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Preface

The secret of change is to focus all of your energy, not on fighting the old, but building on 
the new. – Socrates (470–399BC)

If I had asked the public what they wanted, they would have said a faster horse. – Henry Ford

When I think about the evolution of transradial access in interventional radiol-
ogy, I often remind myself how long it took for the cardiology community to fully 
adopt this technique and the many obstacles along the way. Since we performed our 
first chemoembolization from the radial artery in 2012, the hope was that we could 
learn from prior successes and failures and move forward rapidly in a thoughtful 
and energetic way. Since then, the technique has rapidly evolved and improved, and 
has become the preferred arterial access point in our center and many other centers 
around the world. In many ways, we have learned a lot from the pioneers before us 
in this space like Lucien Campeau and Ferdinand Kiemeneji. In other ways, much 
of our knowledge was gained via diligence, creativity, trial and error, and a constant 
desire to innovate. As we did this, our medical device industry partners watched and 
listened. New devices were developed. We tried new things together. We had some 
failures but many more successes. The true beneficiaries of these collaborative 
efforts are our patients. Transradial access has been shown to be safe, cost effective, 
technically feasible even in dire circumstances, and more comfortable for patients. 
There are many among us that are satisfied with the status quo and don’t see any 
need to change or deviate from the current path (see Henry Ford’s quote above). 
That’s OK to a point, but then we need to remember who we are and where we came 
from. We trained to think outside the box. We trained to innovate. We trained to 
advance minimally invasive intervention to improve the lives of our patients. This 
book represents almost a decade of experience in the world of transradial access in 
interventional radiology. It is our hope that you use what is written in this book as a 
guide in your career-long exploration of what is possible.

New York, NY, USA Aaron M. Fischman  
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Chapter 1
The Advent of Transradial Interventions: 
An Overview

Chidubem Ugwueze and Aaron M. Fischman

Abbreviations

CABG Coronary arterial bypass graft
CAD Coronary arterial disease
ESC European Society of Cardiology
PCI Percutaneous coronary interventions
PTCA Percutaneous transluminal coronary angioplasty
TCT Transcatheter Cardiovascular Therapeutics
TRA Transradial
TREAT TransRadial Endovascular Advanced Therapies
TRI Percutaneous transradial interventions

 Historical Highlights of Transradial Artery Catheterization

• 1947: Dr. Radner performs first transradial artery catheterization by surgical 
exposure and ligation of the artery for thoracic aortography.

• 1964: Campeau and Bourassa began using distal radial arteriotomy to perform 
coronary angiography.

• 1989: Campeau publishes his series of 100 coronary angiograms using a percu-
taneous access of the distal radial artery using a 5F sheath.
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• 1992: Masaki Otaki applies percutaneous transradial coronary angiography in 
Japanese patients.

• 1992: Kiemeneij performs first percutaneous transradial coronary balloon 
angioplasty.

• 1994: Fajadet performs first transradial intervention live streaming from Toulouse 
to the Transcatheter Cardiovascular Therapeutics conference in Washington.

• 1999: First noncoronary transradial cases performed in Japan.
• 2013 and 2015 ESC consensus statement making the transradial approach the 

standard of care for percutaneous coronary interventions.
• 2014: First Annual TransRadial Endovascular Advanced Therapies (TREAT) 

Conference.
• 2016: A review of 1500 transradial noncoronary cases performed at the Mount 

Sinai Hospital is published.

 Preamble

The history of intravascular access is a story of persistent endeavor by clinicians to 
apply the newest techniques in improving the lives of their patients. These applica-
tions of new techniques have meant safer and more minimally invasive routes for 
entering the arterial system to perform diagnostic and interventional procedures. 
Over the course of the last quarter century, percutaneous vascular access via the 
radial artery has emerged as a standard for arterial access proliferating and contribut-
ing enormously to improvements in quality of life and decreased procedural compli-
cation and mortality rates. These advancements are a result of nonlinear incremental 
technical and clinical refinements that made percutaneous transradial access the stan-
dard for percutaneous coronary interventions in many countries. Interest in a transra-
dial approach was present early in the development of the fields of interventional 
radiology and cardiology. For instance, in 1947, Stig Radner performed an intracra-
nial angiography via the radial artery at Lund University, Sweden. Dr. Charles 
Dotter’s method for nonselective coronary angiography published in 1958 was per-
formed via radial access. The next documented successful applications of transradial 
access in clinical practice were in 1989 by Lucien Campeau at the Montreal Heart 
Institute. Prior to Campeau’s 1989 report, this technique was obscure and underuti-
lized. This chapter attempts to delineate the steps that led from early enthusiasm 
during the founding of Interventional Cardiology and Interventional Radiology to the 
eventual increasing prevalence of transradial interventions in both fields.

 Origins of Transradial Approach

In March 1947, Stig Radner performed the first radial artery access procedure, via 
surgical exposure, for intracranial angiography by injecting contrast into the verte-
bral artery [1]. He repeated this technique in a series of patients for thoracic 
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aortography in 1948 [2]. It is striking that Radner’s first intracranial angiography 
attempt was reportedly performed on himself [3]. He was definitely a pioneer way 
ahead of his time. However, because of the technical difficulties, risks, and time 
consumption inherent in performing arterial catheterization by surgical exposure 
(Fig. 1.1) followed by surgical ligation or suturing of the vessel, other innovators 
sought percutaneous catheterization, introducing a catheter into the blood vessel 
through the skin via needle stick, as an alternative to surgical cutdowns. In 1949, 
Gunnar Jonsson, a Swedish radiologist, performed the first percutaneous thoracic 
aortography when he cannulated the common carotid artery using trocar technique, 
entering the artery with a blunt cannula and a sharp inner needle. The procedure was 
prematurely aborted because the operator feared that the blunt and inflexible can-
nula would damage the aortic wall [4]. A year later the availability of flexible thin-
walled polyethylene tubes made percutaneous access more feasible [5]. In 1951, 
two groups performed percutaneous arterial catheterization using these more flexi-
ble tubes, Peirce into the femoral artery for aortography and Donald, Kesmodel, 
Rollins, and Paddison into the common carotid artery for cerebral angiography [6, 
7]. These subsequent percutaneous catheterizations were performed by passing the 
polyethylene tube through large bore needles. Despite the breakthrough, this method 
was unreliable and carried a significant risk of access site hemorrhage given that the 
needle puncture was larger than the polyethylene tube caliber. Thus, in 1953, Sven 
Seldinger, then a second year radiology resident, solved this problem by replacing 
the needle with the same size catheter using a metal leader, now referred to as guide-
wires [8].

Despite the introduction of the Seldinger technique, use of a percutaneous tran-
sradial approach (Fig. 1.2) remained limited because vascular catheters at the time 
were still relatively too large and inflexible to be accommodated in the smaller 

Fig. 1.1 Representation of 
surgical exposure of the 
radial artery. Encircled is 
the arteriotomy that allows 
for vascular access. 
(Illustration by Chidubem 
Ugwueze)

1 The Advent of Transradial Interventions: An Overview
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caliber of the artery. In 1964 Campeau and Bourassa, at the Montreal Heart Institute, 
began accessing the distal radial artery, inserting 7F catheters via surgical exposure 
for coronary angiography [9]. Besides this, 1947 through 1989 was otherwise void 
of documented advances or increased prevalence of transradial procedures. During 
this same time frame, the more accommodating caliber of the femoral arteries facili-
tated a proliferation in percutaneous transfemoral coronary angiography and 
interventions.

Coronary angiography was first performed in 1958 when F Mason Sones, a car-
diologist at the Cleveland Clinic, fortuitously cannulated the ostia of the right coro-
nary artery and selectively opacified the vessel via a distal brachial arteriotomy [10]. 
At the time of Sones’ serendipitous discovery, there were multiple other investiga-
tors attempting different non-selective methods of aortic root injections to opacify 
the coronary arteries. One of these investigators was Dr. Charles Dotter, the father 
of interventional radiology. He published his occlusive aortography method for 
coronary arteriography in 1958. Dotter’s aortic root injection method, and those of 
Lehman et al. and Richard and Thal, was deemed to carry additional risks without 
the optimal visualization achieved by Sones’ selective cannulation. Hence, Sones’ 
selective method became the standard [11–14, 15].

Ricketts and Abrams performed the first percutaneous transfemoral coronary 
angiography in 1961 [16]. However, it was the independent and parallel work done 
by radiologists Dr. Judkins and Dr. Amplatz on preshaped catheters that truly facili-
tated the dissemination of the coronary angiography as a diagnostic technique 
throughout the radiology and cardiology world [17, 18]. This is because preshaped 
catheters made engaging coronary arterial ostia much easier, reducing the technical 
difficulty and amount of training required to achieve proficiency in the procedure.

Fig. 1.2 Representation of percutaneous needle access of the radial artery (Illustration by Dr. 
Chidubem Ugwueze)

C. Ugwueze and A. M. Fischman
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The diagnostic prowess of coronary angiography had a transformative impact 
on the evaluation and treatment of coronary arterial disease (CAD). It served as 
an effective roadmap and stimulus for significant innovation in the surgical and 
percutaneous treatment of CAD. Sones’ early coronary angiographic studies 
demonstrated that the internal mammary implant used in the Vineberg proce-
dure, the surgical procedure at the time aimed at alleviating the symptoms of 
CAD, was grossly inadequate. A series of postoperative coronary arteriography 
performed 1 year after the procedure demonstrated collateral flow to the isch-
emic myocardium in only 54% of the cases studied [14, 19]. This discovery 
played a role in motivating the subsequent development of the Coronary Arterial 
Bypass Graft (CABG) surgery by Dr. Rene Favaloro, also at the Cleveland Clinic 
[20]. Sones visualized the first patent aorto-coronary vein graft in 1967. The 
clinical success of Favaloro’s saphenous vein bypass graft (CABG) was so dra-
matic that by the early 1970s it had become the most common surgical procedure 
in the USA [14].

The 1970s was also very notable for the birth of percutaneous transluminal coro-
nary angioplasty (1977). Inspired by Dotter’s 1964 transluminal angioplasty for the 
treatment of atherosclerotic obstruction of the femoral artery, Dr. Andreas Gruentzig, 
a German radiologist and father of interventional cardiology, performed the first 
percutaneous transluminal coronary angioplasty (PTCA) in 1977 [21–23]. This was 
the spark that created the field of interventional cardiology and later made percuta-
neous coronary interventions (PCIs) a standard intervention for CAD. It began by 
establishing coronary angioplasty as a credible alternative to coronary arterial 
bypass grafting. The evolution of percutaneous coronary stenting and resultant 
improvement in long-term efficacy allowed for PCI to make this big leap.

 Development and Acceptance of Transradial Approach 
in Interventional Cardiology

Transfemoral coronary artery stent placement raised the question of how to safely 
remove the large bore catheter from the groin access site without significant hemor-
rhage. This dilemma was notably more complicated than coronary angiography or 
angioplasty because of the need for anticoagulation/antiplatelet therapy to prevent 
the newly deployed coronary arterial stent from thrombosing. Despite valiant efforts 
by both the patient (prolonged immobilization and hospital stays) and physician 
(dosing medications, monitoring INR and aPTT, and timing access sheath removal), 
there was a significant high rate of femoral bleeding complications [24]. Hence, 
when Dr. Lucien Campeau published his series of 100 percutaneous coronary angi-
ography using the distal radial artery in 1989, a fellow cardiologist, Dr. Kiemeneij, 
saw transradial’s value; the shallow path of the radial artery made it easily com-
pressible and the dual blood supply to the hand, for potentially reducing bleeding 
risk and post procedural complications. In the early 1990s, when catheters small 
enough to facilitate a radial approach became available, Dr. Kiemeneij began using 

1 The Advent of Transradial Interventions: An Overview
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a 6F radial access system for PCI at his hospital, the Onze Lieve Vrouwe Gasthuis 
(OLVG) in Amsterdam.

In August 1992, Dr. Kiemeneij performed the first transradial PCI, a coronary 
balloon angioplasty, shortly followed by a percutaneous transradial coronary stent 
placement in 1993 [25]. He first presented his work on transradial PCI as a poster 
presentation at the American Heart Association (AHA) conference in 1993. 
Conference attendees were intrigued. Nevertheless, the perceived technical diffi-
culty and novelty of the approach proved to be too much of a barrier for a significant 
number of early enthusiastic adopters at the time. One early adopter made a huge 
difference. With Dr. Kiemeneij’s permission and guidance, Dr. Fajadet live-streamed 
a percutaneous transradial coronary intervention from his hospital in Toulouse to 
the 1994 Transcatheter Cardiovascular Therapeutics (TCT) conference in 
Washington [24]. When thousands of interventional cardiologists in the audience 
witnessed the patient walk out of the Cath lab immediately after the procedure, 
there was thunderous applause. This live-streamed demonstration provided interna-
tional exposure that caused practitioners in several countries to adopt the transradial 
approach. Percutaneous transradial interventions then transitioned from being 
championed by one center, Dr. Kiemeneij’s OLVG, to multiple centers all around 
the world.

Increasing adoption of percutaneous transradial interventions (TRI) provided 
ample data demonstrating that TRI was delivering on its promise. Papers published 
from 1992 to 1997 showed reduced rates of major access site bleeding resulting in 
less mortality, increased patient comfort, and decreased costs [24]. The ACCESS 
study was the first randomized clinical trial showing the equivalence in clinical out-
comes between radial, brachial, and femoral access with less transradial access site 
complications [26]. The mounting evidence helped to overcome the reluctance many 
clinicians had to learn the newer radial approach. With increasing international 
adoption and cooperation with medical device companies, dedicated radial access 
puncture sets, sheaths, catheters, and hemostasis devices were created resulting in 
even better outcomes and lower threshold for clinicians to start a radial program.

With the turn of the millennium came a series of randomized clinical trials fur-
ther solidifying the superiority of the transradial approach in reducing bleeding risk 
and mortality rates; the MORTAL, RIVAL, RIFLE STEACS, and MATRIX studies 
[27–30]. This accumulation of evidence led the European Society of Cardiology 
(ESC) to declare the radial access the method of choice for coronary interventions 
first in 2013 and then affirmed as Class I Level B in 2015 [31]. The transradial 
approach had gone from obscure experiment to standard of care.

 The Evolution of Interventional Radiology and Its Adoption 
of the Transradial Approach

As alluded to above, the field of interventional radiology stemmed from Charles 
Dotter’s 1964 angioplasty of a stenosed femoral artery. Concurrent to Dotter’s 
breakthrough, Stanley Baum (a radiologist) and Moreye Nusbaum (a surgeon), at 
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the University of Pennsylvania, Philadelphia, pioneered catheter directed emboliza-
tion for treating acute gastrointestinal bleeding [32]. In 1970, Charles Dotter also 
reported controlling an acute upper gastrointestinal bleed by selective embolization 
using autologous clot as the embolic material [33]. Work by Dr. Tetsuro Kato, a 
Japanese urologist, further demonstrated the importance of embolic material. In 
1981, Kato’s work showed that delivering microcapsules containing chemothera-
peutic agents into tumor supplying arteries was superior to local intra-arterial injec-
tion of antitumor agents [34].

A partnership between Juan Parodi, a vascular surgeon, and Julio Palmaz, a radi-
ologist, which began at the 1988 TCT meeting in Washington DC eventually led to 
the first successful endovascular repair of an abdominal aortic aneurysm in 
September 1990 [33]. The Palmaz stent, a metal stent, was shortly approved for use 
in peripheral vessels in 1991. These embolic methods, stents, and stent-grafts, pio-
neered by Dotter, Kato, Parodi, and Palmaz, allowed for the proliferation of endo-
vascular diagnostic and therapeutic procedures to tamponade bleeds, deliver 
chemotherapy locally into tumors, restore the lumen of stenosed and dissected ves-
sels, exclude aneurysms, and close arteriovenous fistulas all throughout the body. 
Percutaneous transfemoral access was utilized for all these early noncoronary arte-
rial interventions.

The first noncoronary percutaneous TRAs were performed in Japan in 1999 [35, 
36]. However, uptake into interventional radiology practice was sluggish. By 2011, 
high volume cardiology clinics in Canada, Europe, and Asia were performing 95% 
of PCIs via the radial approach. In the USA, this number among interventional car-
diologists was a little more than 10% [37]. In the early 2000s, TRA was shown to 
be feasible and safe for treating peripheral arterial disease [38]. However, at that 
time, TRA was effectively absent in interventional radiology practices.

Utilizing the technique described in Japan, Dr. Aaron Fischman, an interven-
tional radiologist, performed the first chemoembolization in the USA using the tran-
sradial technique on April 19, 2012, at the Mount Sinai Hospital in New York [39]. 
Shortly thereafter, Dr. Marcelo Guimaraes also performed a TRA chemoemboliza-
tion in 2013 at the Medical University of South Carolina. Recognizing the signifi-
cant impact TRA could have on IR practice, in 2013, Dr. Fischman and Dr. Rahul 
Patel, and other Interventional Radiologists at the Mount Sinai Hospital, published 
a series of papers demonstrating the feasibility for TRA for uterine artery emboliza-
tion, prostate artery embolization, hepatic radioembolization, renal artery interven-
tions, peripheral vascular disease, and a call to action for other IRs to start utilizing 
the transradial access [40–43]. This was the beginning of the development of the 
largest TRA program in the USA for noncoronary interventions. It was felt at the 
time that education and training for TRA was severely lacking in the USA outside 
of major training programs performing TRA.  Teaching courses and workshops 
began popping up across the country as well as at national meetings such as Society 
of Interventional Radiology (SIR) in 2013. This was shortly followed by the inau-
gural annual TransRadial Endovascular Advanced Therapies (TREAT) conference 
in New York in 2014 dedicated specifically to noncoronary TRA interventions and 
live teaching cases. The largest single-center review of the feasibility of TRA for 
noncoronary interventions was published in 2016 with 1500 cases performed at the 
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Mount Sinai Hospital [44]. There is an accumulation of evidence at multiple centers 
demonstrating that the transradial approach is feasible and safe for noncoronary 
interventions with patients having a preference for TRA [45–48]. Similar to 
Kiemeneij’s experience at OLVG, TRA in Interventional Radiology is currently 
transitioning from a single center endeavor to being widely adopted in multiple 
centers in the USA.
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Chapter 2
Anatomy and Physical Exam

Matthew Tangel and Joseph J. Titano

 Brachial Artery Anatomy

The brachial artery is a continuation of the axillary artery, beginning at the lateral 
margin of the teres major muscle and coursing in the anteromedial aspect of the 
arm. Once it reaches the antecubital fossa, the brachial artery divides into the radial 
and ulnar arteries (Fig. 2.1).

It is helpful to be aware of some of the anatomic variants of the brachial artery in 
order to safely navigate a catheter to the thoracic aorta. The most common variant is 
a high origin of the radial artery from the brachial artery above the humeral 
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Fig. 2.1 Left upper extremity angiogram demonstrating normal brachial artery anatomy. The 
black arrow denotes the brachial artery. The white arrow denotes the profunda brachial artery
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intercondylar line, with an incidence of approximately 12%. Other, less common 
variants include a persistent superficial brachial artery, accessory brachial artery 
where there is duplication and it rejoins the distal brachial artery in the antecubital 
fossa, and brachial artery loops [1]. Variant arterial anatomy arising from the bra-
chial artery is listed in Table 2.1 (Fig. 2.2).

 Radial Artery Anatomy

The radial artery originates deep in the cubital fossa at the level of the radial tuber-
osity and continues along the lateral, volar aspect of the forearm. Only the fascia 
and skin overlie the radial artery in the lower third of the forearm, where it resides 
between the tendons of the brachioradialis and the flexor carpi radialis and is situ-
ated superficial to the pronator quadratus and radius. The inherent anatomy of the 
radial artery in the lower third of the forearm renders it an excellent access point 
for catheter-guided procedures: it is easy to palpate, superficial, and the underlying 

Table 2.1 Brachial artery variants and their frequency [1]

Brachial artery variants Frequency (%)

Radial artery origin from proximal brachial artery 12
Persistent superficial brachial artery 1–2
Ulnar artery origin from proximal radial artery 1–2
Accessory brachial artery 0.1
Common interosseous artery origin from proximal brachial 
artery

<0.1

Fig. 2.2 Brachial artery loop
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radius acts as a backdrop for effective compression to achieve hemostasis. Once 
the radial artery reaches the radial styloid process, it takes a turn dorsally and 
passes deep to the tendons of the extensor pollicis brevis and abductor pollicis 
longus in the anatomic snuff box [2]. This can also serve as a site for radial 
artery access.

There are several well-known anatomic variants of the radial artery, including 
aplasia or hypoplasia, partial duplication, and complete duplication; however, the 
most commonly encountered anatomic variant that alters the approach to navigating 
a catheter centrally is a radial artery loop [3]. Anatomic variants of the radial artery, 
excluding radial artery loops, are listed in Table 2.2 (Fig. 2.3).

Table 2.2 Radial artery variants and their frequency [1]

Radial artery variants Frequency (%)

High origin (both axillary and brachial) 14–17
Dorsal continuation 1
Partial duplication 0.8
Complete duplication 0.1
Aplasia or hypoplasia 0.1

a b

c

Fig. 2.3 (a) Radial artery loop. (b) This was successfully crossed with a 0.016″ wire. (c) Successful 
reduction of the loop once the catheter was advanced and back tension was applied
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 Blood Supply to the Hand

Blood supply to the hand arises from dual perfusion via the radial and ulnar arteries. 
These arteries form a complete anastomotic arcade via the deep and superficial pal-
mar arches to supply the hand. The radial artery is the dominant supply to the deep 
palmar arch, which gives rise to palmar metacarpal arteries that anastomose with the 
digital vessels. Specifically, the digital artery of the thumb (princeps pollicis) and of 
the radial side of the index finger (radialis indicis) originate separately from the 
deep palmar arch. The ulnar artery is the main supply to the superficial palmar arch, 
which gives rise to the common palmar digital arteries [2] (Fig. 2.4).

 Physical Exam

Perhaps the most important factor in determining whether a patient would be ame-
nable to radial artery access is assessing if the dual blood supply to the hand is 
intact. In some patients, the dominant or potentially only available arterial supply to 
the hand is via the radial artery. If the radial artery were to be accessed in these 
patients, they could be at risk for hand ischemia not only perioperatively, but in the 
postoperative period as well.

Fig. 2.4 Case where occlusion pressure applied to the radial artery resulted in poor flow to the 
radial aspect of the hand, specifically the thumb, index finger, and medial aspect of the third digit. 
This finding implies that the ulnar artery does not supply sufficient collateral flow to the deep 
palmar arch. Radial artery access in this patient may render them at risk for ischemia of the thumb 
and index finger

M. Tangel and J. J. Titano
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 Modified Allen Test

Traditionally, a modified Allen test was performed to ensure adequate perfusion to the 
hand. This test consists of simultaneously applying pressure to the radial and ulnar 
arteries until the hand turns a bluish hue. The ulnar artery compression is then released, 
and if the hand achieves a normal tone after several seconds, it implies that the ulnar 
artery is patent and the anastomotic arcade of the hand is intact; therefore, cannulation 
of the radial artery would not render the patient at risk for hand ischemia. One signifi-
cant caveat of the modified Allen test is it is very subjective in nature and is prone to 
false positive and false negative results [4]. It is because of these shortcomings that the 
Barbeau test is preferred to assess patients prior to radial artery cannulation [5].

