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ABSTRACT

Introduction and objectives: We assessed whether the routine use of subcutaneous nitroglycerin prior to a cannulation attempt 
improves transradial access significantly (the NiSAR study [subcutaneous nitroglycerin in radial access]).
Methods: Patients undergoing a coronary angiography were enrolled in a prospective, double-blind, multicenter, randomized trial 
in 2 groups (nitroglycerin group vs control group). The primary endpoints were the overall number of puncture attempts, access 
and procedural time, switch to transfemoral access, and local perceived discomfort score. The secondary endpoints were the 
pre- and post-anesthetic pulse score. A subgroup of patients underwent ultrasound scans performed through the radial artery. 
Results: 736 patients were enrolled in the trial: 379 in the nitroglycerin group and 357 in control group. The average number of 
puncture attempts was similar (1.70 vs 1.76; P = .42). Access and procedural time did not change significantly (61.1 s and 33.3 s 
vs 63 s and 33.4 s; P = .66 and P = .64, respectively). No significant differences were found either between the 2 groups in the 
number of switches to transfemoral access (7.1% vs 8.4%; P = .52). However, the average local perceived discomfort score and 
post-anesthetic pulse score were significantly better in the nitroglycerin group (2.34 vs 2.76; P < .001 and 2.47 vs 2.22; P < .001). 
The ultrasound scan performed through the radial artery showed post-anesthetic radial artery lumen diameters that were signifi-
cantly higher in the nitroglycerin group in both the longitudinal (3.11 mm vs 2.43 mm; P = .002) and cross-sectional planes (2.83 
mm vs 2.41 mm; P = .002). A trend towards fewer local hematomas in the nitroglycerin group was seen (6.1% vs 9.8%; P = .059). 
Headaches were more common in the nitroglycerin group (3.2% vs 0.6%; P = .021).
Conclusions: The routine use of subcutaneous nitroglycerin prior to radial puncture was not associated with fewer punctures or 
shorter access times. However, the lower local perceived discomfort and enlargement of the radial artery size would justify its 
daily use in the routine clinical practice to enhance the transradial experience for both patients and operators. 
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Uso de nitroglicerina subcutánea para facilitar el acceso radial  
en procedimientos coronarios (Estudio NiSAR)

RESUMEN

Introducción y objetivos: Se evaluó si la utilización sistemática de nitroglicerina subcutánea previa a cualquier intento de canulación 
podía mejorar de forma significativa el acceso transradial (nitroglicerina subcutánea acceso radial [NiSAR]). 
Métodos: Se incluyeron todos los pacientes sometidos a angiografía coronaria en un estudio prospectivo, multicéntrico, doble ciego 
y aleatorizado, y se dividió la población en 2 grupos: grupo de nitroglicerina y grupo control. Los objetivos primarios del estudio 
fueron el número total de punciones radiales, el tiempo total de acceso y de procedimiento, la necesidad de cambio a acceso 
femoral y la puntuación de disconfort local. El objetivo secundario fue la evaluación del pulso antes y tras la anestesia. Además, 
un subgrupo de pacientes fue evaluado con ecografía de la arteria radial.
Resultados: Se incluyeron 736 pacientes: 379 en el grupo de nitroglicerina y 357 en el grupo C. El número promedio de intentos 
de punción radial fue similar en ambos (1,70 frente a 1,76; p = 0,42). No hubo diferencias significativas en los 2 grupos con 
respecto al tiempo total del acceso y del procedimiento (61,1 y 33,3 s frente a 63 y 33,4 s; p = 0,66 y p = 0,64, respectivamente). 
Tampoco se encontraron diferencias significativas entre los 2 grupos en la tasa de conversión a acceso femoral (7,1 en el grupo de 
nitroglicerina frente a 8,4% en el grupo C; p = 0,52). Sin embargo, el índice de malestar local y el de pulso tras la anestesia fueron 
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INTRODUCTION

Transradial access to perform coronary and peripheral procedures 
is becoming more successful compared to transfemoral access 
thanks to several advantages including more comfort as reported 
by the patients, early ambulation and discharge, less bleeding, and 
overall better outcomes.1-5 However, the radial artery is more 
susceptible to spasm, which can stop the advance of the catheter, 
extend the duration of the procedure, and increase its difficulty.6 
Also, radial artery spasm has been identified as an independent 
predictor of radial access failure.7

