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Abstract

Over 1.5 years, 6 patients out of 50 (12%) who had catheterization via the radial approach, developed sterile
inflammation at their radial arterial access site. Symptoms of discomfort and inflammation were reported as
early as <24 hours to 5 days post arterial access. All initial ultrasounds documented complete (100%) ra-
dial artery occlusions. No particular/standardized treatment is available as of now regarding radial artery
occlusions that develop post-hospital discharge. After a tapered prednisone treatment for a 2-week duration,
repeat ultrasounds documented various degrees of flow restoration at the radial artery with complete symptom
resolution. Patients were followed up for 5 years and continued to be asymptomatic.
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Introduction

A well-known complication of cardiac catheterization is artery occlusion at the catheter insertion site. This can
be encountered when catheterization is done via the radial artery approach and is a benign condition known
as radial artery occlusion (RAO). The occlusion is caused by the thickening of the tunica intima layer of the
arterial wall. The thickening is believed to be caused by sterile inflammation in response to traumatic stimuli
[1]. Under these specific conditions, Prednisone, a widely available broad-spectrum anti-inflammatory thera-
peutic drug, was deemed an appropriate treatment to alleviate discomfort associated with inflammation, help
reduce intimal edema, and improve radial artery patency. Our report describes a treatment regimen consisting
of a short and tapered course of prednisone to restore radial arterial flow along with symptom relief.

J.of Card Vas Insights Vol:2.1, Pg:1



Research Article Open Access

Initial and Repeat Ultrasounds of Case J.M
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Figure 1: Case J.M. is a 39-year-old woman. (A) The ultrasound taken on the day of symptom onset which
shows the lack of blood flow and complete (100%) stenosis of the artery. (B) The ultrasound taken on day 14
(the day of the last dosage of treatment was

Methods

We studied 50 consecutive patients who underwent diagnostic radial coronary angiograms between 2014 and
2016 at a single PCI-capable hospital. 6 patients were identified with symptomatic radial artery occlusion. Pa-
tients had an initial ultrasound, followed by a clinical visit (2-4 weeks post-treatment), and a repeat ultrasound.
Between the two US studies, patients underwent a prednisone treatment that consisted of 40 mg daily for 1
week, followed by 20 mg daily for an additional week. To assess the effectiveness of the treatment we looked
at two areas of concern. The first is, how successful the prednisone treatment is at ceasing the symptoms of
RAO. Second, how effective the treatment is at restoring arterial patency. To analyze the data, we used basic
statistics to compare averages and means. Quantitative data are expressed as the mean = SD and comparing
averages and means, and qualitative data are presented as frequencies. Continuous variables were compared
by documenting the average occlusion rate at each clinical visit.

Case Series
6 patients between the years 2014 and 2016 experienced radial occlusion post-diagnostic heart catheterization
procedures.

For all 6 patients' arterial access was obtained in the right radial artery using either a 6Fr or a 5Fr sheath via
the Seldinger Technique. All 6 patients’ radial arteries were accessed using a single attempt.

Table 1: Clinical Characteristics of Study Patients

Age(yrs) 45.1 (12.6)
Gender
Female (%) 50%
Male (%) 50%
BSA (mA2) 2.2 (0.37)
History
Diabetes Mellitus 16.6%
Hypertension 33.3%
Smoking 83.3%
CAD 66.6%
Dyslipidemia 33.3%
FHx of cardiac implications 83.3%

Peri-Procedural antiplatelets

medication
Asprin 66.6%
Apixaban 33.3%
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Data are presented as the mean value + SD or number (%) of patients.

Once access was established, an intraarterial radial access cocktail compounded of 2.5mg of Verapamil, 200
ug of Nitroglycerin (NTG), and Heparin (dosage was based on patients' weight) was administered. Patients
under 75kg received 2500 units of Heparin while patients above 75kg received 3000 units of Heparin at the
outset of the angiogram. All 6 patients' blood loss was minimal (<5ml). As per hospital protocol, following
catheter removal, the patient was situated with a VASC Band at optimal pressure for 60 mins. After the initial
60 minutes, 2 cc of air was removed every 15 minutes until the VASC band was out of air. Patients were dis-
charged once no bleeding was confirmed and the patient was evaluated to be stable. All 6 angiographies were
performed without complications and patients were discharged the same day. The earliest symptom complaint
was recorded at < 24 hours post procedure and the latest 5 days post-procedure. Symptoms included pain at
the access site, forearm pain, and tenderness along the radial artery. No hand ischemia signs or symptoms were
encountered. Every patient was examined via an ultrasound and all 6 patients were found to have complete
(100%) radial occlusion at the right artery due to intimal edema and no intraluminal thrombus was detect-
ed. Patients were prescribed a tapered course of steroids. 5 patients were instructed to orally take 40mg of
Prednisone daily for 7 days followed by 20mg of Prednisone daily for an additional 7 days. That is a total of
420mg of Prednisone over a 14-day period. 1 out of the 6 patients' regimen was altered due to experiencing a
side effect which was documented as “jitteriness” post taking 40mg of prednisone for 2 days. This patient was
instructed to orally take 10mg of Prednisone daily for 5 days followed by Smg of Prednisone daily for anoth-
er 7 days. Post-completion of the assigned treatment, patients reported total symptom relief and ultrasounds
showed various levels of arterial flow restoration.

