). No hubo diferencias en las ta-
sas de complicaciones entre los dos grupos.
Conclusión: La administración de lorazepam sublingual previo al ingreso a la Sala de He-
modinamia no reduce el espasmo radial comparado con placebo cuando este acceso se 
emplea para la realización de procedimieantos diagnósticos y/o terapéuticos coronarios. 
Tampoco hubo diferencias signi�cativas en las complicaciones entre los grupos.
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INTRODUCTION

The use of the radial artery as the access route to perform 
diagnostic cardiac catheterization was initially described 
by Campeau back in 1989. Afterwards, in 1993, Kieme-
neij and Laarman performed the first angioplasty with 
stenting using this access route (1,2). Since then, its use 
has gone up steadily for the performance of diagnostic or 
therapeutic coronary procedures (3). Its main advantage 
is a lower rate of vascular complications compared to fe-
moral access (3-5). Also, it has proven to be more comfor-
table for the patient, improve walking, and shorten the 
hospital stay (3,6).

Despite all these advantages its use has not become popula-
rized in certain parts of the world (3). Its main disadvanta-
ge is the development of radial artery vasospasm as repor-
ted in up to 30% of the cases (7). �ere are times that this 
phenomenon makes it impossible to maneuver the cathe-
ters properly. �is may lead to abandoning such access rou-
te using the femoral access as the option. �ese maneuvers 
generate discomfort in the patient, extend the duration of 
the procedure, and are associated with a higher the rate of 
vascular complications (8,9). Di�erent types of drugs like 
IV calcium blockers, diazepam, midazolam, and fentanyl 
were studied to reduce the incidence rate of this phenome-
non (6,10-12). Although benzodiazepines and opioids are 
o�en used intravenously, they should be administered with 
caution due to their potential adverse events (13).
�e objective of this study was to assess whether the rou-
tine use of sublingual lorazepam prior to cardiac cathete-
rization via radial access reduces the incidence rate of ar-
terial spasm.

Hypothesis
The administration of 2 mg of sublingual lorazepam 60 
min before starting the coronary angiography/angioplas-
ty coronaria reduces the incidence rate of radial spasm.
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Endpoints

Primary endpoints
To assess the incidence rate of radial artery spasm used as 
vascular access to perform diagnostic and therapeutic coro-
nary procedures a�er the administration of sublingual lo-
razepam/placebo for 60 min prior to the arrival of the pa-
tient to the cath lab. �is incidence rate will be determined 
as follows:
Radial artery spasm is de�ned by, at least, one of the fo-
llowing criteria:
• Clinical. Moderate-intense pain at forearm level while 

advancing or removing material through the radial ar-
tery. A scale from 1 to 10 will be used to assess pain. Sco-
res from 5 to 7 will be indicative of moderate pain. Sco-
res > 8 will be indicative of severe pain. Such scale will 
be established by a nurse from the recovery room who 
did not participate in the procedure.

• Technical. Di�culty/impossibility advancing or remo-
ving the catheter through the introducer sheath as per-
ceived by the interventional cardiology.

• Angiographic. Radial artery angiography performed 
through collateral artery using an introducer sheath 
before and after the procedure. Spasm is defined as a 
> 50% reduction of the radial artery baseline diame-
ter. The angiography should be performed with the 
table placed at 90 cm of height. Distance from the 
x-ray image intensifier tube should be 100 cm.

Secondary endpoints
To assess the appearance of procedural complications de�-
ned as:
• Myocardial infarction: de�ned according to the third 

universal de�nition of myocardial infarction (14).
• Stent thrombosis:

o De�nitive: symptoms suggestive of acute coronary 
syndrome and angiographic or anatomopathologi-
cal con�rmation of in-stent thrombosis.

o Probable: unexplained death within 30 days or myo-
cardial infarction associated with the revascularized 
coronary artery.

o Possible: unexplained death a�er 30 days.
• Vascular complications:

o Dissection: double-lumen image compromising the 
arterial wall.

o Vascular rupture: contrast extravasation in site adja-
cent to the blood vessel.

• Coronary spasm: transient reduction >50% of the arte-
rial lumen.

