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ABSTRACT
Objective: To compare radial vasomotor functions at three different access sites namely right, left main radial artery, and left
distal radial (LDR) artery.
Study Design: Observational study.
Place and Duration of Study: Department of Cardiology, EGE University, Turkey, from September 2017 to February 2018.
Methodology: Forty-one patients scheduled for transradial elective coronary angiography and intervention were consecutively
enrolled. Access site decision was left free to operators being blind of the study. Main radial vasomotor function measured
through flow mediated vasodilation test  was compared between other  radial  access sites  on admission,  1  day and 2 months
post-catheterisation.
Results: Five patients were intervened through the left main radial, whereas the LDR and the right main radial access were
used  in  17  and  19  patients  respectively.  In  contrast  to  other  radial  access  sites,  LDR  approach  showed  significantly  less
influenced vasomotor functions the day after the procedure. This feature continued to be preserved for two months of follow-
up. 
Conclusion: Left distal radial branch in the anatomic snuffbox is a reliable access in terms of vasomotor function preservation
compared to conventional left and right radial artery accesses.
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INTRODUCTION

Coronary  angiography  (CAG)  and  percutaneous  coronary
intervention (PCI) can be performed through femoral, brachial
or radial arteries. Although the femoral approach has been the
primary site for most operators, radial access route has gained
increased popularity in PCI and revascularisation procedures
after its first report by Campeau et al.1,2 Multiple studies have
shown that transradial approach leads to less vascular compli-
cations,  shorter  hospital  stay,  and  early  mobilisation  in
comparison with the transfemoral route.3,4  However, radial
artery occlusion (RAO), non-occlusive radial artery injury and
radial artery spasm have been reported as important compli-
cations of this approach damaging the endothelial mediated
vasomotor functions in the radial artery wall.5
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Such vascular interventions complicating the endothelium may
prevent future use of the radial artery as a graft, reuse of transra-
dial route and fistula pathway for hemodialysis. Therefore, this
study was conducted to find the most reliable radial access site
in terms of endothelial mediated vasomotor function preserva-
tion measured through flow mediated vasodilation (FMD).

METHODOLOGY

Forty-one patients assigned for elective transradial coronary
angiography  between  September  2017  and  February  2018
were included in the study. It was designed as a prospective
study with single-blind fasion where the operator was left blind
and free for radial access site selection decision. Patients with
no  previous  transradial  intervention  were  consecutively
enrolled.  In  contrast,  patients with no palpable pulse of  the
radial artery or those with limited echogenicity of Doppler ultra-
sonographic  examination  were  excluded  from  the  study.
Signed informed consent form was obtained from each patient
participating in the study. The study was designed in accor-
dance with the principles of the Declaration of Helsinki and got
approval from the Ethics Committee of the Hospital.

Demographic  features  such as  age,  gender,  height,  weight,
body mass index were recorded on admission.  In the end of
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enrollment,  there were 3 groups formed according to radial
access site: left main radial group (5 patients), left distal radial
(17 patients) and right main radial artery group (19 patients).

The main radial  artery was examined 5 cm proximal  to  the
styloidal protruberance with a 4.5-12 MHz linear array probe
(GE Healthcare Vivid E9 4D Cardiovascular ultrasound system)
in all patients. The systolic diameter of the radial artery was
defined  as  the  maximum  diameter  during  systole  and  the
maximum  shrinkage  of  the  vessel  diameter  during  diastole
concurrently tracked by the R wave onset in electrocardiog-
raphy was set as the diastolic diameter.

The procedure was performed in a quiet room, at 25°C of room
temperature. Patients were requested not to exersize and seize
tea or coffee for at least 30 minutes before the procedure. They
were left resting in a supine position for at least 5 minutes with
12 hours of fasting. After recording of basal diameters of the
radial artery, the cuff was inflated until 220 mmHg of pressure
for five minutes to totally occlude the downstream blood perfu-
sion  of  the  relevant  hand.  Then  the  cuff  was  immediately
deflated and the maximal diameter of the radial artery obtained
by measuring the distance from the anterior wall intima to the
posterior wall intima was recorded. Radial artery diameter and
percentage change after deflation were recorded at 1st, 2nd and
3rd minutes.

