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3-Part Abstract:
Aims: To explore the use of prolonged occlusion flow mediated dilatation (PO-FMD) to dilate the
radial artery prior to cannulation to increase cannulation success, reduce puncture attempts and
reduce access site complications in transradial coronary angiography.
Methods and results:1156 patients undergoing transradial coronary angiography were randomized
into PO-FMD and sham PO-FMD groups. PO-FMD was achieved by a 10 minute inflation of a blood
pressure cuff on the arm to above systolic pressure, followed by deflation with resultant radial artery
dilation. In the sham PO-FMD group the cuff was not inflated. Operators were blinded to the
intervention.
580 patients were randomized to the sham PO-FMD group and 576 to the PO-FMD group.
Cannulation failure was reduced with PO-FMD with cannulation failure rates of 2.7% in the PO-FMD
group and 5.8% in the sham PO-FMD group (p=0.01).The number of puncture attempts were
reduced with the use of PO-FMD, with a median of 1 attempt in the PO-FMD group and 2 in the
sham PO-FMD group (p<0.001). Radial artery pulsation loss (RAPL) was reduced with PO-FMD with
1.4% in the PO-FMD group and 3.8% in the sham PO-FMD group (p=0.02).

Conclusion: PO-FMD reduces cannulation failure rates, decreases puncture attempts, and decreases
RAPL during transradial coronary angiography.

Key Words: Other technique; Radial; Access site; Vessel occlusion
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Condensed Abstract:
Prolonged occlusion flow mediated dilatation (PO-FMD) was used to dilate the radial artery prior to
cannulation for coronary angiography to increase cannulation success, reduce puncture attempts
and reduce complications. Cannulation failure was reduced with PO-FMD with failure rates of 2.7%
in the PO-FMD group and 5.8% in the sham PO-FMD group (p=0.01). The number of attempts to
cannulate the radial artery were reduced by using PO-FMD (p<0.001). Radial artery pulsation loss
(RAPL) was reduced with PO-FMD with 1.4% in the PO-FMD group and 3.8% in the sham PO-FMD
group (p=0.02).

Abbreviations:
RAS: Radial artery spasm
RAPL: Radial artery pulsation loss
RAO: Radial artery occlusion
FMD: Flow mediated dilatation
PO-FMD: Prolonged occlusion-flow mediated dilatation
PCI: Percutaneous coronary intervention
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Introduction:
Access to the coronary arteries has traditionally been obtained via the femoral arteries, the first
transfemoral coronary angiogram being performed in 1958(1). Alternative access sites have since
been explored with the first transradial coronary angiogram performed in 1989(2). Access via the
radial artery has now been shown to be superior to femoral access with less major bleeding and
vascular complications(3–8) , to be more cost effective with decreased hospital stay, improve patient
satisfaction(3,9–11) and reduce all cause mortality(12). Transradial catheterization has therefore
become the accepted standard of practice.
The transradial approach is however not without challenges and complications. Cannulation of the
radial artery is technically more challenging, with a steep learning curve to become proficient in the
procedure and with higher cannulation failure rates compared to the transfemoral approach(8),(13).
Access difficulty may result in complications with an increase in the number of radial artery puncture
attempts being reported to increase the occurrence of radial artery spasm (RAS)(14), radial artery
pulsation loss (RAPL), radial artery occlusion (RAO), pain and discomfort(15).
One strategy to increase access success is to dilate the radial artery prior to cannulation. Various
strategies can be used to achieve dilatation including sublingual or subcutaneous nitrates, hand
exercises, hand warming, and flow mediated dilatation (FMD). Flow mediated dilatation is a
physiological process whereby an artery is dilated by increasing the flow through it. This is usually
achieved by inflation of a blood pressure cuff above the systolic pressure for a period of time with
subsequent deflation to restore flow and dilate the vessel. Occlusion of the brachial artery for 5
minutes results in nitric oxide dependant dilatation of the artery distal to the occlusion during
reperfusion(16) and is commonly used as a diagnostic tool to assess endothelial function(17–19).
This nitric oxide dependant dilatation is short-lived and diminished in patients with atherosclerosis.
However, prolonged occlusion times prior to restoring blood flow induces nitric oxide independent
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FMD resulting in prolonged vasodilatation even in patients with hypercholesterolemia(16).
Compared to other methods available to dilate the radial artery FMD is cheap, easy to perform,
needs minimal equipment with negligible risk making it an ideal strategy.
We explored the impact of prolonged occlusion flow mediated dilatation (PO-FMD) in augmenting
radial artery cannulation success. The primary aim was to assess its impact on transradial
cannulation failure rate. Secondary aims were to assess its impact on the number of radial artery
puncture attempts and to evaluate its impact on rates of RAS, RAPL and RAO.