When radial artery spasm occurs after an introducer sheath has 
been inserted, the intra-arterial administration of vasodilator drugs 
has proved to improve the conduit effectively.8 Still, the subcuta-
neous administration of nitroglycerin relieves the spasm causing 
the reduction significantly and the eventual loss of pulse volume 
after several ineffective attempts to cannulate the radial artery.9 
Also, it enhances radial pulse palpation, and eventually makes the 
puncture of radial artery easier.10,11

Because the first puncture failure is a powerful predictor of radial 
artery spasm,12 we conducted a double-blind, randomized, controlled 
trial in 4 Argentinian centers to see whether the routine subcuta-
neous administration of nitroglycerin prior to a cannulation attempt 
improved transradial access significantly (the NISAR study [subcu-
taneous nitroglycerin in radial access]).

Specifically, the primary endpoints of the study were to assess the 
number of radial artery puncture attempts, the time required to 
place the sheath introducer, the number of times that switching 
to transfemoral access was required, and the patients’ tolerance 
to the procedure. The secondary endpoints included the assess-
ment of the radial artery pulse and diameter and local and 
systemic complications.

METHODS

Patients and procedures

Patients undergoing a coronary angiography with evidence of 
myocardial ischemia were enrolled in a prospective, multicenter, 
and randomized clinical trial conducted in 4 Argentinian centers 
into 2 different groups based on the periradial subcutaneous 
administration of nitroglycerin. In the nitroglycerin group, 2% 
xylocaine (1 mL) was used followed by 200 mcg of nitroglycerin 
(2 mL). In control group, 2% xylocaine (1 mL) was followed by the 
infusion of a normal saline solution (2 mL) used as placebo. 
Trained nurses from each center prepared the syringes following 

a 1:1 randomization scheme and making sure that their content 
was unknown to both the operators and the patients.

The coronary angiographies and revascularization procedures 
were performed using 5-Fr or 6-Fr diagnostic and guiding cathe-
ters as selected by the operators. In all cases a properly sized 
sheath introducer was inserted using the Seldinger or modified 
Seldinger technique. Five thousand units of heparin were consist-
ently administered through a bolus injection with further addi-
tions to keep the activated clotting time between 250 and 300 
seconds if a percutaneous coronary intervention was performed. 

All procedures were performed after patients gave their informed 
consent by 8 skilled and experienced operators who had performed 
over 1500 transradial procedures. All operators used the right radial 
artery as the access of choice; the left radial artery was spared for 
cases with right radial artery occlusion and patients with left internal 
mammary artery graft. The Ethics Committe reviewed and approved 
this study. Patients' informed consent to publish was obtained.

Outcome measures

The primary outcome measures were the overall number of punc-
ture attempts, access, and procedural time, switch to transfemoral 
access, and local perceived discomfort score. 

Access time was defined as the time elapsed between the adminis-
tration of local anesthesia and the insertion of the radial sheath 
introducer. When the initial radial access could not be completed, 
the contralateral radial access was never tried and access site 
changed to the femoral access. The local perceived discomfort score 
was assessed by the patient after undergoing the procedure and 
graded according to a radial-related pain score between 0 = no pain 
and 10 = unbearable pain.

The secondary outcome measures were the pre- and post-anes-
thetic pulse score assessed by the operator by palpating the radial 
pulse before and 1 minute after the administration of local anes-
thesia and graded as: 1 = weak pulse; 2 = easily palpable pulse; 
3 = strong pulse. Also, local and systemic complications including 
forearm hematomas, radial artery spasm, headaches, and sympto-
matic hypotension were recorded. Also, a subgroup of patients 
underwent a radial artery ultrasound scan both at the baseline 
and after the administration of anesthesia. Patients were examined 
in the supine position using a commercially available ultrasound 
system. The radial artery lumen diameter was measured on 
M-mode imaging in both the longitudinal and cross-sectional 
planes and 1 cm proximal to the radius styloid process. Three 
measures were taken in each plane and their values averaged.