• Stroke: neurological de�cit con�rmed on the nuclear 
magnetic resonance imaging or brain CT scan showing 
signs of cerebral ischemia.

• Arrhythmia: changes in the baseline heart rhythm as 
seen on the monitoring performed at the cath lab.

MATERIAL AND METHODS

During the period from July 2018 through March 2020, a 
total of 174 patients were included. 
�is was a double-blind, prospective, randomized clinical 
trial. Data were analyzed based on an “intention-to-treat¨ 
model. Patients were divided into 2 groups: group A recei-
ved sublingual lorazepan 2 mg (87 patients), and group B re-
ceived sublingual placebo (87 patients) 1 hour before being 
admitted to the cath lab to perform a scheduled cine coro-
nary arteriography and/or coronary angioplasty via radial 
vascular access. 
�e study was conducted at the Hospital de Alta Complejidad 
en Red “Néstor Kirchner” (HEC) in Florencio Varela, Argen-
tina. �e protocol was approved by the center ethics commi-

ESLORA
Estudio prospectivo, randomizado, doble ciego (Lorazepam vs placebo)

Criterios de inclusión: mayores de 18 años, ambulatorios, que concurrieron para realizarse cinecoronariografía/angioplastia coronaria programada 
terios de exclusión: pacientes internados,mujeres en edad fértil en quienes no se pudo descartar embarazo, insuficiencia renal, pacientes que se encontraban en tratamiento

con benzodiazepinas.

N=187

GRUPO A (N=87)
Lorazepam 2 mg sublingual, 60 min previo 
al ingreso a la Sala de Hemodinamia

GRUPO B (N=87)
Placebo sublingual, 60 min previo al 
ingreso a la Sala de Hemodinamia

Excluidos por criterio 
clínico (4) 

Excluidos por crit
clínico (5) 

83 82

Espasmo clínico: dolor de intensidad mayor a 5/10 en escala analógica percibido por el paciente.
Espasmo técnico: difcultad/imposibilidad para maniobrar los catéteres.
Espasmo angiográfico: reducción de la luz de la arteria radial mayor del 50% respecto del basal.

Punto final primario: evaluar la frecuencia de aparición de espasmo de la arteria radial utilizada como 
acceso vascular para intervenciones coronarias diagnósticas y terapéuticas luego de la administración de 
lorazepam / placebo por vía sublingual, 60 minutos antes del ingreso del paciente a la Sala de Hemodinamia.

Puntos finales secundarios: infarto de miocardio, accidente cerebrovascular, complicaciones vasculares, arritmia, 
muerte. 

Figura 1. Diagrama de �ujo del estudio.
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ttee. All patients signed an informed consent form speci�ca-
lly designed for the purposes of the study.

Inclusion criteria:
All outpatients over 18 were treated with a percutaneous co-
ronary intervention (whether diagnostic or therapeutic) at 
the cath lab of Hospital El Cruce were included in the study. 
Patients excluded from the study: patients hospitalized, fer-
tile women in whom pregnancy could not be ruled out, pa-
tients with a negative modi�ed Allen’s test, previous myo-
cardial revascularization surgery with le� internal mam-
mary artery bridge, kidney disease with a glomerular �ltra-
tion rate < 30 mL/min (http://www.renal.org.ar/utilita-
rios_�ltrado3.php), CHILD C and D severe liver disease, 
patients on benzodiazepines and/or who may have received 
benzodiazepines within the last 48 hours.

Procedure
Patients were randomly divided through an electronic ran-
domization system. One hour a�er receiving the active 
drug/placebo, the patients were transferred to the cath lab.
In all the cases, the patient’s right arm was extended and 
laid on the armrest with his hand in the supine position, 
with hyperextension of his wrist and hand over the pad. 
�e hand was �xed to the armrest using an adhesive clo-
th and the patient was administered antisepsis with po-
vidone-iodine. �e surgical �eld was covered with sterile 
sheet. Radial pulse was checked on such artery 2 �ngerbrea-
ths above the fold of the wrist. A total of 2 to 5 cc of lido-
caine at 2% were administered using a 25-G 5/8 in needle. 
A�er �nding the site with the greatest amplitude of radial 
pulse, a 20-G needle was used or a 20-G Abbocath cathe-
ter in a 45º angle was inserted using Seldinger technique. 
A�er obtaining pulsatile �ow, a 0.018 in guidewire (ad-hoc 
wire) was advanced smoothly. A�er removing the Abboca-
th catheter needle or Te�on and performing a small inci-
sion with a scalpel blade no. 11, the introducer sheath was 