Methods:
All patients scheduled to undergo transradial coronary angiography at a single tertiary cardiac
centre (Tygerberg Hospital), as indicated by their clinical condition, were considered for inclusion.
Patients who had consented for coronary angiography were asked to participate in the study and
informed consent was obtained from those wishing to participate. Patients undergoing emergency
primary percutaneous coronary intervention (PCI), emergency rescue PCI, or who were
haemodynamically unstable precluding ultrasound assessment and 10-minute occlusion for PO-FMD
were excluded from participation. Recruitment was done from 1 April 2017 to 31 July 2018. The
Health Research Ethics Committee of Stellenbosch University approved the study protocol and the
study was funded by the Research fund of the Division of Cardiology, Department of Medicine,
Stellenbosch University.
Baseline demographics were recorded on an anonymized case report form (age, sex, smoking habits,
dyslipidaemia, hypertension, diabetes, weight, height and serum creatinine). The indication for
coronary angiography and whether or not previous transradial coronary angiography had been
performed was recorded. This data was captured by the cardiac technologists involved with the
case.
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Participants were allocated a study number in numerical order during recruitment and were
randomly allocated into two groups, those in whom PO-FMD would be performed and those
receiving sham PO-FMD (blood pressure cuff placed over the right brachial artery but the cuff was
not inflated). Randomization was accomplished by a computer generated randomization scheme
using the participant study numbers. Allocation was recorded on a confidential study log available
only to the cardiac technologists, blinding patient and operator to group allocation. The computer
generated randomization scheme allocated patients to groups in a random manner, minimizing bias,
but blocked randomization into groups of 100, with an allocation ratio of 1:1, to ensure balanced
numbers throughout the recruitment process.
Participants had an ultrasound of the radial artery to be cannulated performed prior to angiography.
All ultrasound assessments were performed using a Logiq E ultrasound machine (General Electric,
Boston, United States of America) with a 22 MHz probe. The radial artery internal diameter was
measured 2-5 cm proximal to the styloid process. Cardiology fellows doing the assessments were
blinded to group allocation.
In the PO-FMD group a blood pressure cuff was placed above the antecubital fossa of the arm to be
cannulated. It was inflated to 50 mmHg above the patient’s systolic blood pressure for 10 minutes
after which the cuff was deflated and cannulation commenced. In the sham PO-FMD group a blood
pressure cuff was placed above the antecubital fossa of the arm to be cannulated but not inflated.
The PO-FMD/sham PO-FMD protocol was performed by the cardiac technologist involved with the
case. The interventional cardiologists performing the radial artery puncture and subsequent
angiogram were blinded from group allocation.
All study investigators were proficient in transradial coronary angiography. Investigators included
cardiology trainees who had completed ≥50 radial cannulations. A palpation guided transradial
cannulation was performed according to a strict protocol (addendum A). The number of puncture
attempts, success or failure of cannulation, time to cannulation and occurrence of RAS was
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recorded. Number of radial artery puncture attempts was defined as the number of forward
movements of the cannula in an attempt to cannulate the radial artery. A “patent haemostasis”
protocol was followed after completion of the angiogram (addendum B)
After achieving haemostasis, and once the TR band had been removed, the radial artery was
assessed again. The radial artery was palpated to determine whether RAPL had occurred (RAPL was
defined as the inability to palpate the radial pulse). Ultrasound was then performed and the vessel
diameter and the occurrence of RAO were recorded (RAO defined as the loss of radial artery
pulsation on Doppler ultrasonography of the artery post procedure). If RAO occurred the mechanism
of the occlusion was determined by ultrasound. The timing of this assessment could not be
standardized but needed to occur prior to discharge.