 Barbeau Test

The Barbeau test constitutes placing a pulse oximeter to the ipsilateral thumb to get 
a baseline waveform, and subsequently applying occlusion pressure to the radial 
artery. The operator then observes the waveform for any changes in its amplitude. 
The changes in the waveform are assigned to a grading system that ranges from A 
to D. Each of these grades and their corresponding waveforms supply a wealth of 
information regarding the integrity of the anastomotic arcade of the hand and feasi-
bility for safe radial artery access [6] (Fig. 2.5).

Barbeau 
Grade

Waveform Interpretation

Compression 
start

After 2 
minutes

A
collaterals

B Dampening of the waveform with return to 
normal within 2 minutes. Indicates a good 
collateral network

C Complete loss of the waveform initially, with 
return to a 
Indicates poor collateralization, but still a 
candidate for radial artery access

D No waveform, even after 2 minutes. No 
collateral network is present. Radial artery 
access is contraindicated

Fig. 2.5 Barbeau waveforms and their significance
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 Sonographic Assessment of the Radial Artery

After the Barbeau test is completed, the radial artery should be investigated sono-
graphically. This is best performed using a linear array, high frequency transducer 
that will provide excellent resolution of superficial structures, such as the radial 
artery in the wrist [7]. The radial artery will appear as a structure with a round, thin 
echogenic wall that surrounds an anechoic center, has pulsatile vascular flow on 
color Doppler, and will produce a “triphasic” waveform on pulse Doppler related to 
rapid antegrade flow during systole, transient reversal of flow during early diastole, 
and return of slow antegrade flow during late diastole [8] (Fig. 2.6).

Many studies have been performed to assess the average diameter of the radial 
artery, and the consensus is in the vicinity of 2.3 ± 0.4 mm [9–11]. Ideally, the radial 
artery should measure greater than 2 mm to be able to accommodate many of the 
sheaths that are placed via radial artery access and reduce risk of stretching injury 
[12]. One way to help increase the diameter of the radial artery prior to access is to 
place a paste consisting of nitroglycerin and local anesthetic to the wrist to both 
maximally dilate the artery and also minimize pain. One study has demonstrated the 
effectiveness of this paste, where patients who had it applied had an increase in their 
radial artery cross-sectional diameter by on average 16.5 ± 4.2% [13].

Once the radial artery is identified, the ultrasound settings should be adjusted to 
achieve optimal visualization. The field depth should be adjusted so that only the 
radial artery and adjacent, relevant structures are visualized. Gain can be increased 
or decreased to help with differentiating fine anatomic details. The focal point 
should be adjusted to be at the level, or just deep to the radial artery. Optimizing 
these settings not only aids in assessing the radial artery, but also will make needle 
visualization during access much easier.

a b

Fig. 2.6 (a) Gray scale visualization of the radial artery. Incidentally, this patient was found to 
have partial duplication of the radial artery. (b) Long-axis view of the radial artery with color 
Doppler and pulse Doppler demonstrating the triphasic waveform
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Chapter 3
Nursing Assessment

Aaron M. Fischman, Adie Friedman, and Jacxelyn Moran

 Introduction

As the specialty of Interventional Radiology (IR) has evolved, there has been an 
effort to establish IR as both a clinical and technical practice, rather than solely a 
procedural one. This helps provide longitudinal care and a reliable referral service 
[1]. For this reason, it is crucial that IR health professionals stay up to date on the 
fundamentals that help ensure optimal patient care. Specifically, this chapter reviews 
the preprocedural management for vascular cases performed via radial artery access.

A comprehensive preprocedural patient evaluation is imperative to reduce the 
risk of adverse events in transradial (TR) access cases. The role of the IR nurse is to 
collect and record data pertaining the status of the patient and to communicate this 
information to members of the health-care team [2]. Guidance on preprocedural 
patient management can be obtained from use of modern assessment tools which 
aim to reduce costs and optimize patient care [3]. One study showed that such stan-
dardized implementation in TR access procedures reduced the door-to-procedure 
time, decreased the number of post-procedure complications, quickened rehabilita-
tion and reduced hospital stay length, reduced hospital costs, and improved patient 
satisfaction [4]. Important topics that should be considered during preoperative 
evaluation will be described.
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 Orienting the Patient

Patient education and orientation is crucial for guaranteeing patient satisfaction, 
comfort, and reduced anxiety. Studies have demonstrated that causes for malprac-
tice suits in radiology departments often include procedural complications and poor 
physician-patient rapport [5]. Welcoming staff-patient encounters as well as com-
prehensive procedure information and updates help patients feel less anxious and 
better prepared prior to their IR procedure [6]. Patient procedure information can be 
provided in form of pamphlets, information sheets, or online resources and videos. 
In regard to TR access cases, one study showed that increased anxiety was a risk 
factor for radial artery vasospasm [7]. Patients with less anxiety will tend to be more 
cooperative during the procedure and may require less sedation.

 Informed Consent

The informed consent gives the patient the opportunity to comprehend the interven-
tion that they are about to undergo and to decide whether they wish to pursue treat-
ment. The health professional must take responsibility to thoroughly explain the 
procedure in terms of preparation, expectations, risks, benefits, success rate, and 
alternative treatment options. In one survey, 61% of IR clinic responders reported 
providing patients with information sheets about the procedure during the consent 
process [8]. One study suggests that patient anxiety decreases and patient satisfac-
tion increases when they are able to discuss procedure details in advance [6].

Patients should be told what to anticipate during the procedure, such as their level 
of awareness, the amount of pain to be felt, the type of medications to be adminis-
tered, the duration of the procedure, and their positioning on the procedure table. 
Patients should be informed that access of the radial artery is typically painless and 
improves patient comfort and post procedural independence, removing the need for 
an uncomfortable groin compression for hemostasis [9, 10]. The expected probabil-
ity of success for the procedure should be disclosed. Especially relevant to TR access 
cases is informing the patient about the possibility of needing a different access site, 
since this may affect discharge plans [11]. Anatomical variation between patients 
can make maneuvering through the arterial tree more time consuming. There is a 
learning curve for proceduralists utilizing TR access, initially causing longer proce-
dure times and greater radiation and contrast exposure to the patient [3]. Because of 
the increased technical demand for TR cases, a case may need to be converted to a 
transfemoral (TF) access case. Prior studies have shown that the access site crossover 
rate for TR procedures is 1.8% [12]. Risk factors for TR access failure or crossover 
to a different access site include female sex, older age, and obesity [13]. A decrease 
in TR access failures is correlated with greater procedural cases performed [14].

In addition to discussing risk factors for the procedure itself, potential side effects 
from undergoing TR access should be specifically addressed during the consent 
process. In terms of TR access complications, a small risk of hematoma, 
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compartment syndrome, arteriovenous fistula, pseudoaneurysm, and bleeding 
exists, albeit less so than in TF access cases [11, 15]. Patients can be informed that 
TR access has a reduced rate of complications when compared to TF access with 
many studies showing that TF access has a higher rate of major bleeding, pseudoa-
neurysms, arteriovenous fistula, and hematomas which typically lead to longer hos-
pital stays and greater costs as well as worsened morbidity and mortality [11, 13, 
15]. The superficial location, away from any major anatomical landmarks, and 
smaller size of the radial artery reduces the chance for these complications [11]. 
Additionally, access of the radial artery requires smaller catheters, and its location 
allows for easy compressibility for hemostasis purposes.

Radial artery spasm can cause pain and procedure delay and occurs more often 
with smaller radial artery size and longer procedure duration [16, 17]. There is also 
a very rare risk of post procedural radial artery occlusion and hand ischemia. 
Reduced risk of radial artery occlusion has been identified with use of smaller cath-
eters, intra-arterial heparin administration, immediately catheter removal following 
the procedure, and less than 4-hour post procedural compression [16]. Unlike TF 
access, the dual arterial supply of the hand reduces the chance of limb ischemia. A 
few studies have demonstrated that there is endothelial damage to the radial artery 
following TR access, and rarely, changes in hand function and physiology can be 
identified, such as change in temperature or strength [18]. Bruising is one of the 
most common post procedural findings after TR access, and patients should be pre-
pared for this [19].

During the consenting process, it is also important to review post-procedure 
expectations with the patient. Post procedural hemostasis at the radial artery access 
site can be achieved by compression with the use of a pressure device, usually for 
1–2 hours [11]. The patient must understand that the amount of time for use of the 
compression device will vary and that premature removal of the device may increase 
the risk of hematoma [10]. In terms of activity level following the procedure, 
patients are not required to stay bed-bound after the procedure as is required after 
TF access [14]. This in turn decreases the workload on the staff as the patient is able 
to ambulate on their own with decreased need for supervision. One study showed 
that TR access, in comparison to TF access, correlated with reduced nurse workload 
in standardized, systematic vascular procedures, reducing the number of resources 
needed for patient care, as well as improving costs of care and efficiency of IR pro-
cedures [20]. Post-procedure wrist pain can be managed with over-the-counter med-
ication as needed, elevating the arm, and applying ice [13].

 History, Physical Exam, and Medications

During the preprocedural period there should be a review of pertinent patient medi-
cal history and physical exam that may impact transradial access [13]. Obesity, 
elderly patients, and female sex have been linked to an increased occurrence of TR 
access complications [16]. In older patients with tortuous thoracic aortas, it can be 
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more challenging to direct the catheter into the descending thoracic aorta. Patients 
with advanced vascular disease or small-vessel vasculitis are at greater risk for 
failed TR access procedure [11]. History of prior radial access may reduce the 
chance of successful TR access due to altered anatomy. Patients should be asked if 
they have ever had any hand or arm trauma or surgery such as axillary lymph node 
dissection. TR access should be reconsidered in patients with chronic renal disease 
who may require hemodialysis access in the future [11]. In certain patient popula-
tions, risk of bleeding complication is higher due to medical conditions such as 
chronic kidney disease and thrombocytopenia [15]. The patient should be educated 
about possible adverse effects of bleeding while receiving anticoagulation ther-
apy [13].

Peripheral intravenous access and identification bands should be placed in the 
contralateral arm of TR access, commonly the right arm [9, 15]. Any jewelry should 
be removed from the arm that is to be accessed. Baseline vital signs should include 
height since patients of short stature tend to have smaller and shorter ascending 
aortas, which may increase the difficulty of TR access [11].

Baseline radial and ulnar pulses should be documented, as well as the color and 
temperature of the extremities. The extent and baseline of hand functionality and 
pain level should be noted. If the area to be imaged involves the descending thoracic 
aorta or below the diaphragm, left arm access is generally preferred so that the cath-
eter does not lay across the origins of the carotid arteries. Any existing hemodialysis 
fistula or shunt deters ipsilateral TR access [13]. Ultrasound examination can be 
obtained to measure the size of the radial artery preoperatively.

A common test used to examine the blood supply to the hand is the Allen test. 
The Allen test starts by occluding the radial and ulnar arteries for 1 minute while the 
patient makes a fist followed by observing return of blood flow in the patient’s 
unclenched hand as soon as compression of the ulnar artery is released [9, 11]. 
Return of blood flow to the hand within 10 seconds is normal [9].Alternative exams 
include the modified Allen test and the Barbeau test which incorporate pulse oxim-
etry and plethysmography. These tests use a pulse oximeter on second digit which 
evaluates the waveform while altering the blood supply to the hand [14]. In patients 
who have had previous TR access, a reverse Allen test, which tests radial artery 
flow, can be performed to check for radial artery occlusion [14]. If the patient has an 
abnormal result from any of these tests, then an alternative access site should be 
considered [13].

The IR nurse is typically responsible for providing medications preprocedurally 
and for monitoring the patient’s physiologic and hemodynamic state following 
administration [21]. Prior to TR access, prolonged preprocedural application of 
topical medications, such as EMLA, can help reduce radial artery spasm [22, 23]. In 
our department, the nurses apply Lidocaine and Prilocaine Cream USP, 2.5%/2.5%, 
as well as Nitroglycerin Ointment USP, 2%, mixed together and applied over the 
radial artery access site at least 30 min prior to the procedure. Depending on the 
type of vascular procedure, varying levels of sedation may be utilized. Low dose 
fentanyl and midazolam has been shown to reduce patient discomfort and in turn the 
incidence of radial artery spasm [15].
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Chapter 4
Procedure Suite Setup

Kristina Prachanronarong and Vivian Bishay

Abbreviations

RA Radial artery
TFA Transfemoral arterial approach
TRA Transradial arterial approach

 Introduction: Prior to Entering the Angiography Suite 
and Angiography Suite Setup

Prior to entering the angiography suite, a physical exam of the wrist should be per-
formed, and the Barbeau test should be used to assess ulnopalmar arch patency, as 
described in Chap. 2 [1–3]. Briefly, a pulse oximeter is positioned on the patient’s 
ipsilateral thumb or forefinger, and the waveform is analyzed [2, 4]. Waveform 
types A-C signify ulnopalmar arch patency, meaning that transradial access can be 
safely performed [4]. Waveform type D indicates that the ulnopalmar arch is not 
patent, which can be a contraindication to a transradial arterial approach (TRA). 
Relative contraindications to a TRA include radial artery (RA) occlusion, subcla-
vian artery occlusion or stenosis, RA having a diameter smaller than the outer diam-
eter of the sheath, and current or future hemodialysis [2, 5]. The RA can also be 
prepared for radial access using a topical vasodilator [6]. For example, in the PRE- 
DILATE protocol, 30 mg nitroglycerin ointment and 40 mg of lidocaine cream are 
applied to the RA access site 30 minutes before catheterization and secured with a 
small Tegaderm™ or bandage, which can increase RA cross sectional area by a 
mean of 16.5% [2, 6–8]. EMLA™ cream (lidocaine 2.5% and prilocaine 2.5%) can 
also be used [2].
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All monitors, medication, and equipment should be available in the angiography 
suite prior to bringing the patient into the suite. Supplies that are recommended for 
a TRA setup are listed in Table 4.1. Once the patient is in the suite, the patient can 
be positioned, and RA patency and caliber can be re-confirmed. A pulse oximeter 
should be placed on the thumb or index finger and remain in place for the entire 
procedure [7]. Determination of a left versus right radial approach can then be con-
sidered, and for most interventional procedures below the diaphragm, left RA access 
is preferred [1, 2, 4, 7, 8]. The distance to target vessels from the left wrist is shorter 
[2]. Catheters and sheaths do not cross the origins of the great vessels during a left- 
sided approach, theoretically limiting the risk of thrombus formation or cerebral 
emboli from the great vessels, although catheters lie across the left vertebral artery. 
Additional angiography suite considerations include standard suite setup and modi-
fications specifically for TRA procedures. Reducing scatter radiation in TRA proce-
dures is important to ensure adequate radiation protection [4, 9]. Early evidence 
shows that once an operator overcomes the learning curve for using a TRA, differ-
ences between radiation exposure between a transfemoral arterial approach (TFA) 
vs a TRA are minimal [5, 10–13].

 Equipment List

 Technical Considerations: Patient Positioning and Obtaining 
Radial Access

The patient can be positioned in various ways to optimize access and patient comfort 
[2]. Often, the patient is supine, but the patient can also be in the prone position, such 
as for patients with chronic back pain [1, 2, 7, 8]. The patient’s arm can be positioned 
0–15° from the patient’s side in a similar position to that of the patient’s groin (Fig. 4.1) 
[2]. In this configuration, catheters and drapes can be arranged similarly to when they 
are used for TFA procedures (Fig. 4.2) [2]. The patient’s arm can also be positioned 
75–90° from the patient’s side [2]. This type of positioning permits easier access, but 

Table 4.1 Equipment/medication list for TRA

Pulse oximeter Access kit (e.g., Cook® 21G Micropuncture® Kit)
Ultrasound Access sheath (e.g., Cook® 5Fr Shuttle® Sheath)
30 g nitroglycerin ointment Heparinized saline infusion for sheath side flush
40 g lidocaine cream Medication cocktail:

3000 IU heparin
200 μg nitroglycerin
2.5 mg of verapamil

Small Tegaderm™
Arm board with padding and straps
Folded sheet or towel roll
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Fig. 4.1 The arm is at an acute angle for easier access. The towel roll provides support for the 
wrist [2]

a b

c d

Fig. 4.2 (a) Arm positioning parallel to the Table. (b) The arm position allows for more ergo-
nomic wire and catheter exchange and use of standard TFA access drapes. (c) Example of 
ultrasound- guided access to the radial artery with a 21-G micropuncture needle. (d) The radial 
artery is accessed with a 0.021-in wire and with finger pressure over the access site as the sheath is 
advanced [2]
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catheter exchanges may be unwieldy [2]. A long moveable arm board, with padding 
and/or memory foam, is recommended to increase comfort for the patient and is help-
ful when the patient’s arms need to be raised during a procedure, such as for cone 
beam computed tomography, and specific arm boards are designed to reduce radiation 
scatter [4]. Once the patient’s arm is in correct position, the wrist can be supinated and 
hyperextended with a folded sheet or towel roll inserted under the distal forearm for 
support and with the hand secured to the arm board (Fig. 4.2a) [1, 2, 7, 8].

The steps for obtaining radial access are similar to the approach taken for obtaining 
other types of ultrasound-guided access. First, the patient is prepped and draped in usual 
sterile surgical fashion [8]. Guidewires, sheaths, and catheters are prepared. Monitors 
should be placed on the patient, including a pulse oximeter that should be placed on the 
thumb or forefinger of the wrist being accessed. If the patient’s arm is positioned paral-
lel to the patient’s body, standard femoral access drapes can be used, with one of the 
openings positioned over the RA (Fig. 4.2b) [8]. The RA can be identified and exam-
ined using ultrasound (a high frequency linear transducer) to assess for anatomy, 
patency, and caliber [7, 8]. The access area can then be anesthetized with lidocaine and 
a 21-gauge needle [8], and access can be obtained with ultrasound guidance and using 
Seldinger technique [2]. A wire (e.g., a 0.021-in wire) can then be advanced into the 
RA, and if there is any resistance, the wire is pulled back and readjusted. If the wire 
cannot be advanced, fluoroscopy and direct visualization with contrast can be per-
formed. Use of a single-wall puncture technique and placement of the smallest-diame-
ter hydrophilic sheath available to successfully complete the procedure are important 
considerations for limiting trauma to the RA [7]. Once access is obtained, specialized 
radial access sheaths with hydrophilic coating can then be used to facilitate the proce-
dure [2]. Catheter, sheath, and wire selection are discussed in subsequent chapters [4, 7].

After sheath placement, a medication “cocktail” is administered intra-arterially 
directly through the access sheath to dilate the RA, prevent arterial spasm, prevent 
thrombus formation, and reduce vascular tone [2, 14]. This cocktail can include nitrates, 
calcium channel blockers, and heparin. There is no consensus on the ideal combination 
of medications, but one example includes 3000 IU heparin, 200 μg of nitroglycerin, and 
2.5 mg of verapamil [5, 11, 14]. Before injection of the cocktail, blood is withdrawn 
into the syringe to “hemodilute” the medication cocktail, and a slow rate of injection of 
1 mL/second can be used to minimize the burning sensation felt with these medications 
[2, 7, 8, 14]. A continuous side flush of heparinized saline infusion can also be started 
to prevent clot formation between the sheath and catheter [7, 8].
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Chapter 5
Recovery Room and Post-procedure Care
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Abbreviations
RA Radial artery
TFA Transfemoral arterial approach
TRA Transradial arterial approach

 Introduction: Hemostasis

One of the most important considerations in the recovery room and during post- 
procedure care is the achievement of RA hemostasis. At the end of the procedure 
before transitioning to the post-procedure recovery room, the radial pulse should be 
identified, and the last catheter used during the procedure should be removed slowly 
over a soft wire to reduce potential trauma to the artery [1]. Once the catheter and 
wire are removed, the sheath can be withdrawn a few centimeters, and a hemostasis 
band can be placed over the access site [2–4]. Non-occlusive “patent” hemostasis is 
critical for reducing the risk of post-procedural RA thrombosis [4]. The PROPHET 
study demonstrated that “patent” hemostasis is better than occlusive pressure in 
promoting hemostasis while preserving RA patency [4, 5]. Non-occlusive hemosta-
sis is most often achieved with a wrist band device, with several examples listed in 
Table 5.1 [4].

To achieve hemostasis, the wrist band is placed over the arteriotomy site while 
continuing to monitor the pulse oximeter waveform, and then the wrist band is 
inflated (Fig. 5.1). Following device inflation, the ulnar artery is compressed, and 
then air is gradually released from the band device in a controlled manner until an 
oximeter waveform returns, which signifies RA patency [1]. The band can be maxi-
mally inflated with an accompanying syringe, and air can be removed in 1 mL incre-
ments until bleeding is seen at the access site. Then, 1 mL of air can be added to the 
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cuff to prevent bleeding while maintaining an oximeter waveform [3]. A physical 
exam can also be performed periodically to assess for circulation within the hand [2, 
3]. Throughout the hemostasis period, which can last from 30 to 120  minutes, 
depending on procedure complexity, a distal RA pulse should be present [4]. The 
band can then be incrementally deflated and released [7]. The failure rate of inflat-
able wrist bands, such as the TR Band®, is lower than transfemoral vascular closure 
devices, and these bands offer benefits such as rapid exchange, re- deployment, or 

Table 5.1 Radial compression devices approved in the United States in 2020 [4, 6]

Device name Company

RadARTM Advanced Vascular Dynamics 
(Milwaukie, OR)

VasoStat™ Forge Medical (Bethlehem, PA)
RaybandTM Lepu Medical Technology 

(Beijing, CN)
SyvekRadialTM Marine Polymer Technologies 

(Danvers, MA)
TRAceletTM Medtronic Vascular (Danvers, 

MA)
RADstat®, Finale®, PreludeSync™,  PreludeSync Distal™, 
PreludeSync Evo™, SafeGuard Radial™

Merit Medical Systems, Inc 
(South Jordan, UT)

VASOBand VASOInnovations, Inc (South 
Pasadena, CA)

TR Band® Terumo Interventional Systems 
(Elkton, MD)

ARC Adjustable Radial Cuff TZ Medical, Inc (Portland, OR)
D-Stat® Rad-Band Vascular Solutions, LLC (Maple 

Grove, MN)

Fig. 5.1 The TR Band® (Terumo Interventional Systems) on a patient demonstrating the “patent” 
hemostasis technique [4]
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parallel usage in cases of failure [8, 9]. In addition, the use of prophylactic ipsilat-
eral ulnar artery compression in the PROPHET-II trial to increase flow in the radial 
artery post-procedurally has shown improved patent hemostasis and decreased risk 
of post-procedural complications such as RA occlusion [10].

 Equipment List

 Technical Considerations: Post-procedure Care 
and Post-procedural Complications

After achieving hemostasis, the inflatable wrist band can be removed, and a sterile 
dressing can be applied. The patient should be observed for 30  minutes before 
discharge [2, 4, 8, 11]. Patients are able to sit up in bed and ambulate immediately 
after a procedure using a TRA [1, 4, 7, 12, 13]. Repeat evaluation of the radial 
pulse and access site should be completed before discharge and during a follow-up 
outpatient visit [11]. Physical exams, including a neurologic motor and sensory 
exam and evaluation of radial pulse and capillary refill, should also be performed 
frequently to ensure the patient is neurovascularly intact. On discharge, patients 
should be instructed to avoid unnecessary wrist flexion or extension, avoid heavy 
lifting for 24 hours, avoid blood pressure measurements and blood draws from the 
procedural arm for 24 hours, keep the dressing in place for 24 hours, and avoid 
soaking the wound for 24–72 hours [1, 11]. Patients should be instructed on what 
steps to take if bleeding or swelling occurs, such as holding manual pressure and 
reporting to a hospital for further evaluation. If there is pain at the access site, acet-
aminophen and/or NSAIDs, elevation, compression, and ice packs can be recom-
mended [4].