significativamente mejores en el grupo de nitroglicerina (2,34 frente a 2,76, p < 0,001; 2,47 frente a 2,22, p < 0,001). La ecografía  
mostró un diámetro radial significativamente mayor en el grupo de nitroglicerina tanto en la vista longitudinal (3,11 frente a 2,43 mm;  
p = 0,002) como en la transversal (2,83 frente a 2,41 mm; p = 0,002). Hubo una menor incidencia de hematoma en el antebrazo 
en el grupo de nitroglicerina (6,1 frente a 9,8%; p = 0,059). La cefalea fue más frecuente en los pacientes del grupo de nitroglicerina 
(3,2 frente a 0,6%; p = 0,021).
Conclusiones: El uso sistemático de nitroglicerina subcutánea previo a la punción radial no estuvo asociado a una reducción en 
el número de punciones ni en el tiempo de acceso, pero el menor malestar local y el aumento del calibre de la arteria radial 
podrían justificar su uso en la práctica clínica para mejorar la experiencia del acceso transradial tanto en el paciente como en el 
operador. 

Palabras clave: Espasmo radial. Nitroglicerina subcutánea. Acceso radial. 
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Statistics

Continuous variables were compared using the Student t test. Cate-
gorical variables were compared using Pearson chi-square test. Data 
were expressed as mean ± standard deviation or frequency (percentage). 
Two-tailed P values < .05 were considered statistically significant. 

RESULTS 

Characteristics of patients and procedural details

Overall, 736 patients (450 men, age 65 ± 10 years) were enrolled 
in the trial: 379 (51.5%) in the nitroglycerin group and 357 (48.5%) 
in control group. Table 1 shows their general characteristics. 
Active smoking and diabetes mellitus were reported by 292 (39.7%) 
and 168 (22.8%) of the patients, respectively and 240 (46.1%) 
showed an unstable presentation. The radial access was the first 
access attempted in 597 patients (81.1%).

Procedural details are shown on table 2. In most cases, the radial 
artery was punctured with a 20G IV catheter using the modified 
Seldinger technique and a plastic-jacked mini-guidewire advanced 
through the artery lumen. Small and short sheath introducers were 
used in less than half of the patients.

Outcomes

The average number of puncture attempts was similar in the 
nitroglycerin group compared to control group (1.70 vs 1.76;  

P = .42). Access and procedural times did not change significantly 
in either one of the 2 groups (61.1 s and 33.3 s vs 63 s and 33.4 
s; P = .66 and P = .64, respectively). No significant inter-group 
differences were found either in the rate of switch to transfemoral 
access (7.1% in the nitroglycerin group vs 8.4% in control group, 
P = .52).

The main results of the patients and their local perceived discom-
fort score are shown on figure 1. The average local perceived 
discomfort score was significantly better in the nitroglycerin group 
(2.34 vs 2.76; P < .001) with a significantly higher rate of grade 
0/1 (34.3% vs 25.2%; P = .088) and a lower rate of grade > 3 (33.5% 
vs 50.4%; P < .001). 

Figure 2 shows the results of pre- and post-anesthetic pulse score 
assessment. No significant differences were seen in the pre-anes-
thetic pulse score. However, the post-anesthetic pulse score was 
significantly higher in the nitroglycerin group (2.47 vs 2.22,  
P < .001). The rate of post-anesthetic pulse score < 3 was signif-
icantly lower in the nitroglycerin group compared to group C 
(41.7% vs 57.1%, P < .001).

Radial artery ultrasound scans were performed in 70 patients; the 
results are shown on figure 3. No significant inter-group differences 
were seen at the baseline between the longitudinal (2.37 mm vs 
2.34 mm; P = .84) and cross-sectional planes (2.31 mm vs 2.34 mm; 
P = .97). However, the post-anesthetic radial artery lumen diameter 
was significantly higher in the nitroglycerin group in both the 
longitudinal (3.11 mm vs 2.43 mm; P = .002) and cross-sectional 
planes (2.83 mm vs 2.41 mm; P = .002).