Statistical analysis:
Sample size estimation was based on the assumption of a cannulation failure rate of 10% with a 50%
reduction with the use of PO-FMD with beta error set at 20%, power at 80% and two-sided
significance level of 0.05. The estimated sample size under these assumptions was n=864. Our
sample size calculation was anticipated to be potentially unreliable. Cannulation failure rates are
highly variable between centres with rates of <1% to >10% reported (8, 20, 21, 22). Local
cannulation failure rates had not been previously studied in our centre but was estimated at 10%
based on operator experience. Secondly the impact of PO-FMD could only be speculated on as it had
not been used for this purpose previously. An interim analysis was performed to assess the need to
adjust sample size. Due to lower than expected failure rates sample size was increased after the
interim analysis with an assumption of a cannulation failure rate of 6% with a 50% reduction with
the use of PO-FMD. Beta error and power was left unchanged. A one-sided 0.05 significance level
was used after confirmation of the beneficial direction of the intervention effect following interim
analysis. The estimated total sample size under these assumptions was n=1131 using a Z test with
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Whitney tests were used to compare non-normally distributed outcomes between the two
treatment groups while independent samples t-tests were used to compare normally distributed
variables between the two treatment groups. Pearson’s chi square tests were used to compare
categorical variables between treatment groups. Spearman’s correlation analysis was used to
investigate linear relationships between continuous variables that were not normally distributed.