Diameter change percentages were calculated using the FMD
formula (FMD (%) = [(diameter after reactive hyperemia-basal
diameter) / basal diameter] x 100). In this way, radial vasomotor
functions of the intervention arm were examined on admission,
24 hours and 2 months post catheterisation.

A hydrophilic radial sheath (6 French Prelude 170 Ease, Merit
Medical) was used for coronary angiography, with a 4 cm long
21 gauge open needle used for puncturing into the radial artery.
A local anesthetic containing 2% of prilocaine (2ml) was applied
to the radial access area before puncture. In order to prevent
vessel related spasm or occlusion, 2500 units of unfractionated
heparin, 200 mcg nitrate and saline cocktail were administered
to all patients. In case of intervention, heparin dose contem-
plated intravenously according to patient’s body weight. Radial
sheath was removed at procedure termination and early hemos-
tasis was achieved by manual compression for 15 minutes. The
slightly compressing bandage remained for 12 hours in order to
provide complete hemostasis at the access site.

Categorical data were described using observed frequencies
and percentages, and continuous variables were summarised
by their mean, standard deviation, median and interquartile
range (IQR) with statistical package (SPSS Inc., version 21.0,
Chicago, IL, USA). The suitability of the numerical variables to
normal distribution was examined by Shapiro-Wilk test. Chi-
square test was used for categorical data. After the Kruskal-
Wallis test, pairwise comparisons were made with the Dunn test
with Bonferroni correction. In all study, p values <0.05 were
considered  to  be  statistically  significant.  In  G  Power  3.0.8

Program, power analysis based on variance analysis method
was applied in repetitive measurements. The minimum sample
size was found to be 30 to find the difference between times with
alpha = 0.05 error level, moderate effect size f = 0.25 and 80%
power.

RESULTS

Left main radial artery was used in 12.2% (5 patients), whereas
the left distal and right main radial artery was used in 41.5% (17
patients) and 46.3% (19 patients) respectively. The baseline
characteristics  of  the  study  population  are  summarized  in
Table I. There was a young population (57.39 ± 13.97 years)
with a male predominance (70.7%).  Patients were overweight
with mean body mass index (BMI) of 27.62 ± 4.39 Kg/m2. Hyper-
tension was the most common comorbid disease seen in the
study population. There was no statistically significant differ-
ence between the three intervention groups in terms of hyper-
tension, diabetes, hyperlipidemia and coronary artery disease.

Measurements of FMD on the intervention arm on the above--
mentioned  time  periods  were  cautiously  and  precisely
performed in the first, second and third minute of cuff defla-
tion.  The highest diameter and percentage diameter change
were recorded during the first minute and accepted as refer-
ence measurements. Basal radial artery median (interquartile
range) percentage diameter change in the left radial group was
12.00 (7.92), in the left distal radial group 13.64 (3.46), and
13.34 (6.07) in the right radial group. All these data were statisti-
cally similar in all three intervention groups (p = 0.544, Table
II). The next day after the procedure, there was an increase in
radial artery diameter of the intervention arm in all the three
groups. Interestingly, diameter and percentage change were
found significantly  higher  in  the left  distal  group (6.90 mm
;5.46) compared to the left radial and right radial group (3.23
mm ;10.2 and 3.28 mm;3.45) respectively (p = 0.003, Table II).

This suggested a higher preservation of the radial artery vaso-
motor functions through the left distal radial artery approach
compared to the other conventional radial accesses.

Two months after the transradial coronary angiography, FMD
test showed recovery of the diameter and percentage change
close to preoperative values in all the three groups (Table II).
Despite higher post ischemic diameter in the left distal radial
group, no statistically significant difference was found between
other groups at 2 months follow-up (p = 0.064). This could
imply  the  restoration  of  endothelial  functions  in  the  radial
artery  at  2  months  after  the  procedure.  Regarding  vessel
complications,  minor  vessel-related  bleeding  defined  as
bleeding  not  necessitating  blood  transfusion  or  being  life
threating, was the most common complication with no signifi-
cant difference (p = 0.638, Table III). Radial doppler ultrasonog-
raphy confirmed no radial occlusion in the study population.
One patient (2.4%) had pseudoaneurysm on the right forearm
radial artery site that was recovered by temporary ultrasonic
probe compression (Table III).
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Table I: Baseline characteristics of the study population according to access site.