Studies show that access-site related complications are reduced using a TRA 
versus a transfemoral arterial approach (TFA) [8, 11, 14–18]. One of the most com-
mon complications from using a TRA, although rare, is localized access site hema-
toma and bruising, which is often asymptomatic, occurs with a frequency of <1%, 
is more common in females, and is much less common compared to procedures that 
use a TFA [4, 13, 19]. Bertrand et al. proposed a grading system for the severity of 
post TRA hematomas and associated treatment guidelines [20]. If a hematoma 
begins to form, a second wrist band/cuff can be applied in parallel to the first device 
[2, 3]. A blood pressure cuff can also be used more proximally to aid in hemostasis 
[20]. Additional considerations for managing a hematoma are to control blood pres-
sure, which is associated with adequate pain management, and consider withdraw-
ing anti-coagulation/anti-platelet treatment if necessary [20]. During management, 
a pulse oximeter should be used continuously to monitor RA patency and oxygen-
ation to prevent ischemia.

5 Recovery Room and Post-procedure Care
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Another possible complication of a TRA is RA occlusion, which is almost always 
asymptomatic due to a patent ulnopalmar arch but may have an occurrence of up to 
6–10% [5, 11]. The PROPHET study demonstrated that factors associated with 
decreased incidence of RA occlusion include smaller sheath size, use of a hydro-
philic sheath, and increased heparin dose [5]. Some rare complications after using a 
TRA include RA pseudoaneurysm, radial arteritis, perforation, spasm, and RA dis-
section [4, 7]. Pseudoaneurysms are rare with an incidence rate of <1% and can be 
treated with thrombin. It is also rare for complications from procedures using a TRA 
to require management by open surgical intervention [11]. Permanent or temporary 
neurologic or ischemic complications in the hand are rare [1, 4, 11, 13, 14, 21, 22]. 
Another potential rare complication is stroke, with an unknown incidence rate 
(≪1%) [23, 24]. Procedures using a TRA from the left upper extremity avoid 
manipulation of the aortic arch [11]. However, by using a left-sided TRA during 
sub-diaphragmatic interventions, catheters rest across the origin of the left vertebral 
artery from the left subclavian artery, which theoretically could cause an ischemic 
event [4]. A retrospective analysis of a database of PCIs from the British 
Cardiovascular Intervention Society, which included 124,616 radial and 223,476 
femoral procedures, discovered that there was no statistically significant association 
between the occurrence of neurologic complications and the use of TRA, with a 
frequency of 0.11% in each cohort [3, 21].
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Chapter 6
Access Complications and Management

Naveen Galla and Rajesh I. Patel

 Introduction

As cardiologists have adopted the transradial approach (TRA) as their preferred 
access for diagnostic and interventional coronary angiography, the TRA has become 
an increasingly popular option for visceral and peripheral endovascular procedures. 
Several large prospective multicenter trials, predominantly studying the TRA for 
percutaneous coronary interventions, have demonstrated high patient satisfaction 
scores and decreased complication rates [1–4]. In a large-scale retrospective analy-
sis of 1500 patients who underwent the TRA for noncoronary interventions, the 
TRA was described as a well-tolerated approach with a major complication rate of 
0.1% and minor complication rate of 2.4% [5].

As the TRA has become more widely adopted for noncoronary interventions, 
many interventional practices have transitioned to a predominantly TRA model. 
There is a significant learning curve associated with the TRA, with literature report-
ing that approximately 30–50 TRA procedures are needed before procedural met-
rics and complication rates plateau for new TRA operators [6]. Despite its safety 
profile, it is important to remember that the TRA is not without risk and has its own 
unique complications. In this chapter, we detail potential complications and road-
blocks operators may face when using the TRA during IR procedures (Table 6.1), 
preventive measures, and the appropriate procedural and post-procedural manage-
ment of these complications.
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 Radial Artery Spasm

Radial artery spasm (RAS) is the most common complication of the TRA, occurring 
in approximately 5–10% of cases (Fig. 6.1) [10–13]. RAS can manifest as forearm 
or upper arm pain or resistance while inserting sheaths or advancing wires and cath-
eters. The small arterial diameter, thick arterial media, and high density of alpha- 
adrenergic receptors to the smooth muscle cells in the radial artery contribute to its 
high vasospastic potential. RAS is associated with female sex, diabetes, low BMI, 
smaller radial artery diameters, increased number of catheter exchanges, and the use 
of large catheter sizes [23]. RAS most commonly occurs at the onset of a transradial 
procedure with initial puncture and sheath placement, but can also occur later dur-
ing the procedure from local release of catecholamines, endothelin-I, and angioten-
sin- II from shear stress.

 Tactics to Minimize RAS

An effective prophylactic method to minimize RAS when obtaining access involves 
application of topical lidocaine-prilocaine cream (EMLA) and nitroglycerin oint-
ment covered with an adhesive 30  minutes prior to the start of the procedure. 

Table 6.1 Incidence of complications from transradial catheterization

Complication Incidence

Radial artery spasm 5–10% [7–9]
Radial artery occlusion 2–18% [10–13]
Access-site hematoma 1–6% [14–19]
Radial artery perforation 0.1–1.0% [15, 20–22]
Radial artery dissection 0.1–1.3% [8]
Pseudoaneurysm 0.1–0.2% [8, 15]
AV fistula Extremely rare
Compartment syndrome/hand ischemia Extremely rare
Neurologic deficits Extremely rare
Catheter/sheath entrapment Extremely rare
Catheter granuloma Extremely rare

Fig. 6.1 Radial artery angiography revealing multifocal radial artery spasm
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Because the majority of procedures do not require general anesthesia, it is important 
to administer adequate sedation prior to arterial puncture to dampen catecholamine 
release from pain and anxiety. After the vascular sheath is in place, administration 
of an intra-arterial cocktail consisting of verapamil, nitroglycerin, and heparin prior 
to guidewire and catheter insertion reduces the rate of RAS. In addition, the use of 
specially designed hydrophilic coated sheaths is crucial to minimize RAS during 
the insertion and removal of sheaths. While many visceral and peripheral interven-
tions require 5–7 French sheaths, the operator should attempt to use the smallest 
sheath feasible.

 Procedural Management of RAS

The overwhelming majority of TRA procedures will have smooth and seamless 
advancement of the guidewire and catheter from the puncture site to the descending 
aorta. If RAS presents when obtaining radial artery access, ensure that adequate 
time has elapsed since administration of sedation. Subcutaneous injection of nitro-
glycerine in the peri-arterial region can assist with radial artery cannulation. When 
RAS manifests as catheter resistance, it is important to restrain from further catheter 
manipulation to prevent additional release of local inflammatory mediators. In many 
cases, RAS spontaneously resolves within a few minutes, and the procedure can 
continue without issue. Administration of verapamil or nitroglycerin as well as 
increasing sedation and pain control in awake patients can mitigate RAS and allow 
operators to proceed in the vast majority of cases.

It is important to ensure that resistance associated with transradial catheter advance-
ment is not prematurely labeled as RAS instead of variant anatomy such as remnant 
radial arteries, curvatures, or loops. When RAS is suspected and not relieved with 
medication, operators should maintain a low threshold to perform a radial angiogra-
phy via the catheter or side port of the introducer sheath to define the anatomy. If RAS 
is confirmed, the operator can attempt to cross the region of RAS with a hydrophilic 
guidewire to minimize shear stress. After successfully traversing the area of spasm, a 
catheter can be negotiated over the wire using gentle cork-screw forward movements 
instead of a pushing movement, and the procedure can proceed in the usual manner.

 Take-Home Points

While its incidence can be dependent on operator experience, RAS is an inevitable 
occurrence even for the most experienced operators. Although permanent effects 
from RAS are rare, it can cause significant patient discomfort and prolonged proce-
dure times and potentially result in conversion to alternative access sites in cases of 
spasm refractory to medication. With appropriate management, RAS will subside, 
and operators can proceed with the procedure in the regular manner.

6 Access Complications and Management
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 Radial Artery Occlusion

Radial artery occlusion (RAO) has been reported to occur in 2–18% of TRA proce-
dures, with the majority of the literature reporting RAO rates of 5–10% [10–13]. 
RAO arises from a combination of factors, including local vascular inflammatory 
mediators from endothelial shear stress, disruption of normal antegrade flow, and 
inappropriate post-procedure compression. Although RAO generally has a benign 
and clinically silent course due to the protective effects of retrograde flow from the 
ulnar artery, proper patient selection and appropriate hemostasis are of the utmost 
importance in minimizing this complication.

 Risk Factors for RAO

Introducer sheath size has been reported to be a predictor for RAO. The radial artery 
has a mean intraluminal diameter of 2.7 ± 0.4 mm in males and 2.4 ± 0.4 mm in 
females [24], in comparison to 5 French radial introducer sheaths with outer diam-
eters measuring approximately 2.4 mm. For patients with smaller radial arteries, it 
is important to minimize the sheath size when possible. Saito et al. demonstrated 
that the RAO rate when the ratio of the radial artery inner diameter to sheath outer 
diameter is <1.0 is 4% compared to 13% when the ratio is >1.0 [19]. Diabetes, 
female gender, and low BMI are associated with increased rates of RAO [25].

 Techniques to Reduce RAO

Administration of adequate systemic anticoagulation (50 IU/kg or 5000 U UFH) is 
the simplest method to minimize the risk of RAO. Studies have demonstrated that 
patients undergoing TRA procedures with suboptimal doses of unfractionated hepa-
rin develop RAO in up to 30% of cases [26]. Some operators inject subcutaneous 
nitroglycerin at the puncture site to reduce rates of RAO [27].

The PROPHET study demonstrated that patent hemostasis decreases the risk of 
RAO compared to the traditional occlusive hemostasis technique [11]. The vast 
majority of IR practices have adopted the principles of patent hemostasis with com-
mercially available transradial (TR) bands, allowing antegrade blood flow through 
the radial artery and decreasing the likelihood of local thrombus formation. In addi-
tion, shorter duration of hemostatic compression is associated with decreased rates 
of RAO [28]. Nursing staff in the post-procedure recovery area should frequently 
assess and relieve pressure from the TR band to minimize the duration of compres-
sion. Some studies have demonstrated that prophylactic ipsilateral ulnar artery com-
pression reduces RAO, presumably from increasing blood flow in the radial 
artery [29].
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 Treatment of RAO

Duplex ultrasound examinations have demonstrated spontaneous recanalization of 
occluded radial arteries after 3 months in the majority of cases [30]. Because of the 
clinically silent nature of RAO, the predominance of providers do not treat RAO 
with anticoagulation. Focal ulnar compression is a tactic used by some providers 
after detecting RAO, by placing a TR band over the ulnar artery for 1–2  hours, 
thereby preferentially increasing flow through the occluded radial artery [31].

 Consequences of RAO

Histopathological studies have demonstrated that patients undergoing TRA proce-
dures can have non-occlusive radial artery injuries in the segments corresponding to 
the sheath location. Radial artery intimal hyperplasia, intima-media thickening, and 
smaller mean radial artery diameter were demonstrated in short-term follow-up in 
one study, while another study demonstrated resolution after 1 year [32, 33]. Despite 
non-occlusive injuries and RAO, studies of repeated transradial catheterization 
report technical success rates ranging from 95% to 98% [34–37]. However, another 
study reported that failed repeat TRA and conversion to TFA were primarily attrib-
uted to radial artery luminal narrowing and RAO [38]. Although clinical symptoms 
and conversion rate to TFA on repeat procedures are low, strategies to minimize 
RAO should be taken for patients to benefit from subsequent TRA procedures.

TRA procedures resulting in symptomatic ischemia are very rare due to the dual 
blood supply to the hand. Proper patient selection using pre-procedure Barbeau test-
ing should routinely be done to ensure adequate ulnar collateral flow. Even with 
abnormal pre-procedure testing (Barbeau C and D), hand ischemia is still unlikely 
because of the recruitment of collaterals from the interosseous arterial system [39]. 
There are rare case reports detailing distal ischemia after TRA in patients undergo-
ing cardiac catheterization [40]. In this particular case report, the operator did not 
perform a pre-procedure Barbeau test, and it was later determined that the ulnar 
artery was not present, leading to ischemia after RAO.

 Hematomas

 Access-Site Hematoma

Due to the radial artery’s small caliber and superficial location, access-site compli-
cations are infrequently encountered using the TRA. When a hematoma is detected 
near the puncture site with a TR band already placed, it is important to assess for 
appropriate location of the TR band. If the TR band has migrated, placing an 
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additional TR band or BP cuff proximal to the arteriotomy site can temporarily 
occlude blood flow while readjusting the TR band to the appropriate position. If the 
TR band is well positioned with swelling proximal to the device, an additional prox-
imal TR band can be applied.

 Radial Artery Perforation

Radial artery perforation is a rare incident, most commonly the result of forceful 
pushing of a wire into variant anatomy, such as radial artery side branches. When 
extravasation is observed (Fig. 6.2), it is important to attempt to cross the lesion and 
advance a catheter to occlude the extravasation site. In the majority of these situa-
tions, the catheter will seal the perforation and the extravasation will subside. In 
fact, many operators have achieved resolution of radial artery perforation even when 
proceeding with full anticoagulation throughout the case [21]. Additional tactics 
include inserting a long sheath across the extravasation site for tamponade or place-
ment of a covered stent for refractory bleeding [41]. Even if extravasation is not 
present on subsequent angiograms prior to sheath removal, strict post-procedure 
observation is required to screen for hematomas and forearm compartment 
syndrome.

Failure to recognize perforations without treatment can lead to gradual intramus-
cular bleeding. A hematoma classification system was designed by investigators in 
the EASY trial to guide operators and nursing staff [42]. In this system, hematoma 
<5 cm (grade 1) and <10 cm (grade II) are related to the access site, while hemato-
mas distal to the elbow (grade III) (Fig. 6.3) and proximal to the elbow (grade IV) 
are thought to result from vessel perforation from wire damage. For grade III and IV 
hematomas, arm elevation, external compression of the brachial artery with a blood 
pressure cuff, and application of an ace compression bandage should be used to 
prevent hematoma growth. Grade V is reserved for compartment syndrome.

Fig. 6.2 Radial artery angiogram demonstrating radial artery perforation with contrast 
extravasation
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 Compartment Syndrome

Forearm compartment syndrome is an extremely rare occurrence, occurring in 
fewer than 0.01% of cases [43]. When a forearm hematoma is present, there should 
be very frequent monitoring for signs of perfusion, such as skin color, pulse, pain, 
paresthesia, and capillary refill. Signs of compartment syndrome such as expanding 
hematoma, extreme pain with passive movement of the forearm and hemodynamic 
changes should be promptly recognized with immediate action and surgical consul-
tation. Surgical fasciotomy is the definitive treatment for compartment syndrome.

Hand compartment syndrome without involvement of the forearm is an excep-
tionally rare phenomenon with unclear etiology that has been described in a single 
case report [44].

 Miscellaneous Vascular Complications

 Dissection

Radial artery dissection is an uncommon complication, with the majority of cases 
occurring with hydrophilic guidewires negotiating through difficult anatomy such 
as curvatures and loops. It is important to understand that TRA-related dissections 
are retrograde and the dissection flap is unlikely to propagate. The operator should 
attempt to cross the dissection plane with a soft 0.014 inch wire to limit further dis-
section. Once the lesion is traversed, advancement of a catheter over the dissection 
plane will likely seal the dissection, and the case should proceed without expecta-
tion of any clinical manifestation of the dissection.

Fig. 6.3 Photograph of a grade III hematoma with extensive ecchymosis extending from the 
access site to the hand and forearm
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 Pseudoaneurysm

TRA-related pseudoaneurysms are very rare occurrences due to the small vessel 
calibers (Fig. 6.4). Pseudoaneurysms commonly present days to weeks following 
the procedure and can present as a painful pulsating localized swelling. The major-
ity of pseudoaneurysms resolve spontaneously. Ultrasound-guided compression, 
thrombin injections, or surgical ligation can be performed depending on the size and 
severity of symptoms.

 AV Fistula

AV fistulas resulting from TRA are exceptionally rare occurrences, with most AV 
fistulas being clinically asymptomatic and managed conservatively. Placement of a 
covered stent has been described for large and symptomatic AV fistulas [45].

 Radial Arteritis

After TRA procedures, soreness and mild pain at the access site and forearm is com-
mon. When a patient has post-procedure forearm pain that is out of proportion of 
what is expected with normal post-procedure pulses and an unremarkable ultraso-
nographic evaluation, a diagnosis of radial arteritis is made. The vast majority of 

Fig. 6.4 Duplex ultrasound demonstrating a radial pseudoaneurysm after transradial catheteriza-
tion in the longitudinal view
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cases resolve with the use of NSAIDs, with few requiring treatment with oral 
steroids.

 Neurologic Complications

 Risk of Stroke

As the TRA involves catheters and wires traversing across the origins of the great 
vessels, there is a theoretical risk of periprocedural stroke. When performing sub-
diaphragmatic TRA procedures, the left radial approach is the strongly preferred 
side as it minimizes aortic arch manipulation and passage adjacent to the great ves-
sels. As the TRA is routinely used for patients with atherosclerosis, it is important 
to understand this potential risk.

Although cardiology literature has explored the risk of stroke from the right 
radial approach, which involves aortic arch manipulation across the great vessels, 
multivariate analysis of observational data and large-scale meta-analyses have not 
demonstrated an increased risk of stroke with the TRA [46]. The incidence of cere-
bral embolization when using the left TRA for subdiaphragmatic procedures is 
exceptionally rare and is limited to case reports [47].

With the left TRA approach, caution should be used when passing the origin of 
the left vertebral and left subclavian arteries. With the increased scope and complex-
ity of procedures that can be performed via the TRA, a variety of catheters and 
microcatheters have been designed to be used at specific stages of a procedure. As 
the number of catheter exchanges increases, it becomes increasingly important to 
flush every catheter to prevent air emboli. Operators should take special precaution 
when removing a catheter that may have residual embolic material or debris. In 
order to prevent the catheter from inadvertently cannulating the left vertebral artery 
and releasing embolic material, the operator should remove the catheter over a wire.

By using the left TRA with appropriate catheter technique and meticulous atten-
tion to detail when traversing the left vertebral and left subclavian arteries, the risk 
of clinically significant cerebral infarctions is overwhelmingly rare.

 Neuromuscular Complications

It is not uncommon for patients to have minor numbness and tingling in the hands 
or wrists following TRA procedures, with symptoms generally resolving within a 
few hours. Rare case reports of complex regional pain syndromes after TRA proce-
dures have been described, with treatment options including oral pain medication, 
steroid injections, antidepressants, nerve blocks, and occupational therapy depend-
ing on severity [48, 49].
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There is limited data exploring the relationship between radial access-site com-
plications and hand and limb dysfunction. The majority of reported cases of limb 
dysfunction are transient and resolve over time. In one study, there was diminished 
hand sensitivity in certain dermatomes using monofilament testing, which did not 
correlate with patient-reported hand symptoms [50]. In a large-scale meta-analysis, 
indicators of hand dysfunction including grip strength change and power loss were 
observed in 0.26% of cases, with the majority of symptoms resolving within 30 days 
[51]. This transient and rare phenomenon should be considered for individuals 
requiring fine-motor hand movement in the short-term after the procedure.

 Device-Related Complications

 Sheath Entrapment

Radial artery spasm can result in device entrapment in very extreme circumstances 
and has been greatly minimized with the use of hydrophilic sheaths. When faced 
with device entrapment, the operator should hydrate the patient, apply warm towels 
to the forearm, and administer antispasmodics, sedation, and pain medication. 
While attempting to remove the catheter, the operator should slowly retract the cath-
eter in a cork-screw fashion. When forceful rapid retraction of catheters or sheaths 
is applied without success, worsening of the RAS is likely and may lead to radial 
artery intussusception or radial artery rupture. In these exceptional situations, radial 
endarterectomy with general anesthesia and regional nerve blocks will be required 
for removal of the entrapped device (Fig. 6.5).

Fig. 6.5 Photograph of a radial endarterectomy procedure to remove an entrapped sheath
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 Catheter Granuloma

Certain sheaths have been reported to cause granulomatous skin reactions. The skin 
reaction follows a benign course and is usually self-limited without interven-
tion [52].

 Conclusion

The TRA has a demonstrated history of safety and patient satisfaction across hetero-
geneous populations in a broad range of peripheral and visceral endovascular inter-
ventions. Although clinically significant complications with the TRA are rare, it is 
important to recognize common pitfalls and complications unique to the TRA as it 
becomes more widely adopted throughout the practice of interventional radiology.
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Chapter 7
Transradial Access for Renal 
and Mesenteric Artery Disease

Nicholas Voutsinas and Robert A. Lookstein

 Introduction

While renal and mesenteric interventions have been traditionally performed from a 
femoral approach, advances in technology allow interventionalists the ability to 
safely treat a multitude of disease processes affecting these regions with a transra-
dial approach [1].

The acute angle of origin of the superior mesenteric artery off of the aorta allows 
for easier access by a transradial approach compared to a transfemoral approach [2]. 
Transradial access for mesenteric procedures include angioplasty, stent placement, 
and a variety of embolization procedures (aneurysms, tumors, gastrointestinal bleeds) 
[3, 4]. Performing these procedures with a transradial approach is possible due to 
recent advances in technology allowing for longer microcatheters, longer coil deliv-
ery systems, and longer shafts to deliver stents. The mesenteric arterial system can be 
accessed with an appropriately sized catheter that allows for delivery of appropriate 
treatment options, usually 5 or 6 French lumen size, for example, a 5 French Sarah 
Radial Catheter (Terumo). Additionally, guide catheters, such as the JR4 guide cath-
eter (Cordis), can be used to have extra ability to perform angiograms while position-
ing potential stents or coils. Multiple medical companies manufacture a variety of 
coils, stents, microvascular plugs, pressure wires, and embolic agents that can be 
deployed after a transradial approach within the mesenteric arterial system.

As with mesenteric artery interventions, technology allowing for interventions to 
be performed despite traveling a longer distance has led to the ability to perform 
renal artery interventions after transradial access. Accessing the renal arteries from 
a superior approach within the aorta can allow for a more atraumatic approach when 
compared to transfemoral access, especially for renal arteries that have a down 
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sloping origin [5]. Employing a “no touch” technique with a guide catheter or mul-
tipurpose catheter can potentially reduce traumatic entry into the renal artery, espe-
cially in cases of severe ostial stenosis, preventing distal calcific embolization or 
spasm [6]. This co-axial guide catheter approach can allow for easier positioning of 
stents with the ability to perform angiograms as the stent is being deployed. This 
transradial guide catheter approach is comparable to using larger and longer sheaths 
from a transfemoral approach with a lower profile of intervention at the access site. 
Stabilizer wires can be used for securing access to the distal arteries while interven-
tions are performed more proximally. Guide catheters should be connected to a side 
flush, similar to any arterial sheath, in order to prevent clot formation and distal 
embolization to the target organs.

The following case examples are just a few of the many procedures that are in the 
arsenal of interventionalists from a transradial approach.

 Case 1

A 73-year-old male with hypertension, recently started on ACE inhibitor, presented 
due to acute renal injury. Subsequent renal Doppler ultrasound demonstrated left 
renal artery stenosis, leading to patient presenting for angiogram and stent place-
ment. The left radial artery was accessed, Barbeau waveform A, and a 5/6 French 
hydrophilic slender sheath was placed. The left renal artery was cannulated using a 
6 French JR4 guide catheter (Cordis) over a 0.014 stabilizer wire. Left renal angio-
gram (Fig.  7.1a) demonstrated severe ostial stenosis. A 7  ×  15  mm Herculink 
(Abbott Medical) balloon expandable bare metal stent was deployed and after being 
successfully pre-dilated with a 3 × 20 mm Maverick balloon (Boston Scientific) 
(Fig. 7.1b). Post-stenting angiogram (Fig. 7.1c) showed improved flow through the 
origin of the left renal artery.