Results:
1156 participants were enrolled into the study. 576 participants were randomized to the PO-FMD
group and 580 into the sham PO-FMD group. 26 patients were excluded from the data analysis, 16
from the PO-FMD group and 10 from the sham PO-FMD group. Analysis was performed on 560
patients in the PO-FMD group and 570 patients in the sham PO-FMD group (figure 1). 6 were
excluded due to a lack of clarity on which intervention (PO-FMD or sham PO-FMD) was performed
on the patient as there was a discrepancy between the patients’ group allocation according to the
randomization plan and the group recorded on the case report form. 12 patients had femoral access
performed from the start. 2 patients were excluded as there was a possible delay between
performing PO-FMD and attempting cannulation. 4 patients had PO-FMD performed on the right
arm but the left arm was cannulated. 2 patient’s procedures were cancelled after randomization.
The baseline demographics, cardiovascular risk profile and pre-procedural radial artery diameters
were comparable between the sham PO-FMD and PO-FMD groups (table 1). Higher rates of smoking
were noted in the PO-FMD group, otherwise there were no significant differences between the
groups. 6 French sheaths were routinely used. 5 French sheaths were used in 27 cases, 13 in the POFMD group and 14 in the sham PO-FMD group.
Cannulation failure rates:
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A reduction in cannulation failure was demonstrated with the use of PO-FMD with cannulation
failure rates of 2.7% in the PO-FMD group and 5.8% in the sham PO-FMD group (p=0.01) (figure 2).
These patients required crossover to the left radial or femoral approach. Cannulation failures were
associated with smaller preprocedural radial artery diameters when compared to those in whom
cannulation was successful (p<0.001).
Number of radial artery puncture attempts:
With the use of PO-FMD a reduction in the number of radial artery puncture attempts was
demonstrated with a median number of puncture attempts of 1 in the PO-FMD group and 2 in the
sham PO-FMD group (figure 3) (p<0.001).
A weak negative correlation was found between the preprocedural radial artery diameter and the
number of puncture attempts needed to cannulate the radial artery (Spearman’s rho -0.173,
p<0.001 in the PO-FMD group and Spearman’s rho -0.220, p<0.001 in the sham PO-FMD group)
(figure 4).
Time to cannulation:
A reduction in cannulation time was demonstrated with the use of PO-FMD with a median time to
cannulation of 61 seconds in the PO-FMD group and 66 seconds in the sham PO-FMD group
(p<0.008) (table 2).
Complications:
When assessing for complications of radial artery cannulation in terms of RAS, RAPL and RAO we
found that complication rates were low (table 3). No difference was found in RAS rates in the
groups, 4,6% in the PO-FMD group and 4.3% in the sham PO-FMD group (p=0.546). PO-FMD reduced
RAPL rates being, 1,4% in the PO-FMD group and 3.8% in the sham PO-FMD group (p=0.02). RAO
occurred in 3.9% of patients in the PO-FMD group and 5.7% in the sham PO-FMD group. This did not
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reach significance (p=0.2). When assessing the mechanism underlying the RAO all were found to be
due to radial artery thrombosis.
Additional factors impacting on radial artery diameter, number of puncture attempts and
cannulation failures:
Females were found to have a significantly smaller radial artery diameter than males with a mean of
2.05mm (SD 0.39mm) in females compared to 2.41mm (SD 0.46mm) in the males (p<0.001). There
were also significantly more radial artery puncture attempts in females compared to males (p=0.001)
with the median attempts in females being 2 compared to that of 1 attempt in males (figure 5) as
well as higher cannulation failure rates in females (7.3%) as compared to males (2.6%) (p<0.001)
(figure 6).
Hypertension had no effect on radial artery diameter or cannulation failure rates. Those with
hypertension did however have significantly more radial artery puncture attempts than those
without hypertension (p=0.047) with the median number of attempts 2 in those with hypertension
and 1 in those without hypertension.
Diabetes had no effect on radial artery diameter or cannulation failure rates. Diabetes mellitus was
associated with more radial artery puncture attempts (p=0.038).
Dyslipidaemia had no effect on radial artery diameter or cannulation failure rates. Dyslipidaemia was
associated with more radial artery puncture attempts with a median number of attempts of 2 in
those with dyslipidaemia and 1 in those without dyslipidaemia (p=0.025).
Age, serum creatinine, smoking and body mass index had no effect on radial artery diameter,
number of puncture attempts or cannulation failure rates. 23 percent of patients had undergone a
previous angiogram. This was not associated with a difference in radial artery diameter, number of
puncture attempts or cannulation failure rates.
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Discussion:
Transradial coronary angiography has become the standard access route in many centres
throughout the world. Gaining access is however more challenging than the transfemoral approach.
The use of PO-FMD to dilate the radial artery prior to cannulation has proved to be an easily
performed technique that improves access success with a reduction in the number of radial artery
puncture attempts, decreased cannulation failure rates and reduced cannulation times. PO-FMD
reduced the local complication of radial artery pulsation loss post cannulation.
The technique is non-invasive and needs no specialized equipment. PO-FMD cuff inflation can be
started prior to the patient entering the catheterization laboratory and released as draping is
completed and need not delay procedural start times, making it a feasible option in a busy cardiac
catheterization laboratory. The use of PO-FMD is therefore an important consideration to augment
radial artery access. While we were concerned about patient discomfort due to cuff inflation POFMD was remarkably well tolerated with no patients asking for the cuff to be removed. We don’t
foresee this being a limiting factor to its use if the technique is explained to patients.
Access success in transradial coronary angiography was high in this study with failure rates of 2.7%
and 5.8% in PO-FMD and sham PO-FMD groups respectively. Access failure is however highly
variable between centres with rates from <1% to >10% reported in different centres(8,20–22). We
foresee PO-FMD’s greatest utility to be in those patients with a high risk profile for access difficulty
and with inexperienced operators, assisting in the steep learning curve of perfecting the technique.
The risk factors for access difficulty identified in this trial were female gender, smaller radial arteries,
hypertension, diabetes mellitus and dyslipidaemia.
The difficulty in cannulation in females may be related to their smaller radial arteries. Why
hypertension, diabetes mellitus and dyslipidaemia lead to more puncture attempts is less clear. A
possible explanation may be that the radial arteries of these patients are more sensitive to
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developing spasm induced by the surrounding tissue trauma or that underlying atherosclerosis
makes these vessels more difficult to cannulate.
PO-FMD should also be effective in augmenting radial artery access or puncture in other settings
such as arterial line placement for invasive blood pressure monitoring or arterial blood gas sampling
but that will need to be investigated in those settings.
PO-FMD did not prevent RAS. This may be due to the fact that the majority of spasm occurs, not
while cannulating the vessel, but after completing cannulation of the vessel when the guidewire is
being passed. By the time the guidewire is being passed the dilatation induced by PO-FMD may have
worn off.
A reduction in RAPL was demonstrated. This finding is important in this group of patients where an
absent radial pulse or occluded radial artery would prevent future transradial coronary angiograms
and may prevent the vessels use for coronary artery bypass graft (CABG) or fistula creation in future.
None of our patients had any ischaemic complications from the RAPL or RAO.
Although not demonstrated in our data, an association between the number of puncture attempts
and RAO and RAPL has been found in another study (15).
Local access site complications were lower than expected from rates reported in the literature
(8,23,24). RAPL occurred in 1.4% in the PO-FMD group and 3.8% in sham PO-FMD group. RAO
occurred in 3.9% in the PO-FMD group 5.7% in the sham PO-FMD group. All RAO were caused by
thrombus formation. These low rates were probably achieved due to few cannulation attempts, the
use of intravenous heparin after cannulation, as well as a strict patent haemostasis protocol.