 Left radial
(n=5)

Left distal radial
(n=17)

Right radial
(n=19)

Total
(n=41) p-value

Age (years) 58.4±22.6 55.3±14.0 59.0±11.8 57.39 ±13.9 0.729
Male, n (%) 4(80) 12(70.6) 13(68.4) 29(70.7) 0.487
BMI (kg/m2) 27.54±3.44 27.59±5.37 27.66±3.82 27.62±4.39 0.998
Smoking, n (%) 2(40) 6(35.3) 5 (26.3) 13(31.7) 0.555
Hypertension, n (%) 4(80) 12(70.6) 15(78.9) 31(75.6) 0.819
Diabetes, n (%) 2(40) 8(47.1) 6(31.6) 16(39) 0.636
Hyperlipidemia, n (%) 3(60) 7(41.2) 6(31.6) 16(39) 0.497
CAD, n (%) 2(40) 6(35.3) 6(31.6) 14(34.1) 0.932
AF, n (%) 0(0) 1(5.9) 1(5.3) 2(4.9) 0.861
CKD, n (%) 1(20) 1(5.9) 0(0) 2(4.9) 0.176
COPD, n (%) 1(20) 0(0) 1(5.3) 2(4.9) 0.188
Thyroid disease, n (%) 0(0) 0(0) 3(15.8) 3(7.3) 0.154
Peripheral arterial disease, n (%) 0(0) 1(5.9) 1(5.3) 2(4.9) 0.861
AF: Atrial fibrilliation; BMI: Body mass index; CAD: Coronary artery disease; AF: Atrial fibrillation; CK: Chronic kidney disease; COPD: Chronic obstructive lung
diseases.

Table II: Diameter percentage change of the catheterized radial artery measured by flow mediated vasodilatation.

Flow mediated dilatation Left radial group
(n=5)

Left distal radial group
(n=17)

Right radial group
(n=19) p-value

Before CAG 12.00 (7.92) 13.64 (3.46) 13.34 (6.07) 0.544
After 24 hours 3.23 (10.2) 6.90 (5.46) 3.28 (3.45) 0.003
After 2 months 7.14 (4.54) 11.54 (4.70) 7.69 (1.60) 0.064
*CAG: Coronary angiography. The percentage changes values are shown to be as median in the Table. ** Flow mediated interquartiled range diameter
changes are shown in parentheses below the median percentage diameter change in the Table.

Table III: Complications according to access site.

Complication
Left radial

artery
(n=5)

Left distal radial
artery
(n=17)

Right radial
artery
(n=19)

Total
(n=41) p-value

Minor bleeding, n (%) 1(20) 1(5.9) 2(10.5) 4(9.8) 0.638
Pseudoaneurysm, n (%) 0(0) 0(0) 1(5.3) 1(2.4) 0.552
Hematoma, n (%) 1(20) 0(0) 1(5.3) 1(2.4) 0.552
Radial artery thrombosis areas, n (%) 0(0) 0(0) 3(15.8) 3(7.3) 0.154
Radial spasm, n (%) 0(0) 0(0) 1(5.3) 1(2.4) 0.552
Occlusion 0(0) 0(0) 0(0) 0(0) -

DISCUSSION

The use of radial artery access in coronary angiography has
been increasing in recent years and has become the stan-
dard approach in multiple centers. Transradial intervention
has been adopted as a preferred intervention site for diag-
nostic coronary catheterization since it  is  associated with
lower rates of vascular complications, less major bleeding
events,  and less patient  discomfort  compared to transfe-
moral  intervention.6-8  Vasoconstriction  may  occur  in  the
vessel and rupture of the elastic lamina and media layer
may occur, resulting in complications such as bleeding and
hematoma.9 RAO, which is one of the most common compli-
cations, can be seen in 2.8% - 11.7% of patients despite
appropriate  anticoagulation.10  Because  of  double  forearm
feeding, RAO is usually asymptomatic and is ignored, but
sometimes paresthesia and distal ischemia may occur.11