 Case 2

A 70-year-old male presented for angiography due to incidentally detected 2.8 cm 
aneurysm at the origin of the inferior mesenteric artery (IMA). Following place-
ment of a 5/6 French slender sheath, Barbeau waveform B, a 0.014 stabilizer wire 
and JR4 guide catheter were advanced into the IMA, and angiography (Fig. 7.2a) 
showed the known IMA aneurysm. Coil embolization was performed with numer-
ous 0.035 coils, including 19 packing coils, 5 non-fibered coils, and 9 fibered coils. 
Post-coiling angiography (Fig.  7.2a) demonstrated complete occlusion of the 
IMA. Superior mesenteric artery angiography revealed collateral filling of the distal 
IMA branches via a prominent Arc of Riolan indicating adequate collateral supply 
to the bowel supplied by the IMA.
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 Case 3

A 64-year-old female presented for embolization of a left renal mass, found to be a 
5.7  cm angiomyolipoma arising from the lower pole of the kidney. After a 5/6 
French hydrophilic sheath was placed into the radial artery, Barbeau waveform B, a 
5 French 110 cm Sarah Radial catheter (Terumo) was used to catheterize the left 
renal artery, with the angiogram (Fig. 7.3a) showing a vascular mass arising off a 
lower pole branch of the renal artery. A Progreat 2.4F 150cm microcatheter (Terumo) 
was advanced into the lower pole artery (Fig. 7.3b), and 1 mL of Onyx-18  co-polymer 
(Medtronic) was injected slowly through the catheter. Post-embolization angiogram 

a b

c

Fig. 7.1 (a) angiographic image of the left renal artery demonstrating severe ostial stenosis after 
left radial artery access. (b) demonstrates placement of a balloon expandable stent in the ostium, 
with (c) demonstrating post-stenting angiogram with improved flow through the renal artery
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(Fig. 7.3c) demonstrates the Onyx cast in the lower pole branch and lack of flow into 
the angiomyolipoma.

 Conclusion and Future Direction

Angioplasty, stenting, and embolization procedures of the renal and mesenteric 
arteries can be safely performed from the left radial artery and in some case more 
easily than from transfemoral access. Unfortunately, limitations of size of the radial 
artery prevent deployment of covered stents, as all currently available covered stents 
are too large to fit through a 6 French system, and further research is needed to 
develop new technologies. Additional future needs include pre-shaped guide 
sheaths. As transradial access becomes more widely adopted, innovation will 
develop more available technologies to assist in performing these procedures.

 Author Equipment List

• JR4 Guide Catheter (Cordis) or Sarah Radial Catheter (Terumo)
• Appropriately sized microcatheters, including Progreat Microcatheter (Terumo) 

or Truselect Microcatheter (Boston Scientific)
• 0.014 stabilizer wire

a b

Fig. 7.2 (a) angiographic image demonstrating a large inferior mesenteric artery aneurysm after 
left radial artery access. Multiple packing coils, non-fibered coils, and fibered coils were placed 
into the aneurysm sac showing occlusion of the artery in (b)
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 Procedure Menu

• Angioplasty and stenting of renal/mesenteric artery stenosis
• Embolization of renal/mesenteric aneurysm
• Embolization of renal/mesenteric masses or hemorrhage

 Tips

 1. Over 95% of renal and mesenteric procedures can be performed with a 6 French 
guide catheter.

a

c

b

Fig. 7.3 (a) demonstrates a left renal angiogram with a large angiomyolipoma arising from the 
lower pole after left radial artery access. A microcatheter was advanced into the vascularity of the 
mass to inject an embolic agent, as seen in (b), with post-embolization angiogram in (c) demon-
strating occlusion of the vessels supplying the angiomyolipoma
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 2. Pre-shaped guide catheters can navigate through any renal/mesenteric anatomy 
to position the operator in the immediate proximity to the target lesion.

 3. Use low profile (0.014/0.018) equipment to ensure technical success and allow 
equipment delivery through 6 French guide catheter.

 4. Always obtain completion angiography, including venous phase, to evaluate for 
potential complications.

 5. For complex procedures, test guide wire and microcatheter systems on the bench 
to ensure compatibility with 6 French guide catheter.
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Chapter 8
Transradial Access for Interventional 
Oncology: Chemoembolization 
and Radioembolization Applications

Samuel Z. Maron, Nickolas Dreher, Joseph J. Titano, and Edward Kim

Abbreviations

HCC Hepatocellular carcinoma
IO Interventional oncology
IR Interventional radiology
MAA Macroaggregated albumin scanning
TACE Transarterial chemoembolization
TARE Transarterial radioembolization
TFA Transfemoral access
TRA Transradial access

 Introduction

Many interventional oncology (IO) procedures have traditionally employed trans-
femoral artery access (TFA). A growing body of evidence, however, has shown 
transradial access (TRA) to be effective, safe, and potentially associated with higher 
patient satisfaction in several IO interventions. This chapter will briefly review com-
mon IO applications, discuss the TRA technique for these procedures, and contrast 
TRA and TFA on the basis of technical success rates, adverse events, costs, radia-
tion exposure, and patient preferences.

S. Z. Maron (*) · N. Dreher · J. J. Titano · E. Kim 
Department of Diagnostic, Molecular and Interventional Radiology, 
Icahn School of Medicine at Mount Sinai, New York, NY, USA
e-mail: samuel.maron@icahn.mssm.edu

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-81678-0_8&domain=pdf
https://doi.org/10.1007/978-3-030-81678-0_8#DOI
mailto:samuel.maron@icahn.mssm.edu


58

 Indications and Associated Epidemiology

 Hepatocellular Carcinoma and Liver Metastasis

TRA is an increasingly common technique in interventional procedures in general 
and IO specifically. The mainstay of IO is the treatment of liver malignancies, espe-
cially HCC and metastases. In 2018, HCC was the sixth most common neoplasm 
and the third leading cause of cancer death [1].

Regardless of the etiology, intra-arterial IO treatments for liver tumors are che-
moembolization (TACE), radioembolization (TARE), and bland embolization [2, 
3]. The use of TRA in abdominal and pelvic interventions has increased in recent 
years, and several studies have shown its safety and efficacy in TACE and TARE 
specifically [4–7]. Both of these techniques utilize the preferential recruitment of 
arteries of hypervascular malignancies for delivery of flow directed therapies. 
Tumors receive blood supply primarily from the hepatic artery, while the liver 
parenchyma is relatively spared due to its reliance on portal blood supply. In TACE, 
an emulsification of Lipiodol/ethiodized oil and drug or a drug eluting platform is 
administered directly into a branch of the hepatic artery in conjunction with embolic 
substances. In TARE, Yttrium-90 microspheres deliver radiation to the tumor. These 
glass or resin microspheres emit beta particles that stimulate apoptosis and subse-
quent shrinkage of the tumor. Prior to TARE, macroaggregated albumin (MAA) 
mapping is used to assess tumor blood supply, identify vessels that may allow for 
nontarget embolization and assess lung shunt fraction.

 Procedural Methodology

 Access

Prior to the procedure, MRI or CT should be reviewed to assess thoracic and abdom-
inal aorta anatomy as well as the arterial supply to the liver, evaluating for any 
anatomical variants. Preoperatively, the evaluation in TRA for IO is completed in 
line with that of other IR procedures. The Barbeau waveform and the size of the 
radial artery are assessed in order to ensure sufficient collateral flow to the hand and 
safe access. In some institutions, TACE and TARE are completed as ambulatory 
same-day procedures [6, 7]. A complete technical guide to transradial access can be 
found by Fischman et al. [7].

The left radial artery is preferably used in order to reduce the required catheter 
lengths and to minimize the manipulation of the aortic arch vessels. Once TRA is 
achieved, and appropriate intra-arterial vasodilators and anticoagulation have been 
administered, a wire and catheter – typically 110 cm in length – are advanced to 
navigate the aortic arch and select the target mesenteric vessel. A 5Fr Sarah Radial 
Optitorque (Terumo Medical, Somerset, NJ) catheter with a 0.035-inch Bentson 
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wire is typically the combination utilized at our institution to advance beyond the 
transverse arch toward the descending thoracic aorta and ultimately the mesenteric 
arteries. In cases with variant or tortuous vascular anatomy, a reverse curve catheter 
such as a Glidecath Simmons-2 (Terumo Medical, Somerset, NJ) in combination 
with an exchange-length 0.035-inch wire can be used to select the descending aorta. 
With the exchange-length wire in the abdominal aorta, the reverse curve catheter 
can be exchanged for the intended base-catheter, and the mesenteric vessels are 
selected. After performing angiography in the superior mesenteric artery and the 
celiac axis, a 150–155 cm microcatheter is utilized to subselect the vessels supply-
ing the liver and the tumor. Angiograms and cone-beam CTs are then performed in 
order to assess liver and tumor perfusion, and the appropriate intra-arterial therapy 
is subsequently delivered.

After the intervention is completed, all wires and catheters are removed. A com-
pression device, such as a TR band (Terumo Medical, Somerset, NJ), is placed for 
90 minutes in order to achieve hemostasis. During this time, a pulse-oximeter is 
used, and the arterial waveform is monitored to ensure adequate blood flow to the 
wrist and hand.

 Benefits of Transradial Access (TRA) 
in Interventional Oncology

Numerous studies have found no significant difference in success rate between TRA 
and TFA in IO indications. A meta-analysis of 1096 patients undergoing hepatic 
procedures by Chen et al. showed that TRA had a 99.2% success rate that was not 
significantly different from the TFA success rate [4]. Further, a number of studies 
have found that TRA has non-inferior rates of morbidity than TFA in a variety of 
interventions, including IO procedures. Chen et al. found that the overall complica-
tion rate for hepatic interventions in the TRA cohort did not differ significantly from 
the TFA cohort (7.6% vs 10.4%, P = 0.32) [4]. In chemoembolization specifically, 
Wu et al. found TRA to be associated with fewer complications when compared to 
TFA. They reported fewer incidents of abdominal distention (42.85% vs. 87.97%, 
P > 0.001), lumbago (1.59% vs. 97.46%, P < 0.001), vomiting (53.17% vs. 77.22%, 
P < 0.001), and dysuria (0% vs. 62.03%, P < 0.001) [8, 9]. In radioembolization 
however, there is no reported difference between major or minor complications in 
TRA compared to TFA [10]. Overall, TRA is safe and well tolerated in all IO appli-
cations that have been studied to date with several studies confirming its utility in 
liver malignancy [2, 3, 11].

Furthermore, in IO procedures, TRA is associated with lower cost and shortened 
length of stay [8, 10]. Kis et al. reported that, at their institution, they saved an aver-
age of about $100 in procedural supplies (catheters, vasodilator cocktail, etc.) per 
procedure when utilizing TRA vs. TFA ($669.10 vs. $767.40) in a cohort of 50 
patients [10]. The authors of the study argue that the savings are likely underesti-
mated given that the post-operative care was half the time in TRA procedures as 
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compared to those using TFA (2 hours vs. 1 hour). In their preliminary study, Wu 
et al. reported similar findings that TRA was associated with lower costs [8].

In general, patients also prefer TRA to TFA due to significantly lower pain scores 
during the procedure and shorter recovery times afterward [9, 12]. In TARE procedures, 
overall pain during the procedure, pain at the access site during the procedure, and over-
all pain after the procedure were all lower following TRA compared to TFA (P = 0.0046, 
P = 0.0004, and P = 0.0357, respectively) [12]. Patients undergoing a TRA approach 
also had shorter recovery times (108 min for TRA, 153 min for TFA, P = 0.0193), 
allowing them to ambulate and perform basic activities sooner after the procedure [12]. 
Similar findings in TRA have also been reported for TACE with less discomfort at the 
access site after the procedure and greater post- procedure independence (P < 0.001) [9]. 
These findings align with results found by Liu et al. that 73.3% of patients had a prefer-
ence for TRA [12]. Similarly, Chen et  al.’s meta- analysis confirmed that 86.5% 
(P < 0.00001) of patients prefer TRA to TFA when given the choice [4].

However, in addition to the benefits of TRA, there are several potential tradeoffs 
that exist when TRA is applied in IO. While there is some conflicting evidence, 
there is concern that TRA can lengthen procedure time and also increase radiation 
exposure. Some studies have found that TRA is associated with increased fluoros-
copy time and radiation dose in IO procedures [9, 10, 13, 14]. In addition, the learn-
ing curve associated with providers’ transitioning to TRA can also contribute to 
increased procedure time and radiation dose in cases performed early in an opera-
tor’s experience [9].
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Chapter 9
Transradial Access for Peripheral Arterial 
Disease: Aortoiliac Applications

Alex Sher, Raghuram Posham, Samuel Z. Maron, and Rami O. Tadros

Abbreviations

CFA Common femoral artery
CLI Chronic limb ischemia
DCB Drug-coated balloon
OTW Over-the-wire
PAD Peripheral arterial disease
SFA Superior femoral artery
TASC Inter-Society Consensus for the Management of Peripheral 

Arterial Disease
TFA Transfemoral arterial approach
TRA Transradial arterial approach
USA United States
USPSTF United States Preventive Services Task Force

 Introduction

Peripheral arterial disease (PAD) is a common medical condition affecting tens of 
millions of individuals in the United States (US) and Europe, with three million new 
cases in the USA each year alone [1]. Its worldwide prevalence is estimated to be 
between 3% and 12% [2]. Even with these numbers, since screening is not recom-
mended by the United States Preventive Services Task Force (USPSTF), it is likely 
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underdiagnosed and undertreated [3, 4]. In PAD, there is progressive narrowing of 
the vasculature often caused by atherosclerosis. Some individuals have no signifi-
cant symptoms, while others present with claudication that can progress to chronic 
limb ischemia (CLI) as a result of severe atherosclerosis. The presence of PAD in 
symptomatic and asymptomatic individuals is a general marker for increased car-
diovascular risk. Risk factors for PAD mirror other cardiovascular diseases and 
include both dietary and behavioral factors, such as tobacco and high cholesterol, 
and comorbidities including hypertension and diabetes [1]. PAD patients can benefit 
from behavioral changes such as the cessation of smoking and exercise. 
Pharmaceutical interventions available for these patients include risk factor modifi-
cation through blood pressure control, statin therapy to lower cholesterol, antiplate-
let therapy, and vasodilatory medications such as cilostizol [3].

A significant proportion of patients will experience progression of their symp-
toms despite medical and behavior management and require endovascular or surgi-
cal intervention (atherectomy, stenting, endarterectomy, or bypass) in order to 
revascularize limbs and restore blood flow [4–6]. Given that PAD patients are often 
high-risk candidates for surgery, there has been an increasing focus on endovascular 
interventions as the first choice for treating PAD patients. Classically, endovascular 
interventions for peripheral arterial disease and lower extremity interventions have 
been completed using a transfemoral arterial approach (TFA). However, there are 
many benefits to employing TRA for PAD interventions. In cases of unfavorable 
TFA such as prior aortoiliac intervention such as aorto-bifemoral graft, severe iliac 
vessel tortuosity, femoral artery stenting, endarterectomy, adjacent bypass, or dis-
eased artery, TRA may be preferred. In addition, any patient with a recent groin 
infection or prior surgery, abundance of soft tissue, or high bifurcation of the femo-
ral vessels. Other benefits include higher patient satisfaction, ability to sit up and 
ambulate immediately following the procedure, less bleeding risk, and lower overall 
costs as compared to TFA [7–10]. A list of some relative indications and contraindi-
cations can be seen in Table 9.1.

In order to understand the available tools required to perform lower extremity 
interventions from the radial artery, we must first discuss two important factors: (1) 

Table 9.1 Relative indications and contraindications to TRA

Relative indications Relative contraindications

Steep or tortuous iliac arteries Barbeau D waveform
Previous stent, endarterectomy, or bypass 
involving or adjacent to the femoral artery

Radial loop

Recent groin surgery or access Radial artery <2 mm
Obesity ESRD and potential for future HD access or 

functional upper extremity HD access
CFA above inguinal ligament Aortic arch atherosclerosis/thrombosis/

calcification
Groin infection
Unable to discontinue anticoagulation

CFA common femoral artery, ESRD end-stage renal disease, HD hemodialysis
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distance from the radial artery and (2) vessel diameter, with increased importance 
given to the latter for aortoiliac applications. The size of the radial artery and the 
target vessel is important in device selection and for determining feasibility. It is 
estimated that the radial artery diameter in the US population is approximately 
3.2 ± 0.6 mm in men and 2.7 ± 0.5 mm in women [11]. Thus, a standard 6Fr sheath 
(approximate outer diameter 2.6–2.81) [12] could be used to cannulate the radial 
artery in approximately 90% of men and 75% of women. Lower profile sheaths, 
such as the 6Fr Terumo Destination Slender sheaths, which have an outer diameter 
of 2.46  mm would allow for an increased population of patients eligible for 
TRA. This is particularly important for PAD interventions as a 6Fr sheath is often 
required for interventions, and the majority of tools required for aortoiliac interven-
tions require larger sheath sizes. Careful consideration should be made to measuring 
the radial artery under ultrasound before procedures to limit complications, includ-
ing arterial spasm and radial artery occlusion.

 Aortoiliac Disease

The femoral artery remains the preferred access site choice for aortoiliac arterial 
disease interventions, especially for complex endovascular procedures. The most 
notable advantages include relative proximity to the target lesions and the ability to 
introduce a wide range of tools through large bore sheaths such as stent grafts and 
covered stents. From a 6Fr sheath in the wrist, covered balloon expandable stent 
options are only available up to 7 mm in diameter (Lifestream, Bard) which pre-
cludes its use in the majority of patients with aortoiliac pathology. Additionally, 
aortoiliac stent grafts are unavailable in 6 Fr platforms, which limits the ability to 
perform complex aortic procedures via the radial artery. For most patients, the role 
of TRA as the sole access site for treating aortoiliac disease is limited to the iliac 
arteries to perform atherectomy, angioplasty, and deployment of bare metal stents. 
TRA can also be used as a secondary access site for internal iliac artery emboliza-
tion for iliac limb extension for AAA or iliac artery aneurysms. TRA can also be 
used to achieve through-and-through access when unable to cross from a femoral 
approach.

Operators have had the tools to treat iliac artery disease with balloon angioplasty 
and bare metal stents for many years. In the largest two studies published on TRA 
to treat aortoiliac disease by Ruzsa et  al. (n  =  156) [13] and by Cortese et  al. 
(n = 147) [14], the authors reach and image the target lesions using a standard guide-
wire and pigtail diagnostic angiographic catheter through a 5Fr or 6Fr short intro-
ducer sheath (Terumo, Japan). The pigtail and short sheath are removed and swapped 
for a dedicated long sheath (8.5Fr 100 cm or 6.5Fr 120 cm Sheathless Eaucath, 
Asahi, Japan or 7Fr 90 cm Destination Introducer, Terumo, Japan). The lesions were 
then traversed using a stiff guidewire followed by balloon expandable (Omnilink 
Elite, Abbot, USA) and self-expandable stents (Absolute, Abbot, USA) with shaft 
working lengths of 130–135 cm.
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At present, the largest diameter stent which can be deployed via TRA is a 12 mm 
diameter self-expanding stent, which is available on a 6Fr × 120 cm platform, allow-
ing stenting of the majority of external iliac arteries and also common iliac arteries 
in select patients. Overall, there are no drug-coated balloons indicated for treatment 
of the iliac arteries, and numerous plain angioplasty balloons are available on 6Fr 
platforms reaching up to 10 mm in diameter.

There is variability in the marketing of various catheter and sheath systems 
which can be confusing for operators. At present, the 6.5Fr and 7.5Fr 100  cm 
Sheathless Eaucath systems (Asahi, Japan) and very recently the 6Fr Destination 
Slender Sheath 119 cm and 149 cm systems (Terumo, Japan) have been approved 
for use in the USA. It is worth noting that the Asahi “sheathless” systems are mar-
keted as catheters, and thus the sizing refers to the outer diameter, despite being 
used in practice as sheaths. Thus, in order to accommodate a 6Fr compatible stent 
or balloon, an 8.5Fr Sheathless Eaucath (not available in the USA) or 6Fr Destination 
Slender sheath would be required.

 Transradial Access for Aortoiliac Peripheral Arterial Disease: 
Technical Considerations and Case Examples

This section describes techniques and tools specific to TRA for treating aortoiliac dis-
ease. Procedural steps common to both aortoiliac and infrainguinal cases are described 
below and are followed with several example cases. Important points specific to the 
cases presented are highlighted in the blue boxes at the end of every case. While the 
complications for TRA have been previously discussed (Chap. 6), there are several 
differences that come with PAD interventions. Compared to other interventions via 
TRA, PAD interventions typically require a larger and longer introducer sheath. This 
comes with a potential increased risk of radial artery occlusion, spasm, thromboembo-
lism, arterial injury, and bleeding risk. As such careful manipulation of the aortic arch 
and monitoring of the introducer sheath while crossing lesions is important. 
Additionally, use of vasodilatory and anticoagulants can help reduce complications.

 Radial Artery Access and Navigating to the Descending Aorta

The left radial artery is favored as it comes with a shorter distance, roughly 10–12 cm 
than the right radial artery, to the descending aorta, and fewer great vessels are 
crossed [15]. This is important as device length can be a limitation of TRA. The 
specific radial access technique is described in detail in Chap. 4.

TRA considerations for PAD is unique in that we recommend a 6Fr sheath to 
ensure adequate catheter and stent platform compatibility. Thus, preprocedural 
patient selection is key to ensure that the procedure can be performed successfully 
via the radial artery.
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Slightly different than the radial cocktail described in Chap. 4, a solution consist-
ing of 200 mcg of nitroglycerin and 2.5 mg of verapamil is diluted and administered 
slowly through the radial artery sheath to limit spasm. Various dosages for radial 
cocktails have been used. Use of intra-arterial vasodilatory agents is important as 
upper extremity arterial spasm will reduce the lumen around the catheter and may 
increase the risk of complications. Patients undergoing PAD interventions also 
receive anticoagulation with 80–100 mg/kg of unfractionated heparin. An Active 
Clotting Time (ACT) is assessed every 30–60 minutes, and the heparin is re-dosed 
to reduce the risk of thromboembolic events. When heparin is contraindicated (e.g., 
heparin-induced thrombocytopenia), it is recommended that Argatroban or 
Bivalirudin is used.

Operators have several available introducer systems involving sheaths and guid-
ing catheters to treat aortoiliac and infrainguinal lesions (Table  9.2). The cases 
described below will highlight their use.

 Aortoiliac Interventions

 Case 1

 Right Common Iliac and External Iliac Stenosis Causing Claudication

Procedure
 1. Obtain radial access as described in Chap. 4. Unfractionated heparin is given at 

80–100 mg/kg. Throughout the procedure an Active Clotting Time (ACT) is 
checked every 30–60 minutes, and heparin can be re-dosed at 1000 units to 
reduce risk of thromboembolic events.

 2. Navigate to the infrarenal abdominal aorta using a 150 cm guidewire (Bentson 
Guidewire) and a guiding catheter (5Fr × 110 Optitorque Sarah Radial).

 3. Perform aortography and right lower extremity angiography. Findings:

 (a) Patent Left Aortoiliac bypass
 (b) Right Lower Extremity – high grade stenosis at the proximal right common 

iliac artery due to eccentric calcified plaque. Moderate stenosis at the mid 
external iliac artery (Fig. 9.1a).