Table 2: Procedural Characteristics

Procedural and Angiographic
Characteristics

Right Radial Access Site 100%
Number of Attempts 1(0)
Arterial Access Time (min) 29.3(8.1)
Fluoroscopy Time (min) 6.1(2.9)
Contrast Volume (ml) 49.6(16.5)
Percutaneous Access Technique

Seldinger Technique 100%

Procedure Sedation
Versed (2mg) 100%
Fentnayl (S0ug) 100%

Intraprocedural Medications
Intraarterial Radial Access Cocktail

Verapamil (2.5mg), Nitroglycerin (200 33.3%
ug ), Heparin (2500 units)
Verapamil (2.5mg), Nitroglycerin (200 66.7%

ug ), Heparin (3000 units)

Blood Loss
Minimal (<Sml) 100%
Sheath Type
6Fr Sheath 83.3%
SFr Sheath 16.7%

Catheterization Catheter Type

SFr Jacky 50%

5FrTIG 4.0 50%
Hemostasis Device Type

VASC Band 100%
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Data are presented as the mean value £ SD or number (%) of patients.

Results

A total of 6 complete RAOs were found on ultrasound (incidence 12%) out of 50 patients who underwent
coronary angiographies. These 6 patients were all treated with a tapered course of prednisone. All 6 patients
reported complete symptom relief and follow-up ultrasounds documented various levels of radial atrial flow.

1 of the repeat ultrasounds reported moderate stenosis of the artery (65% occlusion), 2 ultrasounds reported
mild stenosis of the artery (<49% occlusion), 2 ultrasounds reported no stenosis (0% occlusion), and 1 patient
did not get a repeat ultrasound but reported no symptoms. The 6 patients were monitored for 5 years via year-
ly clinical rechecks, and all 6 patients did not have further complaints or complications with the noted radial
artery.

Incidence of Radial Artery Occlusion

Degree of Radial Occlusion per Ultra Sound findings
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*Indicates that the patient did not get a repeat/final US.

Figure 2:compares the degree of radial occlusion at the initial US versus the final US. *Indicates that the pa-
tient did not get a repeat/final US.
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Mean Radial Occlusion per Ultrasound
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Figure 3: Average Percent (%) of occlusion per US

Clinical Symptoms Monitoring Over 5 Year Period
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Figure 4: Percent (%) of patients reporting clinical symptoms at the initial clinical visit (day 1), follow-up visit
(14 days), and the final visit at 5 years.

Discussion

Early years of cardiac catheterization procedures mostly involved accessing the brachial artery via a cutdown
approach [2]. While stability was promptly achieved, the access technique was time-consuming, and compli-
cations resulting in thrombosis were relatively frequent. In due course, percutaneous access via the femoral
artery became the standard approach. Access through the femoral artery was faster and allowed for the use of
larger catheters. Despite its extensive standardization, femoral access came with an array of complications.
Major complications included bleeding and minor ones ranging from discomfort associated with compression
of the puncture, being positioned in the supine position for hours, to urinary retention [2]. In view of this,
access at the radial artery emerged to be a useful site for arterial access. Abundant data support the use of the
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radial artery as an access site and complications as-
sociated with the approach are documented to be
unequivocally low [3,4]. Additionally, transradial
catheterization permits early ambulation and short-
er hospital stays, consequently reducing cost-of-stay

[5].

Despite the overall low complication rates, a known
complication is radial artery occlusion (RAO) [6].
RAOs start with damage to the arterial wall from
arterial access as well as during manipulations
throughout the procedure, which can lead to throm-
bus formation and/or thickening of the vessel wall.
It has also been shown that the inner diameter of the
radial artery decreases after transradial intervention

[7].

Though most radial artery occlusions are asympto-
matic, RAO should be prevented. Obstructed radial
artery restricts its use for future access and as con-
duits in the revascularization of coronary arteries via
bypass grafting. The major risk factor for RAO is
likely due to the smaller size of the artery in com-
parison to the femoral artery, the same characteristic
that accounts for radial access being considered safer
than femoral access [6].