advanced while keeping a steady point over the guidewire 
and holding the proximal edge. Once in position, the dila-
tor and the guidewire were removed. A 6-Fr dedicated arte-
rial introducer sheath for radial access without hydrophi-
lic covering (Radiofocus, Terumo Tokyo, Japan) was used 
in all the cases. Saline solution was used as a purging liquid 
and heparin was administered in doses of up to 5000 IU 
for diagnostic procedures and 100 IU/kg for therapeutic 
procedures via lateral access site. A�er connecting the la-
teral access site to the manifold and measuring the arterial 
blood pressure at the start of the procedure, 100 µg to 200 
µg of nitroglycerin were administered via lateral access site 
to all patients with systolic arterial pressures > 100 mmHg. 
A�erwards, a baseline radial arteriography was performed 
through the collateral of the introducer sheath in the an-
teroposterior projection while keeping the angiographic ta-
ble 90 cm away from the �oor and a distance between the 
intensi�er and the x-ray tube of 100 cm. (18) �en, prefor-
med catheters were advanced towards the aortic root while 
mounted over a 0.035 in J-shaped tip guidewire with �oppy 
distal end. 6-Fr JL 3.5 and JR 4 catheters (Impulse, Bos-
ton Scienti�c, Baja California, Mexico) were used to per-
form the diagnostic angiography of the le� and right coro-
nary arteries, respectively, and/or 6-Fr EBU 3.5 and JR 4 
guide catheters (Convey, Boston Scienti�c, Leek, �e Ne-
therlands) to perform the therapeutic procedures. Measures 
and/or alternative curves were used in patients with smaller 
or larger aortic root diameters and anatomical variants that 
would not allow correct cannulations with these catheters. 
Once the procedure had been completed, the catheter was 
removed under the protection of the 0.035 in J-shaped tip 
guidewire with �oppy distal end. Before removing the in-
troducer sheath, the angiography of the radial artery was re-
peated using the same technique described above. �e time 
it took to perform the procedure since the obtention of the 
�rst angiography of the radial artery until the angiography 
performed a�er completion was recorded.
A�er removing the introducer sheath, the radial artery was 
wrapped up in a compression bandage. Forty minutes later 
and in the absence of bleeding or swelling at the puncture 
site, the bandage was removed and replaced for a non-com-
pressive bandage that was carried for 12 hours.

STATISTICAL ANALYSIS

Based on the rate of radial spasm reported in the medical li-
terature (20%) and estimating a 6% reduction, an N of 87 
patients is estimated in each branch. �e estimates of the 
sample were established with an alpha error of 0.05 and a 
beta error of 0.2.

Graphic 1. Final primary endpoint and need for femoral access conversion.

TABLE 1. Demographiccharacteristics of thepopulation.

Variable Group A (n: 87) Group B (n: 87) p
Age (years) 55,16±6,87 55,36±7,18 0,70
Body surface 1,90±0,26 1,92±0,18 0,55
Males 75 (86,20%) 75 (86,20%) 0,95
Smoking 29 (29,80%) 24 (27,58%) 0,73
Arterial hypertension 57 (65,51%) 60 (68,96%) 0,63
Dyslipidemia 23 (26,43%) 35 (40,22%) 0,04
Diabetes 27 (31,03%) 34 (39,08%) 0,26
Evolving  acute myocardial 
   infarction