 4. Exchange Bentson for a stiff support wire (0.035-inch × 260 cm Terumo Angled 
Glidewire) and exchange the 5Fr guiding catheter for a 6Fr × 90 cm MP Mach 
1 guiding catheter within the aorta.

 5. Advance a crossing support catheter over the support guidewire (3.2Fr × 150 cm 
Spectranetics Quick-Cross Select catheter) and cross the R CIA and mid R EIA 
lesions. After crossing the lesions, the Glidewire may be exchanged for a super 
stiff 0.035-inch × 260 cm Amplatz wire in preparation for stent deployment at 
the proximal R CIA.

9 Transradial Access for Peripheral Arterial Disease: Aortoiliac Applications



68

Table 9.2 Devices Available for Transradial Lower Extremity Arterial Interventions

Device type Manufacturer Product Dimensions Comments

Sheaths and 
guiding catheter

Cook Shuttle sheath 5 Fr; 110 cm
Boston 
Scientific

Guiding catheter 6 Fr; 110/125 cm

Cordis Guiding catheter 5/6 Fr; 125 cm
Terumo Glidecath 4 Fr; 150 cm
Terumo R2P Destination 

Slender Sheath
5 Fr; 119/149 cm

R2P Slenguide 
catheter

Terumo 7 Fr (6 Fr ID); 
120/150 cm

Asahi Sheathless 
Eaucath

6.5–7.5 Fr (4–5 Fr ID); 
100 cm

Asahi Sheathless 
Eaucath

8.5 Fr (6 Fr ID); 
120 cm

NA

Guidewires Medtronic Nitrix 0.035″
Cardiovascular 
Systems

Viper 0.014″; 335–475 cm

Terumo Glidewire 0.035″; 350–450 cm
Boston 
Scientific

Novagold 0.018″; 480 cm Off-label

Support catheter Various 4–6 Fr; 135 cm, 150 cm
Percutaneous 
transluminal 
angioplasty (PTA) 
balloons

Cook Advance 14LP 4 Fr; 170 cm
Medtronic Pacific Plus 4 Fr; 180 cm; 7 mm 

max OD
Bard Ultraverse Rx 0.014″ 5 mm max OD; 

4–5 Fr; 200 cm; REx
Terumo Metacross 8 mm max OD;5 Fr; 

200 cm; REx
Drug-coated 
balloons

Various For 6Fr system with 
shaft length >120 cm 
most DCBs have max 
6 mm diameter

Bard Lutonix 7 mm,130 cm shaft 
length

Drug-eluting stents Boston 
Scientific
Cook

Eluvia
Zilver

6–7 mm, 130 cm, 6Fr
5–8 mm, 125 cm, 6Fr

Reentry devices NA
Self-expanding 
stents

Medtronic Everflex Entrust 7 mm max OD; 5 Fr; 
150 cm

Longest 
shaft

OptiMed Sinus SuperFlex 
518

10 mm max OD; 5 Fr; 
180 cm

NA

Terumo Metacross 8 mm max OD; 6 Fr; 
200 cm; REx

FDA 
approved 
but NA
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 6. Remove the Quick-Cross catheter and pre-dilate the stenosis with a balloon 
1–2 mm smaller (e.g., 5- or 6-mm balloon) before stenting. Note from authors: 
it is recommended that the stenosis is dilated before stenting is performed.

 7. Advance and deploy an appropriately sized stent across the proximal R CIA 
lesion (7  mm  ×  40  mm Everflex Entrust 150  cm shaft bare metal stent) 
(Fig. 9.1b).

Table 9.2 (continued)

Device type Manufacturer Product Dimensions Comments

Atherectomy Cardiovascular 
Systems

Diamondback 5 Fr; 200 cm

Source: Table updated and adapted from previous sources [16, 17]
Abbreviations: Fr French, ID inner diameter, NA not available in the USA as of (August 2019), OD 
outer diameter, Rex rapid exchange

a

d e

b c

Fig. 9.1 Angiography images demonstrating stenosis at the proximal right common iliac artery 
the right mid-external iliac artery (a), stent placement and deployment (b and c), positioning of 
balloon (d), and final post intervention image (e)
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 (a) Post deployment images show a residual stenosis at the proximal aspect of 
the stent (Fig. 9.1c).

 8. Advance an angioplasty balloon (6 mm diameter × 40 mm length Pacific Plus 
PTA 180 cm shaft length balloon) over the guidewire to the proximal aspect of 
the stent and angioplasty the stenosis in the native mid R EIA (not shown), and 
at the proximal aspect of the newly deployed stent at the R CIA under fluoro-
scopic guidance (Fig. 9.1d).

 9. Repeat angiogram shows acceptable residual stenosis at the stent and good 
luminal gain at the mid R EIA stenosis (Fig. 9.1e). Distal angiogram shows 
preserved runoff to the right foot.

 10. Remove the catheters, guidewire, and sheath from the arm and apply a radial 
hemostasis band for 60 minutes.

 Case 2

 Right External Iliac Artery Bypass Stenosis Causing Rutherford Grade 
III Claudication

Clinic Visit
71F with history of hypertension, hyperlipidemia, and peripheral arterial disease 
(history of right external iliac to SFA PTFE bypass) presenting with right lower 
extremity claudication (Rutherford Grade III), with preprocedural arterial duplex 
confirming a severe decrease in flow at the bypass anastomosis. Patient height: 
5 feet 1 inches. Barbeau B.

Procedure
 1. Obtain radial access as described in Chap. 4. Unfractionated heparin is given at 

80–100 mg/kg. Throughout the procedure an ACT is checked every 30–60 min-
utes, and heparin can be re-dosed at 1000 units to reduce risk of thromboem-
bolic events.

 2. Navigate to the infrarenal abdominal aorta using a 150 cm guidewire (Bentson 
Guidewire) and a 5Fr × 110 cm Sarah Radial diagnostic catheter (Terumo)

 3. Perform aortography and lower extremity angiography. Findings:

 (a) Patent distal aorta and bilateral common iliac arteries.
 (b) High grade flow limiting stenosis at proximal aspect of the right external 

iliac artery bypass graft (Fig. 9.2a).

 4. Advance the Bentson wire and diagnostic catheter system to the right external 
iliac artery. Exchange the Bentson for a stiff support wire (0.035-inch × 260 cm 
Terumo Angled Glidewire).

 5. Over the Glidewire, exchange the diagnostic catheter for a longer guiding 
sheath, 5Fr 110 cm shuttle sheath (Cook).
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a

c d

b

Fig. 9.2 Angiography images demonstrating stenosis at the external iliac artery (a), angioplasty of 
lesions (b), post angioplasty angiogram (c), post stent deployment angiogram (d)
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 6. Angioplasty the lesion. PTA balloons with working lengths capable of treating 
iliac artery lesions are compatible with both 0.035-inch and 0.018-inch wire 
systems.

 (a) Advance an angioplasty balloon over the guidewire (6 mm × 60 mm Boston 
Scientific Charger, 135 cm shaft). Angioplasty the lesion (Fig. 9.2b).

 7. Deflate the balloon and perform a repeat angiogram, which shows significant 
residual stenosis at the right external iliac artery (Fig.  9.2c). A stent will be 
required to address this lesion.

 8. Remove the balloon in preparation for a stent.
 9. Advance and deploy an appropriately sized stent across the site of the lesion 

(7 mm × 40 mm Everflex Entrust 150 cm shaft self-expanding stent).

 (a) Remove the stent delivery system and balloon angioplasty the stent to 
ensure wall adherence, using the previously used angioplasty balloon.

 10. Post-stent deployment angiogram demonstrates significantly improved flow to 
the right leg (Fig. 9.2d).

 11. Remove the catheters, guidewire, and sheath from the arm and apply a radial 
hemostasis band for 60 minutes.
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SFA Superior femoral artery
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Arterial Disease
TFA Transfemoral arterial approach
TRA Transradial arterial approach
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USPSTF United States Preventive Services Task Force

 Introduction

A brief introduction to peripheral arterial disease, relevant demographic informa-
tion, and indications and contraindications to transradial access for PAD are pre-
sented in the prior chapter. Unique to transradial access for treating infrainguinal 
PAD is the potential to treat both lower extremities from the same access site. This 
chapter builds upon the prior chapter by discussing applications of treating infrain-
guinal PAD via transradial access (TRA).
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In order to understand the available tools required to perform infrainguinal 
lower extremity interventions from the radial artery, we must again discuss two 
important factors: (1) distance from the radial artery and (2) vessel diameter, with 
increased importance given to the former. In discussing these variables, it is impor-
tant to understand that differences exist based on patient gender, height, and limb 
length. It has been estimated from anthropometric measurements that the distance 
from the left radial artery to the common iliac arteries is approximately 105–115 cm 
and 200 cm to the foot [1]. A map of distances from the left wrist to lower extrem-
ity vasculature as well as approximate vessel diameters can be seen in Fig. 10.1. 
The size of the radial artery and the target vessel is also important in device selec-
tion and for determining feasibility, as described in the prior chapter. Careful con-
sideration should be made to measuring the radial artery under ultrasound before 
procedures to limit complications, including arterial spasm and radial artery 
occlusion.

L wrist
(105-115 cm)

L wrist
(125-135 cm)

Iliac
[8-11 mm]

Common Femoral
[7-10 mm]

Deep Femoral

Superficial Femoral
[5-8 mm]

Popliteal [4-7 mm]

Tibio-peroneal trunk

Anterior Tibial
[2-4 mm]

Peroneal
[2-4 mm]

Posterior Tibial
[2-4 mm]

L wrist
(155-170 cm)

Fig. 10.1 Lower extremity 
arterial anatomy with 
distances from the left 
wrist and estimated vessel 
diameters. L left
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 Infrainguinal Disease

Similar to aortoiliac disease, the femoral artery remains the gold standard access 
site given its proximity to infrainguinal lesions. Unlike aortoiliac interventions via 
the wrist which is limited by vessel diameter and sheath size required for larger bal-
loons and stents, the major limiting factor for infrainguinal disease remains the 
working length of the tools available. Relative to aortoiliac interventions, infrain-
guinal interventions are more challenging and have a steeper learning curve. In 
order to cross heavily calcified lesions seen in PAD, adequate pushability and sup-
port is needed. Reinforced stiff support sheaths up to 110 cm and reinforced support 
catheters up to 150 cm have facilitated the crossing of more simple (TASC A-C) 
lower extremity lesions down to the popliteal artery [2–4]. Introducer sheaths used 
in one of the studies included a 8.5 Fr 120 cm Sheathless Eucath (Asahi, Japan) or 
a 6 Fr 125 cm guiding catheter (Cordis, USA), and lesions were angioplastied using 
a Pacific Plus balloon (Medtronic, USA) and stented using a 5 Fr self- expandable 
Sinus-SuperFlex-518 (OptiMed, Germany, not available in the USA) both 180 cm 
in shaft length. Patients with more complex lesions such as TASC D SFA lesions 
were excluded from most studies as the guiding catheters available typically do not 
have the support and pushability to cross longer total occlusions. However, with 
recently introduced tools such as the 6 Fr 119 and 149  cm Destination Slender 
sheath (Terumo, Japan), operators now have improved support that may help cross 
more difficult lesions as far as the foot.

Despite these improvements, we still do not have all the tools to provide inter-
ventions comparable to transfemoral access. For most patients, the lengths and sizes 
of drug-coated balloons (DCB) and drug eluting stent (DES) options are inadequate 
to treat infrainguinal lesions. This is because most available DCBs compatible with 
5 or 6 Fr introducer sheaths have a maximum balloon diameter of 6 mm with one 
balloon available up to 7 mm (130 cm length Lutonix, Bard). With the median diam-
eter of the proximal SFA of 8 mm at mean length of approximately 135 cm, devices 
may under dilate the proximal SFA and are of insufficient length to treat more distal 
lesions for most patients [5]. Other tools to help cross lesions such as re-entry 
devices are not yet available. This is important as subintimal paths to crossing 
lesions may be encountered from a TRA and operators may have difficulty re- 
entering the true lumen from the wrist. Theoretically in a very select patient popula-
tion, one might be able to use a covered stent (catheter lengths up to 135 cm) in the 
proximal SFA; however, this would require an extremely short patient with a large 
enough radial artery to accommodate a 6 Fr sheath. As such, above the knee infrain-
guinal disease is typically amenable to treatment with atherectomy, plain balloon 
angioplasty, as well as bare metal stenting using TRA, while for below the knee 
lesions, we are limited to atherectomy and angioplasty. At the present time, the lon-
gest available stent shaft in the USA is the 150 cm Everflex (Medtronic), and thus 
stenting is limited to above the knee for most patients. Atherectomy can be per-
formed with the 200  cm length Diamondback orbital atherectomy device (CSI) 

10 Transradial Access for Peripheral Arterial Disease: Infrainguinal Applications



78

which is compatible with a 470 cm Viperwire. It is important to note that long over-
the-write (OTW) devices up to 200 cm shaft length require at least 360 cm wires 
which is technically cumbersome and difficult (Table 9.2, prior chapter). Future 
industry support for tools on rapid exchange platforms with adequate shaft length to 
reach the infrainguinal region may help alleviate this challenge. Whether stents with 
longer shaft lengths are needed is still unclear as stenting below the knee is still 
considered off label. Upcoming trials are attempting to elucidate the role of stenting 
in this area. Along with limited options for bare metal stenting below the knee, there 
are no covered stent options for possible complications below the knee. At the pres-
ent time, management of vessel perforation from the wrist is limited to prolonged 
balloon tamponade, and dissection can only be managed with stenting as distal as 
the popliteal artery for most patients. Preparation of the groin for additional femoral 
artery access should be done for this scenario.

The use of TRA for infrainguinal disease in combination with a second access 
site such as pedal access can help treat lesions not amenable to TRA alone. Several 
studies have demonstrated that using both radial and pedal access can help treat 
more complex lesions in this area [6, 7]. However, this approach comes with its own 
risks as unlike the upper extremity vasculature the lower extremity may lack signifi-
cant collateral circulation to the foot and these vessels may be diseased themselves.

 Transradial Access for Infrainguinal Peripheral Arterial 
Disease: Technical Considerations and Case Examples

This section describes techniques and tools specific to TRA for treating infrainguinal 
disease. Procedural steps common to both aortoiliac and infrainguinal cases are 
described below and are followed with several example cases. Important points spe-
cific to the cases presented are highlighted in the blue boxes at the end of every case. 
While the complications for TRA have been previously discussed (Chap. 6), there are 
several differences that come with PAD interventions. Compared to other interven-
tions via TRA, PAD interventions typically require a larger and longer introducer 
sheath. This comes with a potential increased risk of radial artery occlusion, spasm, 
thromboembolism, arterial injury, and bleeding risk. As such careful manipulation of 
the aortic arch and monitoring of the introducer sheath while crossing lesions is impor-
tant. Additionally, use of vasodilatory and anticoagulants can help reduce 
complications.

 Radial Artery Access and Navigating to the Descending Aorta

The left radial artery is favored as it comes with a shorter distance, roughly 
10–12 cm, to the descending aorta and fewer great vessels are crossed [1]. This is 
important as device length can be a limitation of TRA. The specific radial access 
technique is described in detail in Chap. 4.
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TRA considerations for PAD is unique in that we recommend a 6 Fr sheath to 
ensure adequate catheter and stent platform compatibility. Thus, preprocedural 
patient selection is key to ensure that the procedure can be performed successfully 
via the radial artery.

Slightly different than the radial cocktail described in Chap. 4, a solution consist-
ing of 200mcg of nitroglycerin and 2.5 mg of verapamil is diluted and administered 
slowly through the radial artery sheath to limit spasm. Various dosages for radial 
cocktails have been used. Use of intra-arterial vasodilatory agents is important as 
upper extremity arterial spasm will reduce the lumen around the catheter and may 
increase the risk of complications. Patients undergoing PAD interventions also receive 
anticoagulation with 80–100  mg/kg of unfractionated heparin. An Active Clotting 
Time (ACT) is assessed every 30–60 minutes, and the heparin is re-dosed to reduce 
the risk of thromboembolic events. When heparin is contraindicated (e.g., heparin-
induced thrombocytopenia), it is recommended that Argatroban or Bivalirudin is used.

Operators have several available introducer systems involving sheaths and guid-
ing catheters to treat aortoiliac and infrainguinal lesions (Table 9.2). The cases 
described below will highlight their use. Of note, when a valveless introducer sys-
tem is used, a hemostatic valve should be placed to prevent retrograde bleeding 
from the catheter; however this comes at the expense of some external length, par-
ticularly of importance in infrainguinal disease treatment via TRA.

 Case 1

 Superficial Femoral Artery In-Stent Neointimal Hyperplasia 
Causing Hemodynamically Significant Stenosis

Clinic Visit
59 M with history of hypertension, hyperlipidemia, current smoker (129+ pack years), 
PAD (s/p previous right EIA stent, left SFA angioplasty, and stenting ~1 year prior) pre-
senting with evidence of intimal hyperplasia formation in left SFA stent causing hemo-
dynamically significant stenosis above the knee. Patient height: 5 feet 4 inches. Barbeau C.

Procedure
 1. Obtain radial access as described in Chap. 4. Unfractionated heparin is given at 

80–100  mg/kg. Throughout the procedure an ACT is checked every 
30–60   minutes, and heparin can be re-dosed at 1000  units to reduce risk of 
thromboembolic events.

 2. Navigate to the infrarenal abdominal aorta using a 150 cm guidewire (Bentson 
Guidewire) and a guiding catheter (6 Fr × 110 cm RunWay Guide MP1).

 3. Perform aortography and left lower extremity angiography. Findings:

 (a) Tortuous iliac arteries. Patent right EIA stent and left EIA.
 (b) Left lower extremity – patent left SFA stent, with focal in-stent intimal flap 

at the proximal SFA (Fig. 10.2a). Patent distal native SFA, popliteal artery, 
and three vessel runoff.
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 4. Exchange Bentson for a stiff support wire (0.035-inch × 260 cm Terumo Angled 
Glidewire), and navigate to the left proximal SFA for intervention.

 (a) Over the Glidewire, exchange the short introducer sheath and diagnostic 
catheter for stiff long introducer sheath (6 Fr × 45  cm Terumo Pinnacle 
Destination Guiding Sheath) and support guiding catheter (5 Fr × 100 cm 
Terumo Glidecath).

 5. Advance a crossing support catheter to the proximal SFA (3.2 Fr × 150  cm 
Spectranetics Quick-Cross Select catheter), and cross the proximal SFA intimal 
flap with the glidewire, advancing the support catheter forward as the glidewire 
is advanced.

 6. Angioplasty the lesion. All currently available over-the-wire PTA balloons with 
long working lengths compatible with radial access require no more than a 
0.018-inch diameter guidewire.

 (a) Exchange the Glidewire for a 0.018″ stiff guidewire (0.018-inch × 300 cm 
Boston Scientific V-18 Control steerable guidewire), and advance the wire 
to the distal SFA/popliteal artery.

 (b) Remove the crossing catheter (Quick-Cross), and advance an angioplasty 
balloon over the guidewire (6 mm diameter × 80 mm length Pacific Plus 
PTA 180 cm shaft length balloon) to the site of the lesion and dilate the 
balloon under fluoroscopic guidance (Fig. 10.2b).

 7. Repeat angiogram shows a persistent intimal flap. A stent will be required to 
address the intimal flap (Fig. 10.2c).

 8. Remove the balloon in preparation for a stent.
 9. Advance and deploy an appropriately sized stent across the intimal flap 

(6 mm × 80 mm Everflex Entrust 150 cm shaft stent) (Fig. 10.2d). Only self- 
expanding uncovered stents are available for working shaft lengths of 150 cm 
or greater).

 (a) Remove the stent delivery system and balloon angioplasty the stent to 
ensure wall adherence.

 10. Repeat angiogram shows restoration of flow without focal luminal narrowing in 
the left lower extremity (Fig. 10.2e). Distal angiogram shows preserved runoff 
to the left foot.

 11. Remove the catheters, guidewire, and sheath from the arm and apply a radial 
hemostasis band for 60 minutes.
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d e

b c

Fig. 10.2 Angiogram demonstrating focal in-stent intimal flap at the proximal left SFA (a), angio-
plasty of lesion (b) and persistence of intimal flap (c), positioning of stent (d), final angiogram 
demonstrating resolution of lesion (e)

10 Transradial Access for Peripheral Arterial Disease: Infrainguinal Applications



82

 Case 2

 Occluded Popliteal Artery and Posterior Tibial Artery Causing 
Nonhealing Toe Ulcers

Clinic Visit
83 y.o. male with history of CKD stage III, coronary artery disease s/p CABG, 
COPD, former smoker (75 pack years), hyperlipidemia, hypertension, thrombocy-
themia, and PAD who presents with right second toe ulcer for 2 months. Arterial 
duplex studies show a multifocal severe atherosclerotic plaque formation of the 
distal SFA, occlusion of the popliteal artery and posterior tibial artery. Patient 
height: 5 Feet 9 inches. Barbeau B.

Procedure
 1. Obtain radial access as described in Chap. 4. Unfractionated heparin is given at 

80–100 mg/kg. Throughout the procedure an ACT is checked every 30–60 min-
utes, and heparin can be re-dosed at 1000 units to reduce risk of thromboem-
bolic events.

 2. Navigate to the infrarenal abdominal aorta using a 150 cm guidewire (Bentson 
Guidewire) and a guiding catheter (5 Fr × 110 cm Sarah Radial)

 3. Perform aortography. Findings: tortuous iliac arteries, widely patent. Patent left 
profunda femoris artery and proximal SFA.

 4. Exchange for a stiff support sheath and a working wire/catheter.

 (a) Exchange the Bentson guidewire for a stiff support wire (0.035- 
inch × 260 cm Terumo Angled Glidewire).

 (b) Remove both the catheter and short introducer sheath, holding pressure 
over the arteriotomy.

 (c) Advance the 6 Fr × 149 cm R2P Destination Slender Guiding Sheath. Note 
that at least 150 cm of the support wire must be outside of the patient to 
safely advance the long sheath.

 (d) Advance the 5 Fr × 150 cm Spectranetics Quick-Cross Select Catheter and 
navigate to the right proximal SFA.

 5. Perform a right lower extremity angiography. Findings:

 (a) Tortuous iliac arteries, widely patent. Patent profunda femoris artery. Patent 
SFA, with multifocal calcifications throughout the mid and distal SFA, 
without significant luminal narrowing.

 (b) 2 cm chronic total occlusion of the mid popliteal artery which reconstitutes 
via collateral circulation by the geniculate arteries, and severe 2.5 cm ste-
nosis of the distal popliteal artery (Fig. 10.3a).

 (c) Two vessel runoff to the foot predominantly via the anterior tibial artery.

 6. Noting that the lesion is in the popliteal artery, a longer crossing catheter will 
be required. Through the long R2P sheath, exchange the system for a 5 
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Fr × 200  cm Vipercath XC support catheter and a specialized crossing wire 
(0.14″ × 475 cm ViperWire Advance). Note that greater than 200 cm of the wire 
must be outside of the patient to safely advance the catheter.

 7. Advance the crossing wire and catheter to the popliteal artery, just proximal to 
the occlusion.

 8. Cross the occlusion using the Viperwire, advancing the support catheter for-
ward for support as the wire is advanced. Once the identified popliteal artery 
lesions are crossed, advance the wire to the distal posterior tibial artery in prep-
aration for atherectomy.

 9. Leaving the Viperwire in position, remove the support catheter and advance the 
atherectomy device over the wire (200  cm shaft length 1.5  mm crown, CSI 
Diamondback Atherectomy).