Study limitations:
It is a strength of this study that the cardiologists performing angiography were blinded to the radial
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FMD) prior to gaining radial artery access. However, patients were aware if the blood pressure cuff
was inflated or not prior to radial artery cannulation. It is possible that some of the patients could
have made comments during the procedure about the inflation of the blood pressure cuff, alerting
the cardiologist to fact that the patient was in the one group or the other. Patients undergoing
coronary angiography in our unit routinely receive pre-medication and none of the investigators
could recall a case where the patient provided information that could have unblinded the
investigator. The post procedural assessment of the radial artery for RAPL and RAO was not blinded.
To minimize bias all ultrasound assessments were recorded and cases of RAO were reviewed and
confirmed by a second observer.
The degree of dilatation induced after PO-FMD was not evaluated in this study. This would have
delayed the time from dilatation to trans-radial access and as the dilatation achieved is transient this
delay could not be accommodated in the protocol. The study was based on the known phenomenon
of nitric oxide independent dilatation of the arteries in the forearm following prolonged occlusion
and hence quantifying its presence in this study was not considered essential. This limitation would
have been important in a negative trial, but given the beneficial effect of PO-FMD on the number of
puncture attempts, cannulation success and RAPL the concern about this potential limitation has
been minimized.

Conclusion:
This study demonstrates that in units proficient in a transradial approach to coronary angiography,
access success can be improved with decreased cannulation failures, puncture attempts and
complications reduced with less RAPL by a simple and practical measure inducing PO-FMD of the
radial artery prior to radial artery puncture. Overall success of transradial coronary angiography is
however high and we foresee the most benefit for the use of PO-FMD in patients at risk of access
failure.
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Impact on daily practice:
Use of PO-FMD prior to radial artery puncture in patients undergoing transradial coronary
angiography can be implemented without prolonging the procedure and will result in less
cannulation failures, less puncture attempts and reduce RAPL. Overall success of transradial
coronary angiography is however high and we foresee the most benefit for the use of PO-FMD in
patients at risk of access failure.
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Tables:
Table 1: Patient demographics, cardiovascular risk profile and pre-procedural radial artery diameter.
Sham PO-FMD (n = 570)

PO-FMD (n=560)

p-value

Demographics
Age (mean, SD)

58.1 (11.3)

57.3 (11.8)

0.225

Male (n)

357 (62.6%)

361 (64.5%)

0.496

Female (n)

213 (37.4%)

199 (35.5%)

0.496

Cardiovascular Risk factors
Smoking (n)

304 (53.3%)

334 (59.6%)

0.018

Hypertension (n)

368 (64.6%)

381 (66.8%)

0.314

Diabetes Mellitus (n)

181 (31.8%)

176 (32.5%)

0.977

Dyslipidaemia (n)

195 (34.2%)

174 (31.8%)

0.299

Body Mass Index (mean, SD)

29.6 (7.1)

29.2 (7.0)

0.426

Creatinine (mean, SD)

83.6 (23.6)

81.9 (24.5)

0.230

2.30mm (0.47)

0.086

Radial artery diameter
(mean, SD)

2.25mm (0.46)

Previous transradial angiogram
(n, percentage)

122 (21.4%)

109 (19.5%)

0.503

PO-FMD: Prolonged occlusion – flow mediated dilatation
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Table 2: Time to cannulation success
Sham PO-FMD

PO-FMD

Time to

Median

66

61

access

Percentile 25

45

42

(seconds)

Percentile 75

130

104

PO-FMD: Prolonged occlusion – flow mediated dilatation. p=0.008
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Table 3: Complication rates of radial artery access during coronary angiography
Sham PO-FMD

PO-FMD

p-value

RAS

26 (4.6%)

24 (4.3%)

0.546

RAPL

19 (3.8%)

7 (1.4%)

0.020

RAO

28 (5.7%)

19 (3.9%)

0.200

PO-FMD: Prolonged occlusion – flow mediated dilatation, RAO: radial artery occlusion, RAPL: radial
artery pulsation loss, RAS: radial artery spasm.