14 (12,64%) 15 (17,24%) 0,39

Hypertrophic cardiomyopathy 0 (0%) 1 (1,14%) 0,31
NSTEACS 9 (10,34%) 6 (6,89%) 0,41
Dilated cardiomyopathy 12 (13,79%) 12 (13,79%) 0,95
Valvular heart disease 10 (11,49%) 13 (14,94%) 0,50
Silent ischemia 0 (0%) 2 (2,29%) 0,14
Stable chronic angina 39 (44,82%) 38 (43,67%) 0,85
Post cardiac transplant 1 (1,14%) 0 (0%) 0,31
Calcium channel blockers 3 (3,44%) 3 (3,44%) 0,95
Beta-blockers 69 (79,31%) 65 (74,71%) 0,47
Ace I 53 (60,91%) 57 (65,51%) 0,53
Ara II 7 (8,04%) 8 (9,19%) 0,77
Isosorbide mononitrate 5 (5,74%) 5 (5,74%) 0,95
Acetylsalicylic acid 70 (80,45%) 71 (81,60%) 0,82
Clopidogrel 22 (25,28%) 20 (22,98%) 0,72
Statins 67 (77,01%) 62 (71,26%) 0,38
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�e block randomization model was used (website  http://
www.randomizer.org/).
�e data obtained were expressed as mean, median, 95% 
con�dence interval, standard deviation or range, where 
applicable. �e incidence rate of radial artery spasm was es-
timated in patients treated with a scheduled cine coronary 
arteriography/angioplasty.
�e statistical analysis of the results obtained was conducted 
using the statistical so�ware SPSS, version 20. Categorical 
variables were compared using the chi-square test or Fisher’s 
exact test depending on the case. Quantitative variables 
were compared using the Student t test or the Mann-Whit-
ney test depending on whether variable distribution was 
normal or non-parametric, respectively. P values < .05 were 
considered statistically signi�cant.

RESULTS 

Table 1 shows the patients’ clinical characteristics. In group 
A, the rate of patients with dyslipidemia was higher compa-
red to group B (26.43% vs 40.22%, P = .04). No statistica-
lly signi�cant di�erences were seen in the remaining varia-
bles studied.
No signi�cant di�erences were seen in the variables asso-
ciated with the procedure: duration (20.65 ± 12.71 min 
vs 21.69 ± 19.28 min, P = .67), radiation dose (841.46 ± 
609.18 mGy vs 879.43 ± 715,84 mGy, P = .70), and volume 
of contrast used (95.36 ± 36.01 mL vs 95 ± 34.48 mL, P = 
.94) for groups A and B, respectively.
Regarding the primary endpoint (Graphic 1), the appea-
rance of clinical spasm was reported in 31.03% vs 28,73% 
[OR, 1.11 (0.58-2.13) P = .74], technical spasm in 13.79% vs 
13.79%, [OR, 1 (0.42-2.36) P = .1], and angiographic spasm 
in 56.32% vs 47.12%, [OR, 1.44 (0.79-2.62) P = .22] for 
groups A and B, respectively.
Although the need for conversion to femoral access was 
numerically lower in group A (3.44% vs 6.89%), this di-
fference was not statistically significant [OR, 0.48 (0.11-
1.99) P = .30].
In group B, 1 patient showed hyperacute stent thrombosis 
(1.14%) and another patient su�ered from an arterial rup-
ture (1.14%) that resolved using a compressive bandage wi-
thout consequences. In group A, 1 patient showed radial ar-
tery dissection (1.14%) without compromise of antegrade 
�ow. A total of 3 patients (3.44%) from group A and 1 pa-
tient (1.14%) from group B had catheter-induced coronary 
spasm. None of the patients developed strokes, arrhythmias 
or death. No statistically signi�cant di�erences were repor-
ted in the rate of complications between both groups.
A�er being included in the study, the radial procedure could 
not be performed in 4 patients from group A and 5 patients 
from group B.

