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Cardiovascular Topics

Periprocedural intermittent contralateral arm ischaemia
facilitates radial artery puncture and prevents radial
artery spasm
Ahmet Korkmaz, Can Ozkan, Ozgul Ucar Elalmis, Umit Guray

Abstract
Background: Transradial access (TRA) is a common
technique used for diagnostic and interventional cardiac
procedures. However, there are some challenges and risks of
complications. This study aimed to evaluate the impact of
periprocedural intermittent ischaemia of the contralateral
arm on TRA and radial artery spasm.
Methods: We enrolled 80 patients with an indication for
coronary angiography between December 2017 and June
2018. The patients were randomly grouped into two cohorts:
intermittent contralateral arm ischaemia (n = 40) and control
(n = 40) groups.
Results: The radial artery puncture success ratio was higher
in the intermittent contralateral arm ischaemia group than
in the control group (p = 0.025). In multivariable logistic
regression analysis, intermittent contralateral arm ischaemia
was significantly associated with radial artery puncture success
(hazard ratio: 8.261, 95% confidence interval: 1.427–47.823,
p = 0.018).
Conclusion: Periprocedural intermittent contralateral arm
ischaemia increased the radial intervention success due to
the remote ischaemic preconditioning, vasodilator factors and
autonomic nervous system role.
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Transradial access (TRA) is a common technique used for
diagnostic and interventional cardiac procedures. It has become
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the primary access for coronary interventions. Recent studies
showed that TRA is related to reduced morbidity and mortality
rates.1,2

Although TRA provides many advantages for operators, there
are some challenges and risks of complications. The radial artery
tends to have more spasms and occlusions than other peripheral
arteries. Repetitive failed punctures could result in radial artery
spasm (RAS) during the procedure or radial artery occlusion,
pain and discomfort after the procedure.3

It is possible to prevent RAS with some precautions: injection
of spasmolytic drugs, radial artery-friendly sheaths, catheters
or guidewires, hand exercises, and warming and flow-mediated
dilatation (FMD).4,5 Prevention of RAS is essential for optimal
cannulation and reduction of complications.

FMD, which is also used as a diagnostic tool to assess
endothelial function, is a physiological response.6 In similar
physiology to FMD, the creation of temporary ischaemia in
the contralateral arm could help us vasodilate the radial artery
for puncture.7 This study aimed to evaluate the impact of
periprocedural intermittent ischaemia of the contralateral arm
on TRA and RAS.

Methods
We enrolled 80 patients with an indication for coronary
angiography between December 2017 and June 2018. Detailed
baseline demographics were recorded.

The exclusion criteria were admission with an acute coronary
syndrome, severe heart failure, haemodynamic instability,
uncontrolled hypertension or diabetes, previous radial access-
site failure, hypersensitivity to lidocaine, and coronary artery
bypass surgery. The patients were randomly placed in two
groups: intermittent contralateral arm ischaemia (group 1, n =
40) and control (group 2, n = 40).

All participants signed the written informed consent. The local
ethics committee approved the study as per the Declaration of
Helsinki.

All patients underwent radial artery ultrasound before
catheterisation. The radial artery was measured using B-
mode ultrasound (Mindray M7 system, Mindray Medical
International Limited, Shenzhen, PRC) using a 7L4s linear probe
(5–10 MHz) before the procedure. The radial artery was located,
and radial artery internal diameters were measured 3–5 cm
proximal to the styloid process.
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Five millilitres of 1% lidocaine were subcutaneously injected
for local anaesthesia. Then, an experienced cardiologist
performed radial artery puncture with a 20-gauge needle,
using standard methods. All patients received unfractionated
heparin and an intra-arterial spasmolytic cocktail, which
included 2.5 mg diltiazem and 200 μg nitroglycerine. Diagnostic
procedures and percutaneous coronary interventions (PCI) were
performed using 6Fr hydrophilic sheaths.