Table 1. General characteristics of the patients

Overall 
(N = 736)

Nitroglycerin group 
(N = 379)

Control group 
(N = 357)

P

Age (years) 64.9 ± 10.1 64.9 ± 10.1 65.1 ± 10.1 .80

Male gender 450 (61.1%) 230 (60.7%) 220 (61.6%) .79

Body mass index 28.5 ± 4.2 28.5 ± 4.2 28.4 ± 4.2 .82

Active smoking 292 (39.7%) 153 (40.3%) 139 (38.9%) .69

Hypertension 520 (70.6%) 277 (73.1%) 243 (68.1%) .14

High cholesterol 365 (49.6%) 189 (49.8%) 176 (49.3%) .88

Diabetes mellitus 168 (22.8%) 97 (25.6%) 71 (19.9%) .07

Clinical presentation

ST-segment elevation myocardial infarction 55 (7.5%) 28 (7.4%) 27 (7.6%)

.68

Non-ST-elevation acute myocardial infarction 285 (38.7%) 139 (36.7%) 146 (40.9%)

Chronic stable angina 90 (12.2%) 51 (13.4%) 39 (10.9%)

Silent ischemia 123 (16.7%) 67 (17.7%) 56 (15.7%)

Preoperative assessment 64 (8.7%) 33 (8.7%) 31 (8.7%)

First transradial access attempt 597 (81.1%) 307 (81%) 290 (81.2%) .94

Procedure

Coronary angiography 507 (68.9%) 259 (68.3%) 248 (69.5%)

.55Percutaneous coronary intervention 24 (3.3%) 15 (3.9%) 9 (2.5%)

Coronary angiography and ad hoc revascularization procedure 205 (27.9%) 105 (27.7%) 100 (28%)
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As shown on table 3, no significant differences in local complica-
tions were seen, although a trend towards a lower rate of local 
hematomas was seen in the nitroglycerin group (6.1% vs 9.8%  
P = .059). Headaches were more common among patients from 
nitroglycerin groups (3.2% vs 0.6%, P = .021).

DISCUSSION

The main findings of our study are that the subcutaneous admin-
istration of nitroglycerin plus the administration of a local anes-
thetic agent prior to radial artery puncture did not show any 
statistically significant differences in the number of punctures 
attempted, access and procedural time or switch to transfemoral 
access. However, it significantly improved: a) the patients’ perceived 
comfort during the procedure; b) the radial artery pulse; and c) the 
radial artery size. Also, our data suggest a possible reduction in the 
occurrence of local hematomas. Also consistent with former studies, 
the subcutaneous use of nitroglycerin significantly increased the 
diameter of the radial artery in patients in whom an ultrasound 
scan was performed.10,13

The radial artery spasm is the most common complication of 
transradial access in both coronary angiographies and procedures. 
It often holds up the regular course of the procedure impacting 
the patients’ compliance and interfering with the cath lab proceed-
ings.6,9 Also, the occurrence of radial artery spasm before radial 
artery cannulation is even more frustrating to treat and may 
anticipate that the cannulation of the vessel will be impossible.

Multiple puncture attempts are the leading cause for radial artery 
spasm and may be a specific issue in the teaching environment.14,15 
Also, the administration of local anesthetics such as lidocaine has 
vasoconstrictive properties16 and the radial artery has a relatively 
small diameter and a relatively thicker tunica media of smooth 
muscle cells, which leads to a high receptor-mediated vasomotion 
compared to other muscular arteries.17,18 Conversely, the radial 
artery is particularly sensitive to nitroglycerin.19

Former studies have shown that nitroglycerin delivered through 
IV,20 topical,21 or intra-arterial16,22-24 routes of administration deter-
mines the radial artery dilatation; current evidence with subcuta-
neous nitroglycerin to facilitate radial access suggests that it can 
be beneficial to increase the radial pulse and reduce the number 
of attempts. However, the evidence on this regard is scarce and 
based on small studies.10,11 A review that assessed this issue also 
failed to find significant differences between both strategies.25 Our 
study rigorously used a double-blind, randomized protocol to 

Table 2. Procedural details

Overall 
(N = 736)

Nitroglycerin group 
(N = 379)

Control group 
(N = 357)

P

Allen test result

Normal 659 (89.5%) 338 (89.2%) 321 (89.9%)

.94Intermediate 66 (9%) 35 (9.2%) 31 (8.7%)

Abnormal 11 (1.5%) 6 (1.6%) 5 (1.4%)