Disclaimer : As a public service to our readership, this article -- peer reviewed by the Editors of EuroIntervention - has been published
immediately upon acceptance as it was received. The content of this article is the sole responsibility of the authors, and not that of the
journal

References:
1.

Loop FD. F. Mason Sones, Jr., M.D. (1918–1985). Ann Thorac Surg. 1987;43(2):237–238.

2.

Campeau L. Percutaneous radial artery approach for coronary angiography. Cathet
Cardiovasc Diagn. 1989;16(1):3–7.

3.

Israeli Z, Lavi S, Bertand OF, Mamas MA, Bagur R. Radial versus femoral approach for sameday inter-facility transfer for percutaneous coronary intervention. J Interv Cardiol.
2018;31:230-235

4.

Caputo RP, Tremmel JA, Rao S, Gilchrist IC, Pyne C, Pancholy S, Frasier D, Gulati R, Skelding K,
Bertrand O, Patel T. Transradial arterial access for coronary and peripheral procedures:
Executive summary by the transradial committee of the SCAI. Catheter Cardiovasc Interv.
2011;78:823–839.

5.

Jolly SS, Yusuf S, Cairns J, Niemelä K, Xavier D, Widimsky P, Budaj A, Niemelä M, Valentin V,
Lewis BS, Avezum A, Steg PG, Rao S V., Gao P, Afzal R, Joyner CD, Chrolavicius S, Mehta SR.
Radial versus femoral access for coronary angiography and intervention in patients with
acute coronary syndromes (RIVAL): A randomised, parallel group, multicentre trial. Lancet.
2011;377(9775):1409–1420.

6.

Valgimigli M, Gagnor A, Calabró P, Frigoli E, Leonardi S, Zaro T, Rubartelli P, Briguori C, Andò
G, Repetto A, Limbruno U, Cortese B, Sganzerla P, Lupi A, Galli M, Colangelo S, Ierna S,
Ausiello A, Presbitero P, Sardella G, Varbella F, Esposito G, Santarelli A, Tresoldi S, Nazzaro M,
Zingarelli A, De Cesare N, Rigattieri S, Tosi P, Palmieri C, Brugaletta S, Rao S V., Heg D,
Rothenbühler M, Vranckx P, Jüni P. Radial versus femoral access in patients with acute
coronary syndromes undergoing invasive management: A randomised multicentre trial.
Lancet. 2015;385:2465–2476.

Disclaimer : As a public service to our readership, this article -- peer reviewed by the Editors of EuroIntervention - has been published
immediately upon acceptance as it was received. The content of this article is the sole responsibility of the authors, and not that of the
journal

7.

Andò G, Capodanno D. Radial versus femoral access in invasively managed patients with
acute coronary syndrome: A systematic review and meta-analysis. Annals of Internal
Medicine. 2015;163:932–940.

8.

Agostoni P, Biondi-Zoccai GGL, De Benedictis ML, Rigattieri S, Turri M, Anselmi M, Vassanelli
C, Zardini P, Louvard Y, Hamon M. Radial versus femoral approach for percutaneous coronary
diagnostic and interventional procedures: Systematic overview and meta-analysis of
randomized trials. J Am Coll Cardiol. 2004;44:349–356.

9.

Kok MM, Weernink MGM, von Birgelen C, Fens A, van der Heijden LC, van Til JA. Patient
preference for radial versus femoral vascular access for elective coronary procedures: The
PREVAS study. Catheter Cardiovasc Interv. 2018;91:17–24.

10.