In the intermittent ischaemia group, ischaemia was induced
by inflating a 13.5-cm-wide blood pressure cuff placed around
the upper part of the arm. The cuff was inflated to 200 mmHg
for five minutes (ischaemia), followed by a five-minute deflation.
Complete occlusion was confirmed with palpitation of the radial
artery after inflation. As described in a previous study, the
inflation/deflation cycle was performed three times.7 The number
of puncture attempts, success or failure of cannulation, and
occurrence of RAS were recorded.

The number of radial artery puncture attempts was defined
as the number of forwarding movements of the cannula to
cannulate the radial artery. The study endpoint was puncture
success, defined as successful puncture at the first attempt.

Statistical analysis
SPSS 21.0 for Windows (IBM SPSS Inc, Chicago, IL, USA) was
used for statistical analysis. Continuous variables are expressed
as means ± standard deviation and categorical variables as
numbers and percentages. The Kolmogorov–Smirnov test was
used to test the normality of distribution. Parametric and
non-parametric continuous variables were compared using the
Student’s t-test and Mann–Whitney U-test. Differences between
treatment groups for categorical variables were analysed using
the chi-square test. Logistic regression was used for multivariate
analysis of success predictors of radial artery puncture. A p-value
less than 0.05 was accepted to indicate a statistically significant
difference.

Results
Eighty patients were enrolled in the study, and 40 patients in
each group were randomised to intermittent contralateral arm
ischaemia (group 1) and the control group (group 2). Baseline
demographic and clinical features are given in Table 1. The mean
age of the participants was 61 ± 11 years and 70% were male.

Basal characteristics were similar in the two groups. There
were also no significant differences in radial artery diameters
before intervention between the groups [2.21 mm (2.0–2.70) for
group 1 and 2.40 mm (2.1–2.7) for group 2, p = 0.301].

The radial artery puncture success ratio was higher in group 1
than in group 2 (p = 0.025) (Table 1). In multivariable logistic
regression analysis, intermittent contralateral arm ischaemia
was significantly associated with radial artery puncture success
[hazard ratio (HR): 8.261, 95% confidence (CI): 1.427–47.823,
p = 0.018)] (Table 2).

Discussion
This study showed that intermittent contralateral arm ischaemia
improved radial artery access success with reduced puncture
attempts and decreased cannulation failure.

Failure of TRA is highly variable between centres, with
rates up to 10% reported in different trials.1 Previous studies

Table 1. Baseline characteristics and laboratory parameters
of the study patients according to intermittent contralateral

arm ischaemia

Variables No arm ischaemia Arm ischaemia p-value
Age (years) median

(min–max)
61.2 (53–65) 64.5 (58–67) 0.089

BMI (kg/m2) (mean ± SD) 24.6 ± 4.9 25.0 ± 5.0 0.535
Creatinine (μmol/l) median

(min–max)
79.58 (74.27–99.03) 90.19 (79.58–109.64) 0.069

Haemoglobin (μmol/l)
(mean ± SD)

8.56 ± 1.42 8.69 ± 1.3 0.235

Radial diameter (mm)
median (min–max)

2.21 (2.0–2.70) 2.40 (2.09–2.68) 0.301

Smoking, n (%) 17 (43) 18 (45) 1
HT, n (%) 20 (50) 27 (68) 0.173
HL, n (%) 19 (48) 13 (33) 0.254
DM, n (%) 8 (20) 16 (40) 0.087
CAD, n (%) 16 (40) 20 (50) 0.5
RAAS blocker, n (%) 20 (50) 26 (65) 0.215
BB, n (%) 26 (65) 27 (68) 1
CCB, n (%) 7 (18) 9 (23) 0.781
ASA, n (%) 27 (68) 34 (85) 0.114
P2Y12 inhibitors, n (%) 5 (13) 6 (15) 1
Right arm, n (%) 33 (83) 27 (68) 0.196
Puncture success, n (%) 30 (75) 38 (95) 0.025*