DISCUSSION

In this study we assessed the e�cacy and safety pro�le of su-
blingual lorazepam prior to admission to the cath lab to re-
duce radial artery spasm when such artery is used as the ac-
cess route to perform diagnostic and therapeutic coronary 
procedures.
Di�erent factors were identi�ed as predisposing factors for 
radial artery spasm: use of phentolamine during the proce-
dure, smaller baseline arterial diameter, radial artery ana-

tomical abnormalities, feminine sex, body surface < 1.938, 
age > 66 years, and introducer sheaths < 10 cm in length (7) 
(15). Since sympathomimetic drugs can induce vasospasm 
(16) and given the predominance of alpha-1 adrenoceptors 
in the radial artery vascular endothelium (17), it is possible 
that states of great adrenergic discharge like the stress su�e-
red by the patients before entering the cath lab also favor the 
occurrence of vasospasm. On the other hand, the state of 
anxiety, de�ned as a feeling of apprehension associated with 
the activation of the autonomous nervous system in respon-
se to a situation seen as a threat, is a phenomenon documen-
ted prior to entering the cath lab through di�erent scales de-
signed for this purpose. �is state a�ects the patient during 
the entire procedure and is associated with long-term car-
diovascular adverse events (18).
Lorazepam belongs to the family of benzodiazepines and 
has the capacity to stimulate the binding of gamma-amino-
butyric  acid (GAMA), the primary inhibitory neurotrans-
mitter, to the GABAA subunit of GABA receptors. It has 
anxiolytic, sedative-hypnotic, and amnesic e�ects and is still 
used as a preanesthetic medication. It is used via sublingual 
administration, reaches its plasma peak a�er 60 min, and its 
mean half-life is 12 h (19,20).
Our study analysis showed that although the rate of 
appearance of angiographic spasm was high (62.02% and 
54.66% for groups A and B, respectively), these data were 
similar to those reported by the medical literature and 
their association with the appearance of technical vasos-
pasm determined by the difficulty/impossibility maneu-
vering the catheters was low (14% in both groups) (21). 
Regarding the pain scale, approximately 30% of the pa-
tients experienced pain intensity in their forearm > 5/10 
when the procedure was performed in both groups. This 
was the cut-off value used to define clinical spasm, which 
is consistent with the rate of spasm published in other 
studies (7). The need to administer fentanyl as the anes-
thetic agent was similar in both groups.
�e need to use another vascular access to �nish the proce-
dure dropped 50% among the patients who received loraze-
pam. Although not statistically signi�cant, this di�erence 
may have shown a greater tolerance to the discomfort cau-
sed by the procedure. �is �nding will need to be con�rmed 
by further studies.
Our results are di�erent from those published by Rodriguez 
Blanco et al. (22) �ese authors studied the use of IV mida-
zolam to reduce radial artery spasm in patients treated with 
cardiac catheterization and found a statistically signi�cant 
di�erence in their �nal primary endpoint; 5-Fr introducer 
sheaths were used in half of these patients, a factor known 
to reduce the rate of spasm; also, drug administration was 
intravenous. Astarcioglu et al. (23) also assessed midazo-
lam and nitroglycerin or midazolam alone to reduce radial 
spasm and found no statistically signi�cant di�erences be-
tween the 2 courses of treatment.
Although, like we did, the aforementioned studies used 
benzodiazepines to reduce radial artery spasm, in both ca-
ses the agent used was midazolam. �is drug widely used as 
an anesthetic inducer was administered intravenously. It is 
a short-acting drug with a di�erent safety pro�le. �erefo-
re, we should be cautious about the dose administered be-
cause of the risk of causing respiratory distress (24). In our 
study we tried to assess the sublingual use of a benzodiazepi-
ne that has a superior safety pro�le.
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It is obvious that in the medical literature available results 
are varied when benzodiazepines are assessed in this clinical 
context, which is why we tried to conduct the very �rst dou-
ble-blind, randomized clinical trial with oral benzodiazepi-
nes to assess their e�cacy and safety pro�le reducing radial 
artery spasm.
Some of the limitations of this study are that only outpa-
tients were assessed and that protocol applicability is for 

stable patients since 1 hour of wait is required after the 
administration of the drug before starting the procedure.
In conclusion, we can say that based on the results obtained, the 
administration of sublingual lorazepam prior to being admitted 
to the cath lab does not reduce radial spasm compared to placebo 
when this access route is used to perform diagnostic and/or the-
rapeutic coronary procedures. No signi�cant di�erences were re-
ported in the complications seen between the groups.
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