 10. After ensuring adequate distal positioning of the Viperwire, atherectomy can be 
performed under direct fluoroscopic guidance.

a

d

b c

e f g

Fig. 10.3 Angiogram demonstrating chronic occlusion of mid popliteal artery and severe stenosis 
of distal popliteal artery (a), angioplasty of lesion (b), post angioplasty focal dissection (c), stent-
ing of dissection area (d), repeat angiogram without dissection (e), angiogram with balloon in 
place for focal stenosis (f), final angiogram with three vessel runoff (g)
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 11. Following adequate atherectomy of the target lesions, angioplasty may be per-
formed. Note that the stiff 0.014″ Viperwire can be used as the support wire for 
angioplasty.

 (a) Advance an angioplasty balloon over the guidewire (5  mm diame-
ter × 120 mm length Pacific Plus PTA 180 cm shaft length balloon) to the 
site of the lesion, and dilate the balloon under fluoroscopic guidance 
(Fig. 10.3b).

 (b) Repeat angiogram shows a patent popliteal artery; however, a focal dissec-
tion (Fig. 10.3c) is noted at the treated lesion in the mid popliteal artery. A 
stent is required.

 12. Leaving the Viperwire in position, an appropriately sized stent with an adequate 
shaft working length to reach the lesion is required (6.0 mm × 60 mm, 150 cm 
shaft Everflex Entrust Self-Expanding stent). The previously used balloon is 
utilized following stent delivery to ensure wall adherence (Fig. 10.3d).

 13. Repeat angiogram shows no dissection or filling defect of the treated lesions 
(Fig. 10.3e).

 14. Infrapopliteal angiogram shows focal stenosis of the mid posterior tibial artery, 
which can be treated with angioplasty.

 (a) Advance the Viperwire to the distal posterior tibial artery to the level of the 
lateral malleolus.

 (b) Angioplasty the stenotic lesion using an appropriately sized balloon with a 
shaft length that can reach the lesion (3 mm × 100 mm, 200 cm shaft length 
Ultraverse Rx PTA catheter) (Fig. 10.3f).

 15. Repeat angiogram shows restoration of three vessel runoff to the left foot with 
predominant supply via the posterior tibial artery (Fig. 10.3g).

 16. Remove the catheters, guidewire, and sheath from the arm and apply a radial 
hemostasis band for 60 minutes.

 Case 3

 Nonhealing Foot Wound

Procedure
 1. Obtain radial access as described in Chap. 4. Unfractionated heparin is given at 

80–100 mg/kg. Throughout the procedure an ACT is checked every 30–60 min-
utes, and heparin can be re-dosed at 1000 units to reduce risk of thromboem-
bolic events.

 2. Navigate to the infrarenal abdominal aorta using a 150 cm guidewire (Bentson 
Guidewire) and a guiding catheter (4 Fr Glidecath).

 3. Perform aortography and right lower extremity angiography. Findings:
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 (a) Patent right common femoral, profunda femoris, superficial femoral, and 
popliteal arteries.

 (b) Stenotic P3 segment and tibioperoneal trunk. Occluded right anterior tibial 
artery and peroneal artery. Single vessel run-off to right foot via the poste-
rior tibial artery (Fig. 10.4a). Severe stenosis of lateral plantar artery.

 4. Exchange the Bentson wire for a stiff support wire (0.035-inch  ×  260  cm 
Terumo Angled Glidewire) and advance to the distal popliteal artery.

 5. Exchange the short sheath for a 119 cm 6 Fr R2P Destination sheath (Terumo) 
down to the proximal SFA.

a

d e f

b c

Fig. 10.4 Angiogram demonstrating severe stenosis of distal popliteal and tibio-peroneal trunk 
(a), atherectomy device in place at site of lesion (b), angioplasty of lesion (c), distal angiogram 
showing stenosis of lateral plantar artery (d), angioplasty of the lateral plantar artery (e), post 
angioplasty angiogram with improved flow (f)
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 6. Exchange the guidewire for a 400 cm Viperwire (CSI) and carefully advance 
into the right posterior tibial artery.

 7. Advance a 200  cm orbital atherectomy device (Diamondback Atherectomy, 
CSI Systems) over the Viperwire, and perform atherectomy at the level of the 
focal stenosis of the tibioperoneal trunk (Fig. 10.4b).

 8. Post atherectomy angiogram demonstrates improved flow and reduced stenosis; 
however angioplasty is recommended to achieve further luminal gain.

 9. Remove the atherectomy device, and advance a 0.014″ 5 Fr 200  cm length 
4  mm Ultraverse rapid exchange balloon (Bard) to tibioperoneal trunk and 
angioplasty the lesion (Fig.  10.4c). Repeat angiogram shows significantly 
improved flow at the angioplasty site.

 10. Advance the Viperwire to the level of the lateral plantar artery and perform a 
repeat angiogram.

 (a) A high-grade stenosis of the lateral plantar artery is noted (Fig. 10.4d).

 11. Exchange for a 2.0 mm × 200 cm length Ultraverse rapid exchange balloon, and 
angioplasty the lateral plantar stenosis (Fig. 10.4e). Post lateral plantar artery 
angioplasty demonstrates markedly improved flow (Fig. 10.4f).

 12. Remove the catheters, wires, and sheath from the arm and apply a radial hemo-
stasis band for 60 minutes.
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Chapter 11
Aortic Endoleak Following Endovascular 
Aortic Repair

Wayne Martin Bauknight and Rahul S. Patel

 Introduction

Aortic aneurysm is defined as >50% increase in aortic diameter relative to normal 
aorta. Repair of abdominal aortic aneurysm (AAA) is indicated in patients who are 
symptomatic (tenderness and back pain), have a AAA ≥5.5 cm or has expanded by 
more than 0.5 cm within a 6-month interval, or is associated with infection or arterial 
disease. Endovascular aortic repair (EVAR) is generally preferred for repair of infra-
renal AAA or descending thoracic aortic aneurysm (TAA) in patients with suitable 
anatomy due to decreased perioperative and 1-year morbidity and mortality versus 
open repair, though reintervention rates are twice as high in EVAR treated patients 
[1–6]. Juxtarenal AAA typically requires fenestrated stent-graft with suprarenal fix-
ators. Suprarenal AAA, small caliber vessels, circumferential calcification, or exten-
sive tortuosity are generally anatomic contraindications to EVAR necessitating open 
repair, though next gen devices are under development for suprarenal AAA [6].

Successful EVAR excludes the aneurysm sac from systemic arterial pressure, 
preventing continued expansion or rupture. Failure to completely exclude the aneu-
rysm, leading to persistent arterial perfusion of the aneurysm sac, defines endoleak. 
Endoleak has a reported frequency of 20–25% in recent studies (up to 50% in earlier 
studies), and is associated with continued risk of expansion and rupture [1–10]. 
Typically, <20% of all EVAR patients require reintervention for endoleak [1–7, 
11–14]. Risk for endoleak, particularly type II, necessitates ongoing post-repair sur-
veillance, typically with 3-phase CT angiography (“gold standard”), 
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contrast-enhanced duplex ultrasound (CEUS) at 1-month post-EVAR, and annually 
thereafter [11, 15]. MR angiography (MRA) may be useful in cases where the 
endoleak source is difficult to identify.

In this chapter, we discuss (1) endoleak classification (I–V), (2) endoleak man-
agement and approach, and (3) considerations for transradial approach to endoleak 
management.

 Endoleak Classification

Incomplete aneurysm sac exclusion leads to five types of Endoleak (I–V), classified 
by the source of arterial leak. Endoleak types are summarized in Figs. 11.1 and 11.2. 
Frequency of endoleak at 6-year follow-up reported in the OVER trial was 30% 
overall, with Type I (12%), Type II (76%), Type III (3%), Type IV (3%), and 
Indeterminate/Type 5 (6%) [9]. Of note, OVER reported that 1/2 of endoleaks 
resolved spontaneously and 1/3 required secondary intervention [9].

 Type I

Type I endoleak results from incompetent vessel to stent-graft apposition and seal at 
the proximal (Ia) or distal (Ib) attachment sites, and can occur either immediately 
following stent-graft deployment or during the post-repair surveillance period (Late 

Type of Endoleak Definition

Type I Inadequate endograft seal

Ia Inadequate seal at proximal end of endograft

Ib Inadequate seal at distal end of endograft

Ic Inadequate seal at iliac occluder plug

Type II Backflow of blood from aortic collaterals into aneurysm
sac

Type III Component or fabric defect with flow from visceral 

vessels

IIIa: component disconnection Flow from module disconnection

IIIb: stent fabric disturbance Flow from fabric disruption (minor <2mm; major >2mm)

Type IV Flow from porous fabric (<30 days post EVAR)

Type V: endoleak of undefined origin Flow seen in sac but source unidentifiable

Fig. 11.1 Endoleak classification
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Type I). Type I endoleak occurs most commonly with difficult anatomy, such as a 
short aortic neck, failing first-generation endografts, or small leaks detected on high 
quality imaging [8, 16]. EUROSTAR, the largest published registry of 3595 patients, 
reported an overall Type 1 incidence of 10%, most of which resolved [8, 17, 18]. In 
a more recent review of the Vascular Study Group of New England, among 2402 
EVARs, only 3.3% had Type 1 endoleak (TIE) likely reflecting advances in stent- 
graft technology and operator experience. Factors associated with TIE included age, 
female sex, large endograft body, and unplanned graft extension. 90% of patients 
with TIE resolved without the need for reintervention at 1 year; however, persistent 
TIE was associated with increased mortality (OR 4.4) [19].

• Type 1a – Typical causes of Type Ia endoleak include aortic angulation, calcifica-
tion or reverse taper, mural thrombus, or improper sizing of the stent-graft. Of 
note, risk of Type Ia endoleak does not significantly differ between endografts 
with or without suprarenal fixation [20]. See Fig. 11.3.

• Type Ib – Causes of Type Ib (distal) endoleak typically include incorrect sizing 
of the iliac limbs or excessive tortuosity of the more proximal external iliac 
vessels.

• Late Ia/Ib – Conformational change in the aneurysm sac, aneurysmal degenera-
tion of the aortic neck or distal iliac arteries, progressive angulation at fixation 
sites, or graft migration are typical causes of late Ia/Ib endoleak [12–14]. Patients 
requiring large diameter devices to seal a dilated aortic neck (34–36  mm) or 
dilated iliac limb (>20 mm) have a higher risk of late Ia/Ib endoleak of 15% vs 
3–4% for “normal” sized devices (<34  mm aortic neck, <20  mm iliac limb) 
[21, 22].

Type I
endoleak

Type II
endoleak

Type III
endoleak

Type IV
endoleak

Type V
endoleak

Fig. 11.2 Graphic depiction of endoleak classification types. (Source: Reprinted with permission 
Springer International Publishing AG; N.A. Keefe et al., IR Playbook, 2018)
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 Type II

Type II endoleak is commonly discovered during post-EVAR surveillance and 
occurs due to the presence of patent lumbar, IMA, aortic, sacral, accessory renal, or 
intercostal branches (in TAA) allowing retrograde flow into the sac. See Fig. 11.4. 
Risk of Type II endoleak has been positively correlated with number and size of 
patent branches present prior to exclusion, especially from the IMA, in multiple 
reviews [2, 8, 18, 19, 23–28]. In a review of 832 EVAR patients, 23% had persistent 
type 2 endoleak (>6 months), most positively correlated with patent IMA feeders 
(HR 4.0). These data support prophylactic pre- or intraoperative embolization as a 
reasonable method to reduce type II endoleak risk [28]. According to the Vascular 
Study Group of New England database, hypogastric embolization, distal graft 
extension, older age, and type of graft were also significant risk factors [29]. Lower 
risk of Type II endoleak was associated with small vessel disease, including smok-
ing, peripheral vascular disease, and thrombus load [30, 31]. Clinical significance of 
persistent type II endoleak remains a source of debate, which we discuss in the 
management section below.

 Type III

Type III endoleaks are high pressure junctional leaks due to disconnected endograft 
components (Type IIIa) or suture break, ring fracture, or endograft fabric holes 
(Type IIIb), and can occur at the time of EVAR or during the surveillance period 

a b

Fig. 11.3 Type Ia (proximal) endoleak before (a) and after Palmaz balloon deployment (b). 
(Source: Reprinted with permission Springer International Publishing AG; N.A. Keefe et al., IR 
Playbook, 2018)
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[18, 19]. Type III endoleak warrants intervention [32, 33]. Late Type III endoleak is 
associated with change in conformation of the aneurysm sac, graft migration, dila-
tion of the aortic or iliac sites of attachment, and increased endograft angulation 
[34–36]. Type III endoleak was more common with earlier generation endografts, 
but current estimates across multiple platforms suggest a rate of around 2–3% [36–
38] as late generation endografts have very low material fatigue and longer overlap 
zones that decrease the likelihood of dissociation [34]. In the EUROSTAR registry, 
patients with Type III endoleak had a 9x increased risk of rupture vs all other EVAR 
pts. [39] See Fig. 11.5.

a

c

b

Fig. 11.4 Type II endoleak originating from a lumbar perforator (a) treated with coil embolization 
(b) and Onyx (c). (Source: Reprinted with permission Springer International Publishing AG; 
N.A. Keefe et al., IR Playbook, 2018)
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 Type IV

Type IV endoleak occurs due to endograft wall porosity leading to exudation of 
plasma across the graft wall. Type IV endoleak was commonly seen at completion 
angiography with early generation endografts with high permeability (i.e., polyes-
ter), but is much less common with current generation materials [33, 40, 41].

Fig. 11.5 Type III endoleak between graft components. (Source: Reprinted with permission 
Springer International Publishing AG; N.A. Keefe et al., IR Playbook, 2018)
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 Type V

Type V endoleak, sometimes referred to as endotension, is a “catch-all” bucket for 
endoleak of undefined origin or aneurysm sac expansion without a demonstrable 
endoleak by imaging [14].

As we will discuss in the next sections, there is little controversy over the natural 
history and need for treatment for Types I and III endoleak; however, optimal timing 
and treatment of Type II endoleak is still debated.

 Diagnosis/Post-EVAR Surveillance

Endoleak is frequently discovered during completion angiography (especially Type 
I and III as Type II requires delayed imaging) but may also be seen during post- 
EVAR imaging surveillance. Though blood in the sac is usually apparent, the source 
of leak can be difficult to determine. Additionally, though most endoleaks are 
asymptomatic (outside of overt rupture), new onset back or flank pain should raise 
suspicion and may warrant further interrogation [42, 43].

 Timing and Modality

Routine surveillance is mandatory to ensure endograft integrity and monitor for 
endoleak, sac enlargement, stent migration, and component dissociation. Updated 
guidelines from the Society for Vascular Surgery recommend baseline CTA (“gold 
standard”) and duplex ultrasound at 1 month followed by annual CTA or CEUS 
[44–50]. FDA-approved pivotal device trials required CTA or duplex ultrasound at 
6 months; however, evidence has shown that eliminating 6-month follow-up is rea-
sonable in patients without evidence of sac expansion or device abnormality at 1 
month [47–50]. Even in the presence of a Type II endoleak, most do not recommend 
6-month follow-up given the likelihood of conservative treatment and spontaneous 
resolution [44, 47–49, 51]. MRA may be considered as an alternative imaging 
modality due to increased sensitivity for detecting endoleak [52]. Some recommend 
initiating CEUS follow-up for all patients with stable or shrinking aneurysms 
instead of CTA to reduce radiation exposure [47]. Digital subtraction angiography 
is helpful to measure aneurysm sac pressure, while wireless pressure sensors have 
also been occasionally used [39, 49, 53–56].
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 Endoleak Management and Approach

The most common endoleak types (I/II/III) are typically managed with additional 
stent component placement or feeder embolization. However, while management 
recommendations for Types I and III endoleak are relatively established (necessitate 
reintervention), optimal follow-up and treatment for Type II endoleak remains con-
troversial. See Fig. 11.6 for a representative algorithm of endoleak management.

 Type I

Consensus recommendation is immediate repair of Type I endoleak upon discovery 
as Type I is a high-pressure endoleak associated with significant risk of rupture, 
open conversion, and death [57, 58]. For Type I endoleak discovered at the time of 
endograft placement, initial management consists of reballooning the endograft 
fixation site or potential reversal of intraoperative anticoagulation.

Endoleak present on surveillance imaging

Type I, III Indeterminate Type II

Sac enlargement
>5mm

Advanced Imaging

Option for endovascular repair?

Endovascular Repair

Endoleak Resolved Endoleak Persists

Y

Y

Y

N

N

N

Assess Risk for Open Repair

Endograft Surveillance

Type IV

Fig. 11.6 Algorithm for endoleak management
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• Type Ia: For persistent or late proximal (Ia) endoleaks, placement of additional 
aortic cuffs or balloon-expandable stents (e.g., Palmaz) through radial or femoral 
access maximize graft-aortic neck apposition by increasing radial force [59, 60]. 
Observation of small, persistent Type I endoleak with 1-month CT follow-up is 
reasonable in cases where the graft is seated flush with the lowest renal artery as 
most will resolve [59, 60].

• Type Ib: Persistent or late distal type I endoleak is typically managed through 
femoral access with iliac limb extensions. If the original iliac limb was under-
sized, a flared iliac extension can be deployed. If the distal common iliac cannot 
accommodate an extension, a branched device may be considered. If the extension 
will cover the ipsilateral hypogastric (internal iliac) artery, then hypogastric embo-
lization should be performed prior to stent deployment to prevent Type II endoleak, 
but may be associated with pelvic ischemia in 25% or more of patients [61–63].

• Refractory Type I: Persistent Type I endoleak despite the above methods represents 
a challenge. Placement of stents in the renal artery or SMA in combination with 
endograft extension (Chimney Technique) has shown reasonable results with lim-
ited follow-up [64–66]. Fenestrated (F-EVAR) or additional branched extension 
cuffs may also be considered, and have better mortality than open surgery, but 
require advanced technique to manage the challenges of the previously placed 
endograft [67]. No significant difference has been shown between Chimney and 
fenestrated endograft treated patients in 30-day mortality, renal impairment, or 
endoleak [65]. Endostaples may also be used preemptively to improve endograft 
apposition and seal but have shown mixed results in treating existing Type 1 
endoleak. In the ANCHOR trial using Heli-FX, 34% of patients continued to have 
Type 1a endoleak post treatment [68, 69]. If visceral branches preclude graft exten-
sion, glue, Onyx, or coils can be deployed between the graft and endograft wall, 
though these can create beam hardening artifacts on follow-up CT that may limit 
surveillance [53] . These advanced techniques may be attempted from transradial 
or femoral approaches. Open conversion is rarely required for delayed Type 1 
endoleak and may be associated with increased morbidity and mortality [70].

 – If rescue approaches described above are unsuccessful, watchful waiting of low-
flow Type I endoleak is reasonable as a high-resolution rate of >90% has been 
reported by multiple groups [16, 19, 71]. Resolution is potentially due to gradual 
aortic neck remodeling and improved aortic wall apposition over time. However, 
clinically significant, high flow Type I endoleaks are clearly associated with 
ongoing risk of rupture and should be evaluated for open repair [19, 57].

 Type II

Type II represents a low-pressure endoleak that may present as simple inflow- 
outflow pattern or may appear as a complex nidus resembling an AVM [7, 30, 72]. 
Post-EVAR, incidence is highest at 1 and 6 months, but may occur up to 5 years 
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following repair [7, 73–75]. Rate of Type II endoleak decreases to <10% after 
2 years of follow-up [25, 76].

• Criteria for Treatment: Type II endoleak has a relatively benign natural history 
with only ~1% associated with rupture and 60% spontaneous resolution rate 
within 6-months post EVAR [77, 78]. Patients with underlying small vessel dis-
ease or hypercoagulable states are more likely to have spontaneous resolution, 
while those with internal iliac occlusion or anticoagulation are more likely to 
persist [24, 29, 78–80]. Thus, prevailing consensus is continued observation and 
surveillance in the case of persistent Type 2 endoleak without sac expansion, and 
consideration of intervention only in the case of sac expansion >5 mm during 
interval follow-up [1, 3]. This is further supported by the findings that patients 
with persistent Type II endoleak have no increase in aneurysm-related mortality, 
and some patients may see their aneurysm shrink [77, 78]. Patients with persistent 
Type II endoleak for more than 6 months, however, do have up to 55% chance of 
some aneurysm sac expansion [24, 78–82]. In the EUROSTAR registry, cumula-
tive 2-year incidence of rupture was 1.8% in patients with Type II endoleak, which 
despite being numerically higher, was not statistically significantly different from 
the 0.9% in patients without endoleak [73]. Furthermore, a large meta-analysis of 
>1500 Type II endoleaks post-EVAR showed a rupture rate of only 0.9%, and 
43% of these had no evidence of sac expansion [26]. These data call into question 
the utility of >5 mm sac expansion as an indication for reintervention in Type II 
endoleak given the large portion of patients with rupture and no sac expansion.

• Treatment Technique: Repair of Type II endoleaks through transarterial and 
translumbar embolization is common to eliminate side branch perfusion. Choice 
of approach primarily depends on operator preference.

 – Transarterial embolization is the most common technique utilizing a coaxial 
system with microcatheters through femoral or radial access to cannulate the 
IMA or lumbar arteries and embolize Type II endoleak feeders. Selection 
through the internal iliac (superior gluteal) or SMA (middle colic and mar-
ginal) arteries is common. Microcoils are common, but glue, thrombin, and 
Onyx are also used with no clear evidence to support one over the other [7].

 – Translumbar embolization with the patient in the prone position may also be 
considered as an alternative to transradial access when femoral access is not 
feasible, but is relatively uncommon [80, 83–85]. Following aneurysm sac 
access from a paraspinal approach, a “sacogram” is performed through a long 
needle (20  g) prior to 5F catheter insertion, angiography, and subsequent 
microcatheter interrogation of the sac and target arteries for embolization.

 – Transcaval and ventral approaches have also been described with limited data 
[80, 86]. Transcaval approach is typically used in patients with an aneurysm 
sac located to the right of midline limiting transarterial or translumbar 
approaches. After obtaining a venogram of the iliac vein and IVC, a TIPS 
needle is directed into the IVC and exchanged for a catheter to perform angi-
ography and identify the afferent and efferent branches. Care must be taken 
not to deploy embolization material into the IVC.
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 – Success, defined as no recurrence of Type II endoleak during follow-up, was 
not significantly different between transarterial and translumbar approaches 
in a study of 386 pts. from 2006 to 2015 [87]. Recurrence and need for rein-
tervention are not uncommon, however, and continued expansion despite 
technical endovascular success can necessitate laparoscopic or open ligation 
associated with increased morbidity and mortality [88–90].

 – Pre- or Intraoperative Embolization: Given Type II endoleak is correlated 
with number and size of patent branches, prophylactic embolization of IMA 
or lumbar feeders prior to endograft deployment is reasonable, and has been 
shown to significantly lower the need for secondary intervention [91].

 Type III

Consensus recommendation is to treat Type III endoleak immediately to prevent not 
only aortic rupture, but also obstruction of aortic blood flow due to graft uncoupling 
leading to ischemia [36, 58].

• Treatment Technique: Cannulation of the main body gate through femoral access 
can be challenging if offset, but once achieved, standard treatment typically con-
sists of additional stent-graft component deployment to seal fabric defects or 
bridge disconnections between components. Alternatively, an entirely new bifur-
cated endograft may be deployed within the existing device, particularly appro-
priate when the endograft has migrated significantly from the proximal 
attachment site or in the case of multiple component dissociation [34].