A study supports a transient reduction in endothelium-depen-

dent  and  independent  vasodilatation  of  the  radial  artery
after transradial  CAG.12  The most important cause of this
damage  in  the  radial  artery  is  the  endothelial  damage
caused by the introduction of sheath and coronary catheter
advancement inside.13,14 The clinical significance of this condi-
tion is that it  makes it  difficult  to use the radial  artery as a
graft for future (coronary artery bypass graft) CABG, reuse
as an access site for catheterization or as a shunt site for
arterio-venous  fistula  for  patients  with  chronic  renal  failure
necessitating dialysis. 15,16

In  this  study,  the  authors  compared  three  different  radial
artery access sites used in for transradial CAG procedure
with the goal to find the most reliable radial site in terms of
radial artery vasomotor function preservation through FMD
measurement. The same sheath was used in three different
patient groups and homogeneity of demographic and comor-
bidity  features  was achieved.  In  addition to  radial  artery
sheaths having a hydrophilic coating, agents such as dilti-
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azem,  verapamil,  nitroglycerin,  papaverine,  or  adenosine
administration  can  provide  additional  protection  against
radial artery spasm and or occlusion.17 Heparin is routinely
administered to prevent thrombosis at the sheath insertion
site. Nitroglycerin and heparin was administered to all the
patients immediately after radial sheath implantation, and
vessel- related complications were rarely seen. Use of vera-
pamil has shown not significant protection in terms of radial
artery spasm or pain,18 thus its routine administration was
avoided.  There was no major  bleeding event  due to  the
procedure in all the three intervention groups. Complications
such as pseudoaneurysm and radial artery thrombosis area
were  seen  more  common  in  the  right  radial  access
compared to other access sites (2.4% v.s 0%-0%, 15.8% v.s
0%-0% respectively). Right-handedness of the general popu-
lation  could  be  an  important  factor  accounting  for  high
vessel-related complication rates in the right radial interven-
tion group, since patients continue to use their right hands
after the procedure.

Although a small population, the low rate of vascular compli-
cations  in  the  LDR access  were  thought  to  be  linked to
higher preservation of endothelial functions than the other
access sites. The possible explanation of this preservation
could lie in the fact that the distal radial artery is one of the
distal branches of the main radial artery that the influence of
the insertion of the radial sheath towards endothelium could
be less than the introduction of  it  directly into the main
radial artery.

FMD  test  is  the  most  accepted  non-invasive  test  reflecting
arterial  endothelial  mediated  vasomotor  function.19  Tests
based on drug delivery or requiring invasive procedures to
evaluate endothelial functions were not performed due to
side  effect  profiles  and  ethical  issues.  A  study  evaluating
radial artery vasodilation functions on 20 patients and 20
volunteers showed improvement through FMD at 3 months
after transradial CAG.20 Instead, the authors found an earlier
improvement  of  FMD  at  2  months  post-catheterization.
Awareness of endothelial function preservation course in the
radial  arteries  could  be  a  beneficial  finding  for  the  purpose
of future re-catheterisation and or use as a graft for coronary
surgery.  Therefore,  normalisation  of  radial  endothelium,
poses great importance. As our study population was homo-
genic  in  relation to  demographic  and comorbid  diseases,
endothelial function measurement through FMD showed high
accuracy. This implied that independent of demographic and
comorbidity features, the left distal radial access was more
reliable than other accesses in terms of endothelial medi-
ated vasomotor function preservation. As a result, the use of
the left distal access in transradial coronary interventions
seems to be advantageous and could be more protective
against  common  vascular  complications  by  less  influencing
the endothelium.

Although  the  relatively  small  sample  size,  the  left  distal
radial  artery  group  reached  a  significant  statistical  value,

suggesting that the left distal access site was more reliable
than other access sites. Randomised trials involving a higher
number of patients are needed to better evaluate the rela-
tionship between vascular complications and radial endothe-
lial function.

CONCLUSION

Left  distal  radial  branch  in  the  anatomic  snuffbox  is  a  reli-
able  access  for  endothelial-mediated  vasomotor  function
preservation and is linked to lower vessel-related complica-
tions  compared  to  right  and  left  conventional  radial
accesses.

Preservation  of  it  poses  benefits  of  left  distal  radial  artery
access for future re-catheterization, use of radial artery as a
graft for coronary surgery and use as a shunt site for arteri-
ovenous fistula for dialysis patients.
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