Amin AP, Patterson M, House JA, Giersiefen H, Spertus JA, Baklanov D V., Chhatriwalla AK,
Safley DM, Cohen DJ, Rao S V., Marso SP. Costs Associated With Access Site and Same-Day
Discharge Among Medicare Beneficiaries Undergoing Percutaneous Coronary Intervention:
An Evaluation of the Current Percutaneous Coronary Intervention Care Pathways in the
United States. JACC Cardiovasc Interv. 2017;10:342–351.

11.

Kołtowski Ł, Filipiak KJ, Kochman J, Pietrasik A, Huczek Z, Balsam P, Lewandowski A,
Chojnacka K, Opolski G, Wrona W. Cost-effectiveness of radial vs. Femoral approach in
primary percutaneous coronary intervention in STEMI – Randomized, control trial. Hell J
Cardiol. 2016;57:198–202.

12.

Ferrante G, Rao S V., Jüni P, Da Costa BR, Reimers B, Condorelli G, Anzuini A, Jolly SS, Bertrand
OF, Krucoff MW, Windecker S, Valgimigli M. Radial Versus Femoral Access for Coronary
Interventions Across the Entire Spectrum of Patients With Coronary Artery Disease: A MetaAnalysis of Randomized Trials. JACC Cardiovasc Interv. 2016;9:1419–1434.

Disclaimer : As a public service to our readership, this article -- peer reviewed by the Editors of EuroIntervention - has been published
immediately upon acceptance as it was received. The content of this article is the sole responsibility of the authors, and not that of the
journal

13.

Tewari S, Sharma N, Kapoor A, Syal SK, Kumar S, Garg N, Goel PK. Comparison of transradial
and transfemoral artery approach for percutaneous coronary angiography and angioplasty: A
retrospective seven-year experience from a north Indian center. Indian Heart J. 2013;65:378–
387.

14.

Jia DA, Zhou YJ, Shi DM, Liu YY, Wang JL, Liu XL, Wang ZJ, Yang SW, Ge HL, Hu B, Yan ZX, Chen
Y, Gao F. Incidence and predictors of radial artery spasm during transradial coronary
angiography and intervention. Chin Med J. 2010;123:843–847.

15.

Costa F, Van Leeuwen MAH, Daemen J, Diletti R, Kauer F, Van Geuns RJ, Ligthart J, Witberg K,
Zijlstra F, Valgimigli M, Van Mieghem NM. The Rotterdam radial access research: Ultrasoundbased radial artery evaluation for diagnostic and therapeutic coronary procedures. Circ
Cardiovasc Interv. 2016;9:1-10.

16.

Mullen MJ, Kharbanda RK, Cross J, Donald AE, Taylor M, Vallance P, Deanfield JE, MacAllister
RJ. Heterogenous nature of flow-mediated dilatation in human conduit arteries in vivo:
Relevance to endothelial dysfunction in hypercholesterolemia. Circ Res. 2001;88:145–151.

17.

Matsuzawa Y, Kwon TG, Lennon RJ, Lerman LO, Lerman A. Prognostic value of flow-mediated
vasodilation in brachial artery and fingertip artery for cardiovascular events: A systematic
review and meta-analysis. J Am Heart Assoc. 2015;4:1–15.

18.

Quinaglia T, Matos-Souza JR, Feinstein SB, Sposito AC. Flow-mediated dilation: An evolving
method. Atherosclerosis. 2015;241:143–144.

19.

Raitakari OT, Celermajer DS. Flow-mediated dilatation. Br J Clin Pharmacol. 2000;50:397–404.

20.

Kolkailah AA, Alreshq RS, Muhammed AM, Zahran ME, Anas El-Wegoud M, Nabhan AF.
Transradial versus transfemoral approach for diagnostic coronary angiography and
percutaneous coronary intervention in people with coronary artery disease. Cochrane

Disclaimer : As a public service to our readership, this article -- peer reviewed by the Editors of EuroIntervention - has been published
immediately upon acceptance as it was received. The content of this article is the sole responsibility of the authors, and not that of the
journal

Database of Systematic Reviews. 2018;4:1-129
21.

Gul B, Stolar M, Stair B, Hermany P, Willis S, Mena-Hurtado C, Attaran R. Comparison of
procedural success between two radial sheaths. Herz. 2018: doi: 10.1007/s00059-018-47071.