 Type IV

Type IV endoleak is self-limited by thrombosis of endograft material defects, typically 
within 24 hours post-EVAR [34, 35]. Type IV endoleak is not associated with long-
term adverse effects and does not necessitate treatment or intervention but can obscure 
more concerning Type I or III endoleak if seen at completion angiography [34, 35].

 Type V

Type V endoleak or “endotension” of undefined origin or sac expansion without iden-
tifiable endoleak source is not well described, but in a limited number of cases, has 
been linked to an incomplete seal at the landing zone with laminated thrombus that 
prevents demonstration of an endoleak [86]. Original grafts with semiporous material 
(i.e., Excluder) were commonly associated with endoleak of undefined origin, with 
treatment consisting of relining the existing graft with a new lower- porosity material. 
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Given the sensitivity of MRA over CTA, MRA may be reasonable to aid in endoleak 
source identification. Treatment of Type V endoleak typically involves extending the 
endograft limbs or relining the original endograft with a new endograft. If unsuccess-
ful, explantation of the endograft and open surgical repair may be necessary.

 A Word on Anti-thrombotic Therapy and Endoleak

Consideration for temporarily withholding antithrombotic therapy to resolve 
endoleak (mostly Type II) is highly controversial and may depend on multiple fac-
tors such as patient history, device type, and significance of the endoleak [34, 35, 
79, 89–94]. There is some data that correlate antithrombotic therapy with lack of 
aneurysm sac shrinkage and endoleak persistence [79]. A systematic review showed 
antithrombotic therapy increased risk of any type of endoleak (OR 1.8) and increased 
risk of persistence of Type II endoleak (OR 1.6), but risk/benefit must be carefully 
weighed in the context of the patient [79].

 TEVAR Endoleak Management

TEVAR endoleak management mirrors that of AAA EVAR, though there is less 
supporting data. The European Talent Thoracic Retrospective Registry identified 
Type I or III endoleak in 10%, with other series demonstrating similar incidence 
[95–99], relatively in-line with AAA EVAR. As with AAA EVAR, Types I and III 
TEVAR endoleak necessitate definitive repair. Type III endoleak can be simply 
treated with a bridging graft, but Type I endoleak can be more challenging if proxi-
mal or distal landing zones are short or aneurysmal [100–103]. If endovascular 
treatment of Type 1 endoleak is not feasible, debranching of the supraaortic vessels 
may be required to extend the seal zone for additional endografting [104]. As with 
AAA EVAR, current consensus recommends intervention in Type II endoleak asso-
ciated with aneurysm sac expansion. If related to the origin of the left subclavian, 
Type II endoleak can be treated with ligation, plugging, or coiling of the subclavian 
artery with or without revascularization given the significant collateral supply 
around of the left upper extremity [104]. Other endoleak branch vessels can be 
embolized through translumbar or transthoracic approaches with coil or glue.

 Complex Endograft Endoleak Management

Fenestrated (F-EVAR), branched, or chimney endografts enable customization of 
the proximal landing zone to optimize seal and are deployed in AAA involving 
visceral vessels with common or hypogastric artery aneurysms where preservation 
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of flow is required. The Chimney or snorkel technique is often employed when 
suprarenal endograft placement to gain additional neck length is warranted [95]. 
While durable, their complexity lends to increased risk of component dissociation 
[105, 106]. Fenestrated or branched grafts incorporate side holes or stents for vis-
ceral or arch branches and were shown to have a low Type Ia endoleak incidence of 
2.8% in a large series of 969 patients [106]; however the risk/benefit versus increased 
component instability is still debated. The Chimney technique deploys a covered 
stent into a vital aortic branch, extending the sealing zone of the stent-graft beyond 
the branch artery. However, Chimney grafts are at increased risk for Type 1 “gutter” 
endoleaks between the main aortic graft and side branch stent. A systematic review 
showed a 13% and 11% early Type I endoleak for visceral and arch chimneys, 
respectively, and 25% and 4% rate of Late Type I endoleak in visceral and arch 
chimneys reflecting risk for “gutter” endoleak [107]. Comparison between F-EVAR 
and Chimneys has not shown significant differences in rates of endoleak [65].

 Endoleak Prevention

Endoleak prevention starts with careful patient and device selection. Patients with 
less than 10–15 mm of aortic neck length, aortic neck angle >60°, suitable iliac arte-
rial landing zone with diameter >7 mm, and without significant calcification are at 
high risk for either technical failure or endoleak. Consideration of laparoscopic or 
open repair in these patients is reasonable.

• Type I and III endoleak can generally be avoided by:

 – Proper stent-graft size selection (oversizing by 15–20% is common to ensure 
adequate radial force to prevent migration and generate seal). Both under and 
oversizing the device can lead to endoleak, with oversizing potentially caus-
ing incomplete device expansion or kinking leading to thrombus [35, 108].

 – Ensuring adequate proximal and distal landing zones.
 – Sufficient graft overlap with modular stent-grafts.
 – Appropriate balloon expansion at the attachment sites.
 – Correction of radiographic parallax to ensure proper positioning.

• Type II endoleak prevention technique remains debated, but commonly includes:

 – Pre-op or intraoperative embolization to occlude patent aortic side branches 
(commonly from IMA or large lumbar branches) appears to be an effective 
method to reduce Type II endoleak incidence [109–117]. Patients who did not 
receive embolization have a statistically significant increase in incidence of 
Type II endoleak and secondary intervention to treat Type II endoleak [91]. 
Note that prior to branched devices, hypogastric embolization was more com-
mon; however, today, this technique should generally be reserved in patients 
in whom external iliac extension is deemed necessary given the risk of pelvic 
ischemia.
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 – However, the decision to perform pre- or intraoperative embolization comes 
with risk, especially in inexperienced hands, as this generally increases fluo-
roscopy time and carries the risk of coil dislocation and higher overall 
cost [72].

 Considerations for Radial Access in Treatment of Endoleak

EVAR is performed with bilateral femoral access to place endografts using standard 
guidewire access and progressive dilation to place the endograft sheath. Given most 
Type I and III endoleak are identified at the time of completion angiography, treat-
ment via ballooning and additional endograft components can be performed through 
the existing femoral sheaths. Persistent Type II and delayed Type Ia endoleak may be 
attempted through radial access. In general, radial access is associated with lower 
cost, improved patient comfort, fewer vascular complications, and earlier ambulation 
when compared to femoral access [118]. Risks of transradial approach include radial 
artery injury or spasm and rarely perforation or compartment syndrome reported in 
1% and 0.004%, respectively [119–122]. Typical approach following ultrasound 
guided radial puncture and sheath insertion includes positioning of a 6F glide cathe-
ter at the ostium of the type Ia endoleak, cannulating with a microcatheter system to 
interrogate the seal (e.g., Cera), and deploying coils and Onyx or an aortic cuff [123].

An early 2013 case report in an 80-year-old patient undergoing successful transra-
dial repair of a large, posterior Type I endoleak with embolization release controlled 
spirals and Onyx concluded that a transradial approach appears to be a safe and effec-
tive alternative to femoral access [121]. Further reports of late Type Ia endoleak 
treated by transradial approach have shown similarly successful outcomes [123–125].

Deployment of advanced Chimney (snorkel) technique has also been described 
successfully utilizing transradial approach. A 2017 case report detailed a 71-year- 
old requiring a left renal snorkel to augment the proximal seal zone delivered tran-
sradially (6 Fr sheath and 6  mm iCast stent) [124]. Additionally, “gutter” 
embolization (coil and Onyx) of an existing snorkel was described in a complex 
renal and liver transplant patient with bilateral occluded renal snorkels [125].

 Summary and Recommendations

• Endoleak post-EVAR remains a common complication in 20–50% of patients 
despite advances in technique and endograft device.

• Endoleak surveillance recommendations include 1-month CTA and baseline 
CEUS, followed by annual CTA or CEUS for patients without evidence of sac 
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expansion or device defect. Patients with sac expansion or device defect should 
receive additional 6-month imaging follow-up.

• Type I endoleak (proximal Ia or distal Ib seal defect) should be repaired immedi-
ately, typically with reballooning attachment sites and/or placement of additional 
stent components. Persistent low-flow type I endoleak can be monitored conser-
vatively given the high likelihood for spontaneous resolution. Late Type Ia may 
be approached transradially, while Type 1b is typically not possible from a radial 
approach.

• Type II endoleak (IMA or other aortic branch feeders) is both common and a 
source of debate in terms of management. Spontaneous resolution is common 
and risk of rupture is low. Current treatment recommendation is in patients 
with >5 mm sac expansion on interval follow-up; however some reports sug-
gest lack of expansion in many (>40%) of patients who rupture. More aggres-
sive centers may treat all persistent Type II endoleak with any level of 
continuous expansion, while more conservative centers align with the 5 mm 
interval rule. Type II endoleak is correlated with number and size of patent 
branches; thus the best “treatment” for type II endoleak may be proactive, 
prophylactic IMA/Lumbar feeder embolization at the time of 
EVAR. Management of Type II endoleak may be attempted through transradial 
or femoral access.

• Type III or junctional endoleak due to component disconnection or fabric defect 
is uncommon due to improved endograft technology with longer overlap zones 
and improved material fatigue. Type III endoleak should be treated immediately 
through femoral access and typically involves placement of stent-graft compo-
nents to bridge and seal the defect.

• Type IV endoleak due to graft porosity is self-limiting, resolves in 24 hours, and 
is not associated with long-term adverse events.

• Type V endoleak or endotension of undetermined origin has been linked to lami-
nated thrombus that prevents clear endoleak expression and with early genera-
tion polyester grafts. MRA may be more sensitive than CTA in identifying an 
endoleak source in these patients. Treatment may consist of relining the old 
endograft with new stent-graft placement.

• Fenestrated, branched, or chimney endografts are advanced techniques that help 
preserve vital vessel flow and aid in the management of persistent endoleak, but 
come with an increased risk of component separation or failure.

• Transradial delivery of stent graft components or feeder embolization to treat 
post-EVAR delayed Type Ia and persistent Type II endoleak appears reasonable 
given improved outcomes, including patient comfort, earlier ambulation, and 
lower complications. Advanced techniques such as deployment of Chimney and 
F-EVAR and branched device have also been successfully managed transradi-
ally. Certainly, however, more complex cases or failure of transradial repair may 
require additional femoral access and/or open repair.
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Fig. 11.7 Case 1: (a) Contrast enhanced CT angiogram demonstrating endoleak with enlarging 
aneurysmal sac. Findings on CT were consistent with a Type Ia leak. (b) Digital subtraction angio-
gram via 6fr MP guide catheter demonstrates a posterior Type Ia endoleak. (c) Digital subtraction 
angiogram via microcatheter demonstrates outflow lumbar arteries and filling of AAA sac. (d) 
Completion angiogram demonstrates EVOH and coils sealing Type Ia endoleak

 Case Images (Figs. 11.7, 11.8, and 11.9)

Fig. 11.8 Case 2: (a) CT angiogram demonstrates contrast within the aneurysmal sac. This was 
consistent with a Type II endoleak. (b) Digital subtraction angiogram demonstrates Type II 
endoleak (arrow) arising from right iliolumbar artery. (b) Digital subtraction angiogram demon-
strates Type II endoleak (arrow) arising from right iliolumbar artery. (c) Digital subtraction angio-
gram via microcatheter in a branch of the right iliolumbar artery demonstrating collateralized flow 
into right lumbar arteries and filling of aneurysm sac consistent with Type II endoleak. (d) Digital 
subtraction angiogram after microcatheter is advanced into aneurysm sac demonstrating endoleak 
and left lumbar artery outflow vessel. (e) Completion spot image demonstrating embolization of 
the Type II endoleak using a combination of EVOH and microcoils
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Interventions
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Abbreviations

AVF Arteriovenous fistula
DVT Deep vein thrombosis
EVOH Ethyl vinyl alcohol
n-BCA n-Butyl cyanoacrylate
SVC Superior vena cava

 Subclavian and Upper Arm Interventions

Although arterial disease is diagnosed less often in the upper extremities, there are 
still a broad range of endovascular interventions that are routinely performed in the 
upper extremities and chest. Thoracic outlet syndrome, dialysis fistula formation, 
limb ischemia, and trauma are a few of the many reasons an intervention may be 
needed in the upper arms. 40% of all cases of extremity penetrating trauma involve 
the arm, and accessing the upper arm using the nearest access can be essential in 
controlling and fixing major upper extremity bleeds [1].

The radial artery is an ideal access point for upper arm interventions due to the 
proximity to the target area, reduced access-site related bleeding complications [2], 
reduced risk of groin complications in obese patients [3], and lack of arch manipula-
tion. The use of the transradial approach also allows for immediate ambulation, 
which can help decrease the duration of hospital stays and reduce the risk of devel-
oping deep vein thrombosis (DVT). This chapter will outline the use of the transra-
dial approach for five different interventions performed on the upper arm to show 
both the feasibility and safety of this approach.
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 Case 1

 Left Subclavian Arteriovenous Malformation Causing Severe 
Left Upper Extremity Pain, Swelling, and Ulceration

Clinic Visit
80 M with a history of hypertension and hyperlipidemia who presented with severe 
left upper extremity pain, swelling, and erythema following pacer lead placement 
complicated by central venous stenosis, status-post angioplasty, found to have a left 
subclavian arteriovenous malformation on CT venogram. The patient underwent 
coil/ethyl vinyl alcohol (EVOH) embolization of subclavian artery branches supply-
ing the AVF but returned with only a 50% reduction of left arm swelling with per-
sistent left hand swelling and ulceration.

Procedure
 1. Obtain radial access as described in Chap. 4. 3000 units of heparin, 200mcg of 

nitroglycerin, and 2.5  mg of verapamil are given through the arterial sheath 
with slow hemodilution.

 2. A 4Fr angled Berenstein catheter was advanced through the left radial artery 
sheath into the left subclavian artery.

 3. Upper extremity angiography was performed. Findings include:

 (a) Coils and EVOH from prior embolization are noted (A).
 (b) Multiple subclavian arterial feeders to the subclavian arteriovenous fistula 

are visualized (B).

 4. A dominant superolateral feeding arterial branch was selected using a 4Fr diag-
nostic catheter.

 5. Gentle contrast injection demonstrated brisk flow into the subclavian vein.
 6. Further catheterization was performed by placing a 2.4Fr microcatheter through 

the diagnostic catheter.
 7. Digital subtraction angiography was performed to evaluate the flow dynamics 

and volume of contrast required for embolization.
 8. Embolization of this vessel was performed using 0.3 mL of n-Butyl cyanoacry-

late (n-BCA) glue (1:7 ratio; glue/Lipiodol) under fluoroscopic guidance to 
ensure adequate embolization without reflux.

 9. The microcatheter was then removed.
 10. Digital subtraction angiography was performed in multiple projections demon-

strating a significant decrease of flow into the subclavian vein through the sub-
clavian arteriovenous fistula (C).

 11. Remove the catheters, guidewire, and sheath from the wrist and apply a radial 
hemostasis band for 60 minutes.
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 Case 2

 Left Subclavian Artery Embolization in a Patient with Persistent 
Endoleak from Thoracic Stent Graft

Clinic Visit
59 M with a history of hypertension, diabetes, hyperlipidemia, stroke, and type B 
aortic dissection status-post thoracic endovascular aortic repair with CTA demon-
strating a persistent endoleak. Angiogram demonstrated filling of the false lumen 
from the left subclavian artery.
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Procedure
 1. Obtain radial access as described in Chap. 4. 3000 units of heparin, 200mcg of 

nitroglycerin, and 2.5 mg of verapamil are given through the arterial sheath with 
slow hemodilution.

 2. A 5Fr diagnostic catheter was advanced in the subclavian artery, and angiograms 
were performed in multiple obliquities to identify the origin of the left verte-
bral artery.

 3. Angiogram demonstrated persistent filling into the false lumen of the thoracic aor-
tic dissection, around the previously placed thoracic aortic artery stent graft (A).

 4. The origin of the left subclavian artery was embolized using multiple 0.035 coils 
through the diagnostic catheter (B), and microcoils through a 2.4Fr microcathe-
ter were used to fill the coil pack (C).

 5. Microcatheter was removed and angiograms performed through the 5Fr diagnos-
tic catheter demonstrated (D).

 (a) Brisk flow through the left vertebral artery.
 (b) No evidence of persistent flow through the origin of the left subclavian artery.

 6. Remove the catheters, guidewire, and sheath from the wrist and apply a radial 
hemostasis band for 60 minutes.

a b

c d
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 Case 3

 Embolization of Right Brachial Artery Branches Supplying 
Metastatic Humeral Mass

Clinic Visit
60 M with a history of renal cell carcinoma status-post radical nephrectomy who 
presented with 3 weeks of right upper extremity weakness. CT showed a new meta-
static bone lesion in the right humerus.

Procedure
 1. Obtain right radial access as described in Chap. 4. 3000 units of heparin, 200mcg 

of nitroglycerin, and 2.5 mg of verapamil are given through the arterial sheath 
with slow hemodilution.

 2. A 5Fr Sarah Radial catheter was advanced through the sheath into the right sub-
clavian artery.

 3. Arteriogram was performed from this location and showed a hypervascular mass 
with dominant feeding vessels from two deep brachial artery branches (A).

 4. The 5Fr Sarah Radial catheter was exchanged for a Cobra Glidecath and a 2.4Fr 
microcatheter system.

 5. Embolization was performed with ½ a vial of 300–500 micron embospheres of 
each brachial artery feeder.

 6. Angiography was performed. Findings:

 (a) Decreased vascularity to the right humeral tumor mass (B and C).

 7. Remove the catheters, guidewire, and sheath from the wrist and apply a radial 
hemostasis band for 60 minutes.

a b c
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 Case 4

 Thrombosis of Left Arteriovenous Fistula in Dialysis Patient

Clinic Visit
75 M with a history of diabetes and end-stage renal disease on dialysis presented 
with decreased thrill of left arteriovenous fistula. Duplex imaging demonstrated 
venous thrombosis of the fistula requiring intervention.

Procedure
 1. Obtain left radial access as described in Chap. 4. 3000 units of heparin, 200mcg 

of nitroglycerin, and 2.5 mg of verapamil are given through the arterial sheath 
with slow hemodilution after placement of a 5/6Fr Glideslender sheath.

 2. A 5Fr Sarah Radial catheter was placed in the brachial artery and a fistulagram 
was performed. Findings:

 (a) Complete thrombosis of the arteriovenous fistula (A).

 3. Using a 5Fr 100 cm angled glide catheter and a 0.035 angled Glidewire, the 
fistula was accessed and crossed to the level of the innominate vein (B).

 4. A central venogram was performed demonstrating latency of the brachioce-
phalic vein and SVC.

 5. Pulse spray thrombolysis was performed with 4 mg of tissue plasminogen acti-
vator (tPA) and 7000 units of heparin as the catheter was withdrawn from the 
level of the left innominate vein to the fistula anastomosis and left to dwell for 
30 minutes.

 6. The 5Fr glide catheter was exchanged for a 6 mm balloon to perform balloon 
maceration to the level of the innominate vein (C).

 7. A Epic 10 × 40mm stent was placed in the venous outflow axillary vein due to 
persistent narrowing despite angioplasty (D).

 8. A follow-up venogram was performed. Findings:

 (a) Patent arteriovenous fistula, anastomosis, and venous outflow (E).

 9. Final fistula palpation demonstrated a palpable thrill.
 10. Remove the catheters, guidewire, and sheath from the wrist and apply a radial 

hemostasis band for 60 minutes.
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 Case 5

 Embolization of a Persistent Left Circumflex Humeral 
Artery Bleed

Clinic Visit
68 M with a history of alcoholic cirrhosis presented after a fall with anemia and left 
upper extremity swelling. Eight units of packed red blood cells were given over the 
course of 5 days; however, patient’s hemoglobin and hematocrit continued to drop.

Procedure
 1. Obtain radial access as described in Chap. 4. 3000 units of heparin, 200mcg of 

nitroglycerin, and 2.5 mg of verapamil are given through the arterial sheath with 
slow hemodilution.

 2. A 5Fr MPA catheter was then used to navigate through the arm and into the left 
axillary artery, and angiography confirmed multiple foci of bleeding arising 
from vessels of the left circumflex humeral artery.

 3. Ultimately, a branch of the left circumflex humeral artery was subselected using 
a 5Fr glide catheter and a 2.4Fr microcatheter (show pictures).

 4. This branch was embolized using n-BCA in a 5:1 ratio. Glue cast seen in Fig. (B).
 5. Angiogram was performed. Findings (C):

 (a) No evidence of early venous drainage or bleeding.
 (b) No evidence of non-target embolization.

 6. Remove the catheters, guidewire, and sheath from the wrist and apply a radial 
hemostasis band for 60 minutes.

a b

c
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UAE Uterine artery embolization

 Introduction

Before uterine artery embolization was first described in 1995 [1], patients with 
symptomatic uterine fibroids, adenomyosis, and post-partum bleeding who failed 
conservative management were traditionally treated with surgical options. In the 
1990s, uterine artery embolization (UAE) began to be popularized as an alternative 
treatment option, particularly for patients who did not want to lose their uterus. 
Since then, comparisons between UAE and surgical treatments have demonstrated 
that the safety and efficacy of UAE is comparable to myomectomy [2–4], and that 
UAE patients recover faster with fewer major complications than hysterectomy 
patients, although they have a higher rate of re-intervention [5–9].

Like the vast majority of interventional radiology procedures, uterine artery 
embolization has traditionally been performed via unilateral femoral artery punc-
ture. Some even perform bilateral femoral artery puncture to simultaneously embo-
lize the uterine arteries and decrease fluoroscopy time in the young female UAE 
population [10]. Now, with the broad range of long catheters and wires available, 
transradial access is technically feasible and increasingly being used (case 1). 
Studies have demonstrated 100% technical success rates with transradial UAE [11, 

R. Korff · S. Honig · S. Nowakowski (*) 
Department of Diagnostic, Molecular and Interventional Radiology, 
Icahn School of Medicine at Mount Sinai, New York, NY, USA
e-mail: scott.nowakowski@mountsinai.org

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-81678-0_13&domain=pdf
https://doi.org/10.1007/978-3-030-81678-0_13#DOI
mailto:scott.nowakowski@mountsinai.org


124

12]. Tools such as the Glidesheath Slender have allowed for intervention with the 
necessary sized tools while maintaining a smaller radial artery puncture site to 
reduce spasm and increase the technical ease of the procedure. Conventional cath-
eter/guidewire combinations can readily access the bilateral uterine arteries. 
Catheter lengths are available to accommodate even taller patients, and successful 
transradial UAE in women up to 178 cm tall has been described in the literature 
[13]. Microcatheters can be used in a variety of situations including difficult anat-
omy, spasm, desire to bypass distal non-target vessels, and physician preference 
(case 2). Further development of longer, smaller diameter tools will improve the 
already low complication rate with transradial UAE.

In addition to treatment of fibroids and adenomyosis, radial access for UAE has 
also been performed in cases of post-partum and post-operative hemorrhage (case 
3). Another advantage of radial access in post-operative patients includes access 
remote from the operative site.

 Safety

Over the past several decades, there have been many developments in UAE which 
have improved the procedure’s safety. With new fluoroscopy technology, DAP radi-
ation exposure to our patients is reduced. In addition, new, longer microcatheters 
allow the operator to access vessels more distally and avoid nontarget embolization 
when necessary. Transradial access is the next innovation in improving patient safety 
in UAE.  In the cardiology literature, procedures done via transradial access have 
demonstrated fewer access site complications than those done via transfemoral 
access. It has already been shown in the interventional oncology literature that tran-
sradial access is safe and feasible [14], and similar results have been found in UAE 
patient populations. Studies have demonstrated that in UAE, transradial access has 
zero to equivalently low complication rates compared to transfemoral access, with-
out a difference in fluoroscopy times between the two access approaches [12, 13, 15].