Procedure-related risks for RAO are the use of hy-
drophilic sheaths, and the administration of lower
doses of heparin, which lowers the risk of bleeding
but increases the risk of occlusions [8,9]. The use
of hydrophilic-coated arterial sheaths increases the
risk of RAO because the coating can break down
and be deposited subcutaneously at the access site
during sheath insertion [10,11]. The use of heparin
has been found to prevent thrombus by acting as an
anticoagulant, inhibiting the formation of thrombin
in the circulatory system. Heparinization, at higher
doses, has been found to reduce the occurrence of
radial artery occlusion given that there is a suspicion
that thrombus formation may be the precursor of the
process leading to cessation of blood flow at the ra-
dial artery [9,12].

Modifiable patient-related risk factors that induce the
formation of RAO include diabetes mellitus, dyslipi-
demia, peripheral arterial disease, multivessel coro-
nary artery disease (CAD), and reduced renal func-
tion. Non-modifiable related risks include younger

age, female sex, lower BMI, radial artery diameter,
and previous catheterization. Amidst these factors,
some factors could be altered over the years through
lifestyle changes and pharmacological interventions.
Whereas previous radial artery cannulation is an un-
modifiable risk factor. Unfortunately, repeated radi-
al cannulation leads to intimal hyperplasia and inti-
ma-media thickening, resulting in reduced lumen
diameter [13,14].

Contrary, hypertension has been suggested to exert a
protective effect against RAO, by inducing a hyper-
dynamic state within the arterial lumen, leading to the
gradual reopening of the occluded portion of the ar-

tery [15].

If RAO is diagnosed prior to hospital discharge, the
ipsilateral compression of the ulnar artery for about
an hour may be an effective technique to regain the
artery’s patency. This method is associated with an
increase in radial blood flow, thereby initiating the re-
lease of vasodilator mediators [16].

Given that the known method for restoring blood flow
of the radial artery after hospital discharge can be in-
terventionally achieved from a proximal part of the
forearm, where the pulse is still palpated. This method
is used when the RAO is caused by thrombus forma-
tion. The thrombi from the radial artery may be as-
pirated via a balloon dilation and drilling technique
[17].

As previously mentioned, there are no known pharma-
cological interventions for RAO.

Based on the findings of the patients' initial ultra-
sounds, edema of the inner layers of the radial artery
was documented along with the absence of blood
clots. Sterile inflammation is hypothesized to be the
pathophysiologic mechanism. Given this diagnosis,
the use of a corticosteroid was postulated, specifically
prednisone, in lieu of inhibiting the inflammation and
subsequently improving the patency of the artery.

Prednisone is a synthetic derivative of cortisone, an
anti-inflammatory glucocorticoid. Prednisone is me-
tabolized in the liver and converted to Prednisolone.
The FDA identifies Prednisone as an anti-inflammato-
ry or immunosuppressive agent used to treat a broad
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range of diseases. It works on the immune system to
help relieve swelling, redness, itching, and allergic
reactions [18]. Prednisone decreases inflammation
by suppressing the migration of polymorphonuclear
leukocytes to areas of trauma. Prednisone is a cheap,
widely available, and well-known drug to most phy-
sicians.

The greatest benefit of this regimen seems to be the
symptomatic relief which began within the first day
of starting the treatment and symptoms did not recur
after the completion of the treatment. 5 out of the 6
patients also had US proof of restoration of blood
flow at the radial artery. No recurrence of symptoms
was reported for up to 5 years post-therapeutic inter-
vention.

Our relatively high (12%) rate of RAO could be ex-
plained by the type of sheaths and dose of heparin
used at the time. Since then, the hospital protocol has
changed to use a Terumo GLIDESHEATH SLEN-
DER® Hydrophilic Coated Introducer Sheaths as
well as administering at least 3000 units of heparin at
the start of the procedure regardless of the weight of
the patient. We have had only one symptomatic RAO
for the next 1 year after implementing these changes.
Limitations of the study are the small sample size,
lack of a placebo arm, and the use of a single dose
strength regimen.

We suggest this treatment plan be carried out on a
larger sample size. We recommend a randomized,
placebo-controlled trial using several different
strengths of prednisone.

Conclusion

A short-term tapered course of prednisone was ef-
fective in cases of symptomatic RAO (radial artery
occlusion) post heart catheterization in alleviating
symptoms and improving the patency of the radial
artery in the short (14 days) and medium to long-
term (1 month to 5 years) follow up.
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