22.

Michael TT, Alomar M, Papayannis A, Mogabgab O, Patel VG, Rangan B V., Luna M, Hastings
JL, Grodin J, Abdullah S, Banerjee S, Brilakis ES. A randomized comparison of the transradial
and transfemoral approaches for coronary artery bypass graft angiography and intervention:
The RADIAL-CABG Trial (RADIAL versus femoral access for coronary artery bypass graft
angiography and intervention). JACC Cardiovasc Interv. 2013;11:1138-1144

23.

Kwok CS, Rashid M, Fraser D, Nolan J, Mamas M. Intra-arterial vasodilators to prevent radial
artery spasm: A systematic review and pooled analysis of clinical studies. Cardiovasc
Revascularization Med. 2015;16:484–490.

24.

Rashid M, Kwok CS, Pancholy S, Chugh S, Kedev SA, Bernat I, Ratib K, Large A, Fraser D, Nolan
J, Mamas MA. Radial artery occlusion after transradial interventions: A systematic review and
meta-analysis. J Am Heart Assoc. 2016;5:1–23.

Disclaimer : As a public service to our readership, this article -- peer reviewed by the Editors of EuroIntervention - has been published
immediately upon acceptance as it was received. The content of this article is the sole responsibility of the authors, and not that of the
journal

Figures: Titles and legends
Figure 1: Flow chart illustrating the randomization and exclusion of participants in the trial
Figure 2: Cannulation failure rates
Figure 2: Number of radial artery puncture attempts to cannulate the radial artery.
Figure 4: Correlation between the number of radial artery puncture attempts and radial artery
diameter
Figure 5: Number of puncture attempts in females and males
Figure 6: Cannulation failure rates in females and males
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APPENDIX
Addendum A:
The right (or left when this site was to be used) arm was placed on a custom designed radial artery
angiography support (STARBoard, Adept Medical, Auckland, New Zealand) with the palm facing
upward and the wrist in extension. Sterile drapes were placed for potential access to the right radial
artery and right femoral artery. The radial artery was palpated to identify a puncture site 2- 5cm
from the styloid process. The puncture site was infiltrated with 2% lignocaine (0.5 to 1ml) delivered
as a subcutaneous bleb with a 2 ml syringe and 25-gauge needle). Radial artery access was gained
with the Radifocus Introducer II KIT (Terumo Corporation, New York, United States of America). This
includes a 20-gauge sheathed needle for the puncture. The needle is advanced at 450 until a flush of
blood is noted via the needle. The needle is then advanced through the artery, the needle removed
and the sheath carefully pulled back into the vessel to initiate pulsatile flow. A 0.025 hydrophilic
guide-wire (45 cm length) is then carefully advanced into the vessel ensuring that there is no
resistance. A small incision is made in the skin at the point of entry. The needle sheath is then
removed, and a 6*-French hydrophilic dilator and sheath advanced into the radial artery over the
guidewire. The dilator is removed and an anti-vasospastic cocktail, of 5mg verapamil and 200µg
nitroglycerine diluted to 10 ml with 0.9% sodium chloride, is then injected into the vessel via the
side-port. A standard J-tipped 0.032 guidewire is then inserted and the relevant catheter is guided
into the aortic root. Prior to engaging the coronary arteries 5000IU unfractionated heparin was
administered intravenously.
*Operators could use 5 French sheaths according to their discretion.
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Addendum B:
A “patent haemostasis” protocol was followed. On completion of the procedure the sheath was
withdrawn 4–5 cm and an inflatable plastic band (TR band, Terumo Corporation, New York, United
States of America) was placed around the forearm at the site of entry. The TR band was then inflated
with 15 ml of air as the sheath was removed. Air was slowly aspirated at 1ml increments from the TR
band bladder until a spot of bleeding was noted at the puncture site. Two ml of air were then added
and haemostasis confirmed. Once haemostasis was achieved, the band was left in place for 1 hour.
At one hour and again at two hours an additional 2ml of air were removed from the TR band and the
puncture site inspected to confirm that there was no bleeding. At three hours this was repeated
with 4 ml of air being removed. If no bleeding occurred the TR band was removed.
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