Number of puncture
attempts
1 30 (75) 38 (95) 0.031*

2 6 (15) 2 (5)
3 or more 4 (10) 0 (0)

Successful cannulation 38 (95) 40 (100) 0.152
Radial artery stenosis 6 (15) 3 (7.5) 0.288

ASA: acetyl salicylic acid, BB: beta-blocker, BMI: body mass index, CAD:
coronary artery disease, CCB: calcium channel blocker, DM: diabetes
mellitus, HT: hypertension, HL: hyperlipidaemia, RAAS: renin–angiotensin–
aldosterone system.
*p < 0.05

determined female gender, small radial arteries, radial artery
anomaly, hypertension, diabetes mellitus, dyslipidaemia and
inexperienced operator as risk factors for difficult access to the
radial artery. It is reported that these factors result in radial artery
spasms or occlusion.8,9

Many approaches are used, such as different spasmolytic
drugs, subcutaneous and topical medications, various sheaths,
catheters and guidewires, hand exercises and hand warming,
to deal with RAS and facilitate radial artery cannulation.4,5,10

In addition to these manipulations, our study showed that
intermittent periprocedural contralateral arm ischaemia
effectively increased the success of radial artery puncture
and access.

Several studies aimed to develop a preventative method
against RAS for the transradial approach. In one of the studies
carried out for this purpose, Ying et al. demonstrated their

Table 2. Multivariable logistic regression analysis of the
association between radial puncture success and variables

in the study patients

Variables Odds ratio 95% CI p-value
Age 0.970 0.901–1.044 0.411
Creatinine 7.467 0.206–28.346 0.270
Diabetes mellitus 0.535 0.120–2.378 0.411
Intermittent arm ischaemia 8.261 1.427–47.823 0.018*

*p < 0.05
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success in resolving radial artery spasms during PCI by inflating
the sphygmomanometer cuff for five minutes on the upper arm.11

In another study, researchers found that prolonged occlusion
FMD was used to dilate the radial artery. It was related to
increased cannulation success, reduction of puncture attempts
and complications.12 Similarly, Pancholy et al. presented two
successful cases using FMD to remove an entrapped radial
sheath after PCI due to severe radial spasm after other treatment
failures.13

FMD was established in these studies using local ischaemic
preconditioning. Remote ischaemic preconditioning (RIPC) is
another promising form of ischaemic preconditioning. It has a
more complicated mechanism, including circulating factors such
as adenosine, bradykinin and kinase pathways.14 In this trial, we
applied the RIPC by using the intermittent contralateral arm
ischaemia technique and evaluated its effects on radial artery
puncture.

Evaluation of RIPC was done in two previous studies.
These studies showed that RIPC prevented radial artery
endothelial dysfunction, and intermittent arm ischaemia induced
vasodilatation of the contralateral upper limb.7,15 RIPC is an
approach that aims to provide a brief ischaemic event in one
region or organ for the protection of distant tissue or organs from
a sustained event of ischaemia.15,16

The mechanism of RIPC is not precise. However, there
are several hypotheses. Humoral factors, such as adenosine,
bradykinin and nitric oxide could be some of the possible
mechanisms of RIPC.17 Recent trials have shown a relationship
between the autonomic nervous system and RIPC via increasing
parasympathetic activity.15,18 We believe that these mechanisms
could explain our significant results.

Our study has some limitations. First, the study was designed
as a single-centre study, so it had a relatively small population,
and further investigation is needed. Second, even if the radial
artery was evaluated before the procedure in all patients,
puncture of the radial artery is routinely based on the operators’
palpation. Therefore, operator bias based on experience with
the transradial approach cannot be excluded completely. Third,
our study did not assess the direct relationship between brachial
artery dilatation and parasympathetic nerve activity stimulated
by intermittent arm ischaemia.

Conclusion
Periprocedural intermittent contralateral arm ischaemia
increased radial interventional success due to RIPC, vasodilatory
factors and autonomic nervous system role.
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