Radial puncture and introducer placement

20G IV catheter 719 (97.7%) 371 (97.9%) 348 (97.5%) .71

0.021 in mini-guidewire 701 (95.2%) 364 (96%) 337 (94.4%) .29

Plastic-jacketed mini-guidewire 684 (92.9%) 358 (94.4%) 326 (91.3%) .10

Introducer length < 10 cm 292 (39.7%) 162 (42.7%) 130 (36.4%) .08

Introducer size < 6-Fr 318 (43.2%) 166 (43.8%) 152 (42.5%) .74

Radial artery angiography 271 (36.8%) 144 (38%) 127 (35.6%) .50

Figure 1. Patients tolerance to the transradial procedure. The average local 
perceived discomfort score was significantly better in patients in whom 
nitroglycerin was administered subcutaneously compared to those in  
whom placebo was used (2.34 vs 2.76; P < .001).

Local perceived discomfort score
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Pre-anesthetic pulse score

Figure 2. Operator assessment of radial pulse. The left panel shows that no significant differences were found in the pre-anesthetic pulse score between 
patients in whom nitroglycerin was administered subcutaneously (nitroglycerin group) and those in whom placebo was used control group. The right panel 
shows that the post-anesthetic pulse score was significantly higher in the nitroglycerin group compared to control group (2.47 vs 2.22; P < .001). 
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Figure 3. Radial artery ultrasound scan. No significant inter-group differences were seen at the baseline between the longitudinal (2.37 mm vs 2.34 mm;  
P= .84) and the cross-sectional planes (2.31 mm vs 2.34 mm; P = .97). However, the post-anesthetic radial artery lumen diameter was significantly higher in the 
nitroglycerin group compared to control group in both the longitudinal (3.11 mm vs 2.43 mm; P = .002) and cross-sectional planes (2.83 mm vs 2.41 mm; P = .002).

Cross-sectional plane

Baseline Post-anesthetic Baseline Post-anesthetic

P = .84

P = .002

P = .002

P = .97

3.2

2.9

2.6

2.3

2

3.2

2.9

2.6

2.3

2

Control groupNitroglycerin group

R
ad

ia
l 

ar
te

ry
 l

um
en

 d
ia

m
et

er
 (

m
m

)



31S. Coroleu et al. REC Interv Cardiol. 2021;3(1):26-32

Table 3. Main local and systemic complications

Overall 
(N = 736)

Nitroglycerin group 
(N = 379)

Control group 
(N = 357)

P

Local complications

Forearm hematoma 58 (7.9%) 23 (6.1%) 35 (9.8%) .059

Radial artery spasm 109 (14.8%) 49 (12.9%) 60 (16.8%) .14

Systemic complications

Headache 14 (1.9%) 12 (3.2%) 2 (0.6%) .021

Symptomatic hypotension 16 (2.2%) 11 (2.9%) 5 (1.4%) .25

assess the role of the subcutaneous administration of nitroglycerin 
prior to radial artery puncture. It concluded that its systematic use 
can improve the patient’s perceived discomfort and make puncture 
easier for the operator but without reducing the number of punc-
tures attempted or access time. Our findings are especially rele-
vant in light of the improved safety associated with transradial 
access.26

The subcutaneous administration of nitroglycerin is a straightfor-
ward and inexpensive technique that allows a high concentration 
and long persistence of the vasoactive agent at the spasm site level 
without entering the bloodstream significantly.9 As a matter of 
fact, in our study no significant differences were seen in the 
hemodynamic effect of patients who received subcutaneous nitro-
glycerin or placebo.

Also, the Doppler ultrasound scans performed on the radial artery 
pre- and post-nitroglycerin in a subgroup of patients triggered the 
new NISAR study (Eco nitroglicerina subcutánea acceso radial)—
currently in its design phase—with echocardiographic evaluation of 
all the patients included.

Limitations

All the patients of this study were taking standard anti-ischemic 
drugs including nitrates. We did not study the confounding effect 
of the vasodilation caused by these drugs. The inter-observer and 
inter-operator variabilities were not studied either. The Doppler 
ultrasound scan was used in a small subgroup of patients. 

CONCLUSIONS

The routine use of subcutaneous nitroglycerin prior to radial 
puncture was not associated with a lower number of punctures or 
shorter access times. However, the lower local perceived discom-
fort and improved radial artery size would justify its daily use in 
the routine clinical practice to enhance the transradial experience 
of both patients and operators. 
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