The coronary artery intervention literature demonstrates that transradial access is 
not associated with an increased risk of clinically relevant procedure-related neuro-
logic complications compared to the transfemoral approach [16]. This data suggests 
that neurologic complications associated with coronary artery interventions are not 
secondary to utilization of radial access. In addition, UAE patients are on average 
younger and healthier without coronary or peripheral vascular disease compared to 
the cohort evaluated in the coronary literature. Also, coronary interventions are per-
formed upstream of all four great vessels, leading to a higher likelihood of athero-
sclerotic debris or clot causing a stroke; conversely, transradial UAE is performed 
downstream and remotely from the great vessels and passes only the origin of the 
left vertebral artery along its course. There have been no published cases of stroke 
after transradial UAE in the literature to date.

While the young and healthy UAE population has a lower risk of stroke with transra-
dial procedures compared to patients undergoing transradial coronary artery or 
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peripheral interventions, this population is at a greater risk for radial artery complica-
tions. There is a theoretical increased risk of upper extremity artery spasm in the UAE 
population, since female gender is an independent predictor of radial artery spasm [17]. 
In addition, women have a smaller mean radial artery diameter than men (2.59 vs 
1.91 mm) [18], making radial artery occlusion more likely. Applying nitroglycerin paste 
pre-procedure and injecting a radial artery intraarterial medication solution at the start of 
the procedure allow for easier access and decreased risk of access site complication. 
Future research into methods for reducing radial artery spasm and occlusion like injec-
tion of subcutaneous nitroglycerin [19] and ulnar artery compression during radial artery 
hemostasis [20] have the potential to even further improve the safety of transradial UAE.

 Pain Management and Patient Satisfaction

Pain control methods after UAE have evolved over the past several years. While some 
techniques like pre-procedure oxycodone have failed to demonstrate improved results 
[21], intraarterial lidocaine [22] and superior hypogastric nerve block [23] have demon-
strated improvement in postoperative pain. A common peri-procedural pain-manage-
ment regimen consists of intraarterial lidocaine during the procedure, 60 mg intravenous 
Toradol (1–2 doses) and 1000 mg intravenous Tylenol during the procedure, and NSAIDs 
such as ibuprofen or ketorolac with Percocet for breakthrough pain when patients are at 
home. It is also useful to emphasize the expected post-procedure cramping and pain 
when seeing patients in consult and again just prior to entering procedure room.

Transradial access is a cornerstone in the strategy to increase patient comfort 
after UAE. In oncology patients, it has already been demonstrated that patients pre-
fer transradial access over transfemoral access [24]. In a small randomized trial, 
Basile showed a similar result in UAE patients, demonstrating that patient satisfac-
tion and pain scores were better after transradial UAE than with transfemoral UAE 
[25]. In addition, patients who have had transfemoral access may have difficulty 
posturing and using the bathroom in the immediate post-procedure period. 
Transradial access obviates the concern for femoral complications in these situa-
tions. Lastly, transradial access during uterine artery embolization can play a role in 
increasing the frequency of same-day discharges [13].

 Case Examples

 Case 1: Uterine Artery Embolization Via Radial Approach 
for the Treatment of Symptomatic Uterine Fibroids

Clinic visit: 43F with PMH of obesity and hypertension presents to clinic with 
2 years of worsening dysmenorrhea limiting her activities of daily living and quality 
of life, referred to the IR clinic by her OBGYN. MRI shows an enlarged uterus with 
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multiple submucosal fibroids. Endometrial biopsy shows benign endometrium. 
Barbeau, B; BMI, 34.4; height, 5 feet, 4 inches.

 1. Obtain left radial artery access.
 2. Advance a 4Fr hydrophilic slender sheath over a wire, and inject a radial artery 

intraarterial medication solution of nitroglycerin 200 μg, verapamil 2.5 mg, and 
heparin 3000 units.

 3. Use a 0.035″ wire and a 4Fr 125 cm Cordis Aqua Tempo vertebral catheter to 
navigate through the arm and catheterize the distal aorta.

 4. Using the 0.035″ wire, advance the catheter into the right internal iliac artery 
and then into the right uterine artery.

 5. Perform angiography to confirm appropriate positioning of the catheter prior to 
embolization (Fig. 13.1a).

 6. Deliver 3 vials of 600 micron Terumo HydroPearl particles followed by 3 vials 
of 800 micron HydroPearl particles until near stasis is seen.

 7. Pull back the 4Fr catheter to the common iliac bifurcation, and catheterize the 
left internal iliac artery followed by the left uterine artery.

 8. Perform angiography to confirm appropriate positioning of the catheter prior to 
embolization (Fig. 13.1b).

 9. Deliver 1 vial of 600 micron Terumo HydroPearl particles followed by 1 vial of 
800 micron HydroPearl particles until near stasis is seen.

 10. Remove the 4Fr catheter over a wire.
 11. Place a TR band on the patient’s left wrist for 1 hour.

 Case 2: Uterine Artery Access Via Radial Approach for Uterine 
Artery Embolization Utilizing a Microcatheter

Clinic visit: 38F with no PMH presents to clinic with menorrhagia and bulk-related 
symptoms, referred to the IR clinic from her OBGYN. MRI shows a leiomyomatous 
uterus containing 7 intramural fibroids measuring up to 5 cm. Endometrial biopsy 
shows benign endometrium. Barbeau, A; BMI, 31; height, 5 feet, 7 inches.

 1. Obtain left radial artery access.
 2. Advance a 4Fr hydrophilic slender sheath over a wire, and inject a radial artery 

intraarterial medication solution of nitroglycerin 200 μg, verapamil 2.5 mg, and 
heparin 3000 units.

 3. Use a 0.035″ wire and a 4Fr 125 cm Merit Metical Impress VERT catheter to 
navigate through the arm and catheterize the distal aorta.

 4. Using the 0.035″ wire, advance the catheter into the right internal iliac artery 
and then into the right uterine artery.

 5. Perform angiography to confirm appropriate positioning of the catheter prior to 
embolization.

 6. Deliver 4 vials of 700 micron Embozene microspheres (Varian Medical 
Systems) until near stasis is seen.

 7. Pull back the 4Fr catheter to the common iliac bifurcation, and catheterize the 
left internal iliac artery.
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 8. After catheterizing the left uterine artery, angiography demonstrates a large cer-
vicovaginal branch distal to the tip of the guide cathter (Fig. 13.2a).

 9. Catheterize the left uterine artery with the microcatheter system distal to the 
cervicovaginal branch to avoid non-target embolization.

 10. Perform angiography to confirm appropriate positioning of the microcatheter 
prior to embolization (Fig. 13.2b).

 11. Deliver 1 vial of 700 micron Embozene microspheres (Varian Medical Systems) 
until near stasis is seen.

 12. Remove the microcatheter system through the 4Fr guiding catheter.
 13. Remove the 4Fr catheter over a wire.
 14. Place a TR band on the patient’s left wrist for 1 hour.

 Case 3: Right Uterine Artery Access Via Radial Approach 
for Uterine Artery Embolization in an Unstable Patient 
with Post-myomectomy Bleeding

Inpatient consult: 37F who desires preservation of her fertility, status post myomec-
tomy with postsurgical vaginal bleeding and hemoglobin drop of 3  g/dL over 
5 hours, currently receiving her second unit of pRBCs. HR 116, BP 105/62, T 98.1F, 

a b

Fig. 13.1 Right (a) and left (b) uterine artery access via radial approach for uterine artery embo-
lization in patient with symptomatic fibroids
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O2 sat 97 on room air, respiratory rate 12. IR is consulted for urgent evaluation for 
potential embolization. Barbeau, A; BMI, 24; height, 5 feet, 5 inches.

 1. Obtain left radial artery access.
 2. Advance a 4Fr hydrophilic slender sheath over a wire, and inject a radial artery 

intraarterial medication solution of nitroglycerin 100 μg, verapamil 2.5 mg, and 
heparin 5000 units.

 3. Use a 0.035″ wire and a 4Fr 120 cm Terumo Angle Glidecath to navigate through 
the arm and catheterize the distal aorta.

 4. Using the 0.035″ wire, advance the catheter into the right internal iliac artery and 
then into the right uterine artery. Early right uterine artery arteriography reveals the 
right ovarian artery (Fig. 13.3a), as well as active arterial extravasation (Fig. 13.3b).

 5. Advance a microcatheter system into the vessel with active extravasation and 
perform sub-selective arteriography to confirm that the microcatheter tip 
bypasses the origin of the right ovarian artery (Fig. 13.3c).

 6. After flushing the microcatheter with D5, deliver n-butyl cyanoacrylate (NBCA) 
and lipiodol until near stasis is seen (Fig. 13.3d).

 7. Remove the microcatheter system through the 4Fr guiding catheter. Then remove 
4Fr catheter over a wire.

 8. Place a TR band on the patient’s left wrist for 1 hour.

a b

Fig. 13.2 (a) Initial left uterine artery angiography demonstrates a large cervicovaginal branch 
(arrow) distal to the tip of the guide catheter. (b) Utilizing a microcatheter system (arrow), particle 
embolization is able to be performed distal to the takeoff of the cervicovaginal branch, avoiding 
non-target embolization
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Fig. 13.3 (a) Early right uterine artery arteriography reveals the right ovarian artery (arrow). (b) 
Late phase of this run reveals active arterial extravasation (arrow). (c) Sub-selective arteriography 
demonstrates that the microcatheter tip (long arrow) was able to successfully bypass the origin of 
ovarian artery and sub-select the vessel with active extravasation (short arrow). (d) One-shot image 
without contrast injection reveals successful glue embolization of the right uterine artery without 
involvement of the right ovarian artery. Final arteriogram revealed no extravasation
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 Equipment List

Device type Manufacturer Product Dimensions Comments

Sheaths Terumo 
Interventional 
Systems

Glidesheath 
slender

5Fr inner diameter, 
2.14 mm outer 
diameter

Guiding 
catheters

Cordis Tempo AQUA 
Vertebral 135°

4Fr; 125 cm

Cordis Multipurpose 
MPA 2

4Fr; 125 cm

Merit Medical Impress VERT 4Fr; 125 cm
Terumo 
Interventional 
Systems

Angle 
GLIDECATH

4Fr; 120 cm, 
150 cm

Guidewires Cook Medical Bentson 0.035″; 180 cm
Microcathteter 
systems

Terumo 
Interventional 
Systems

PROGREAT 2.7 Fr/2.8 Fr coaxial 
microcatheter 
system; 130 cm, 
150 cm

Embolic 
compatibility: 
HydroPearl 
800 ± 75 μm [16]

Boston 
Scientific

Bern shape 
Direxion with 
Fathom 
guidewire

2.4 Fr; 130 cm, 
155 cm

Embolic 
compatibility: 
Non-spherical 
embolics: up to 500 
microns;
Spherical embolics, 
up to 710 microns 
[26]

Embolic 
material [27]

Terumo 
Interventional 
Systems

HydroPearl 
microspheres

Varian Medical 
Systems

Embozene 
microspheres

Merit Medical Embosphere
Merit Medical Bearing nsPVA 

embolization 
particles

Boston 
Scientific

Bead Block

Boston 
Scientific

Contour 
embolization 
particles

 Technical Considerations

As part of the preoperative workup for transradial uterine artery embolization, 
the patient’s height should be taken into account. A 125 cm diagnostic catheter is 
long enough to reach the pelvic vessels from a left radial artery approach in most 
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patients. However, although there is no defined height cutoff over which uterine 
artery embolization is contraindicated, in our experience 125 cm catheters are 
difficult to navigate into the uterine artery in patients taller than 6 feet. Similarly, 
the group at Beth Israel Deaconess Medical Center reports experiencing diffi-
culty cannulating the uterine arteries from a transradial approach in patients over 
5  feet 10 inches [13]. In taller patients, using a microcatheter in combination 
with a 4 Fr catheter can be helpful when the length of a base catheter alone is 
inadequate.

Although there have been zero published cases in the literature, a feared theo-
retical complication of transradial endovascular arterial intervention is stroke, 
particularly when embolic material is being utilized. Once embolic material has 
been injected through a catheter, it is essential to re-insert a wire through the 
catheter before pulling the catheter back over the aortic arch in order to prevent 
residual embolic material from entering the cerebral vasculature.

In patients with tortuous or variant anatomy, there are tools available to allow for 
successful fibroid embolization from a radial artery approach. If a uterine artery 
with a sharp-angled takeoff is encountered and unable to be catheterized with a 
guiding catheter, a microcatheter can be used, such as a Boston Scientific Direxion 
or Terumo Progreat microcatheter. In addition, if an ovarian artery provides domi-
nant supply to patient’s fibroid uterus, it can often be easily selected with a Terumo 
Optitorque Sarah Radial diagnostic catheter via radial access.
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Chapter 14
Prostate Artery Embolization

Jason Gruener and Ardeshir R. Rastinehad

 Introduction

Surgical techniques including prostatectomy and TURP have long been the tradi-
tional interventions for prostatic pathology, most commonly BPH, a condition 
which affects at least 50% of men above age 50 and 80% of men above age 70 [1], 
representing a significant source of morbidity and medical cost. Besides effects on 
quality of life, BPH can lead to complications such as urinary retention requiring 
catheterization, urinary tract infection, bladder stones/diverticula, and renal 
insufficiency.

Prostate artery embolization (PAE) was first described in several case series as 
early as the 1970s to treat hematuria originating from the prostate [2–5]. In 2000, 
DeMeritt et al. first reported significant improvement in lower urinary tract symp-
toms (LUTS) and decrease in prostate size following unilateral PAE in a patient 
who originally presented with refractory hematuria and acute urinary retention [6].

In 2010, Carnevale et al. reported the first two successful human cases of PAE 
performed specifically to treat urinary retention in the setting of BPH [7]. Over the 
past decade, an increasing number of case series, retrospective studies, prospective 
randomized clinical trials, and meta-analyses have been published not only evaluat-
ing the safety and technical feasibility of PAE but also comparing PAE with alterna-
tive BPH treatments. For example, a recent review of several notable PAE trials and 
meta-analyses found that PAE was an effective treatment for BPH with technical 
success ranging from 75% to 92.6% and clinical success ranging from 76.3% to 
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93.3% [8]. Average International Prostate Symptom Score (IPSS) reduction at 
short-term follow-up ranged from 9.2 to 14.6 with standard technique PAE. Major 
adverse events were uncommon.

Radial artery access to perform PAE was first reported in a 2015 case series by 
Isaacson et al. [9]. 19 consecutive transradial PAE procedures at a single institution 
were retrospectively reviewed. Technical success was 100% and no major compli-
cations were reported. There were three minor access related complications in this 
series – two patients developed small forearm hematomas and one developed left 
forearm pain. The higher-than-expected rate of access related complications was 
attributed to the learning curve operators faced during their early experience with 
transradial access. A subsequent retrospective study in 2017 compared transradial 
or transulnar access versus transfemoral access for PAE [10]. There was no differ-
ence in technical success or adverse events, including those related to arterial access. 
Procedure time and fluoroscopy time were lower in the transradial/transulnar group.

The advantages of radial access specifically in the PAE population have not been 
well studied. However, many of the advantages documented for other patient popu-
lations undergoing transarterial procedures likely apply (Table  14.1) [11–15]. 
Additional potential benefits specific to PAE patients include decreased time to uri-
nation (due to the patient being able to stand immediately following the procedure) 
and increased technical success in certain patients due to more favorable angles 
when catheterizing the internal iliac and prostatic arteries from above.

In summary, current evidence suggests that in appropriately selected men with 
moderate to severe LUTS and BPH, transradial PAE is a reasonable treatment 
option [16]. PAE is minimally invasive with a high rate of 5-year clinical success, 
lack of need for hospitalization or Foley catheterization, and a favorable side effect 
profile. PAE may be particularly beneficial in patients who are unwilling or unable 
to undergo surgery, patients who do not desire a transurethral procedure, patients on 
anticoagulation, and patients seeking to preserve sexual function. PAE may also be 
especially beneficial in patients with very large prostates (>80 cm3) [17–22], who 
may not be good candidates for TURP or minimally invasive transurethral therapies 
and might otherwise require open prostatectomy. PAE remains an effective treat-
ment option for prostatic-origin hematuria [23, 24].

Table 14.1 Possible advantages of transradial access for PAE

Increased patient satisfaction
Patient perception as less invasive than transfemoral access
Decreased major vascular complications
Decreased post-procedure pain
Shorter time to ambulation
Shorter time to post-procedure urination
Shorter time to discharge
Decreased cost
Improved technical success in patients with challenging anatomy from a transfemoral approach
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Disadvantages of PAE include treatment failure in a minority of patients at 1- 
and 5-year follow-up leading to repeat intervention. PAE is technically challenging 
and may not be feasible in some patients with severe atherosclerosis or tortuous 
vascular anatomy. PAE may be less effective in patients with small prostates <40 cm3 
[21]. Finally, unlike most BPH treatments, PAE requires ionizing radiation and 
intravenous contrast, precluding patients with severe renal insufficiency.

As for all patients, potential PAE candidates who present with LUTS require a 
comprehensive clinical evaluation in accordance with current guidelines. Alternative 
diagnoses (including prostate cancer) should be assessed for, and additional BPH 
treatment options (including medical therapy and transurethral therapies) should be 
discussed prior to scheduling the procedure. Though critical, details of this clinical 
workup are beyond the scope of this chapter.

 Equipment List

• Fluoroscopy system with high resolution display screen and cone beam CT 
capability.

• Arm board for the patient’s left arm.
• Standard sterile angiographic table including gown, gloves, towels, drape, gauze, 

ultrasound probe cover, connective tubing, 10 and 20 cc syringes, saline, hepa-
rinized saline, iodinated contrast (iopamidol; Isovue 300, Bracco, Milan, Italy).

• 1% Lidocaine.
• Micropuncture access kit.
• 4/5F hydrophilic radial access sheath.
• Medication solution of 3000 U heparin, 2.5 mg verapamil, and 200 μg nitroglyc-

erin hemodiluted in 20  mL and injected slowly through the sheath sidearm 
immediately following access.

• Diagnostic catheter to catheterize the internal iliac arteries: 130 cm 5F glide-tip 
Berenstein (Penumbra; Alameda, CA) or 125  cm 5F vertebral (Cordis; 
Miami, FL).

• 180 cm 0.035″ Bentson guidewire.
• Angled tip microcatheters (1.7–2.4F depending on prostate artery diameter; at 

least 150 cm length) and microwires (0.014″ or 0.018″).
• Tuohy-Borst adapter.
• 3 cc and 1 cc Medallion syringes (Merit Medical, South Jordan, UT).
• Embolic particles: Embospheres (Merit Medical, South Jordan, UT) or Embozene 

Color-Advanced Microspheres (Boston Scientific, Marlborough, MA) or 
HydroPearl Microspheres (Terumo Corporation, Tokyo, Japan). We use 
100–300 μm particles, as smaller particles are associated with greater IPSS score 
reduction following PAE at 1 year follow-up [25].

• Inflatable hemostatic arterial closure band (TR Band; Terumo Corporation, 
Tokyo, Japan).
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• Optional: Microcoils 2–4  mm diameter × 4  cm (Boston Scientific Interlock, 
Terumo CX, or Penumbra microcoils, Alameda, CA).

• Optional: 150  cm balloon occlusion microcatheter (Sniper; Embolx, Los 
Altos, CA).

• Optional: automated vessel tracking software (EmboGuide; Philips Healthcare; 
Best, Netherlands) to facilitate prostate artery identification.

 Procedural Overview and Technical Considerations

 1. Pre-Procedure Setup

A fluoroscopy suite with cone beam CT capability should be chosen. The patient 
is positioned supine with his left arm directly at his side, supinated on an arm-board 
(Fig. 14.1); this setup allows for deft catheter and guidewire manipulation in a simi-
lar manner to PAE performed from a transfemoral approach. In this setup, a sterile 
table is placed at the operator’s back. Alternatively, the patient’s left arm may be 
positioned in 90 degree abduction, which can facilitate subsequent positioning for 
cone beam CT; the sterile table is then placed parallel to the abducted arm (Fig. 14.2). 
Periprocedural antibiotics, analgesia, and sedation are given.

 2. Radial Access Considerations

The left radial artery is accessed in the typical manner, as described earlier in the 
text. Depending on patient anatomy, a variety of wires and catheters are often neces-
sary (Fig. 14.3) for PAE; they must provide stability to traverse the curve of the 

Fig. 14.1 Transradial PAE procedure. The left arm is located directly at the patient’s side allowing 
for patient positioning similar to transfemoral access. A standard transfemoral angiographic drape 
is used. Note the presence of a 5F hydrophilic sheath in the radial artery with a side flush attached. 
A 155 cm microcatheter inserted into the left prostatic artery is nearly hubbed with approximately 
15 cm of length external to the patient. The operator injects embolic particles through a 1 mL 
syringe under fluoroscopic guidance. Procedure table (not pictured) is at the operator’s back
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Fig. 14.2 Transradial PAE procedure with alternative table setup. The left arm is abducted 90° on 
an arm board in line with the procedure table. This position allows for easy positioning for cone 
beam CT imaging

Fig. 14.3 Table setup for transradial PAE. The standard tools for transradial access, including micro-
puncture kit and 5F hydrophilic radial sheath, should be available. A variety of microwires and angled-
tip microcatheters (minimum length 150 cm) should be close at hand; depending on the diameter and 
origin of the prostatic arteries, different catheters may be needed for successful cannulation. Notice the 
left front corner has a bumped up area to allow for a parallel working level to the radial puncture
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thoracic inlet and be long enough to reach the prostatic arteries from the left wrist. 
When compared with transfemoral access, transradial PAE may facilitate catheter-
ization of the internal iliac and prostatic arteries due to more favorable angles when 
approaching from above; this advantage is particularly helpful in patients with a 
more acutely angled aortic bifurcation, tortuous iliac arterial anatomy, and athero-
sclerotic disease, as is frequently encountered in older male patients with BPH. Given 
current catheter availability, transradial access for PAE may be challenging in tall 
patients due to insufficient catheter length. The tallest reported patient who under-
went technically successful transradial PAE was 76 inches [9]. If necessary, a “high” 
radial artery access 5–10 cm proximal to the styloid process can be attempted; how-
ever, it is advisable to counsel tall patients on the increased risk of conversion to 
transfemoral access.

 3. Identification and Selection of the Prostatic Arteries

The variable anatomy of the internal iliac and prostatic arteries makes PAE chal-
lenging for new operators. Understanding this anatomy is fundamental to perform-
ing technically and clinically successful embolization, reducing procedure time/
radiation dose, and avoiding complications, particularly non-target embolization. 
Prostatic arteries are found bilaterally and most commonly (but not exclusively) 
arise from branches of the internal iliac anterior division. A common classification 
scheme, known as the Carnevale system (Fig. 14.4), describes five primary origins 

Fig. 14.4 Pelvic CTA from five different patients demonstrating the Carnevale classification [26] 
of prostatic artery origin (type I–V left to right). Type I – common trunk with superior vesical 
artery from internal iliac anterior division. Type II – separate origin inferior to the superior vesical 
artery. Type III – obturator artery origin. Type IV – Internal pudendal artery origin. Type V – other 
(in this case origin from replaced obturator off the external iliac artery). (Reprinted by permission 
from Springer Nature, Maclean et al., Copyright, April 2018 [27])

J. Gruener and A. R. Rastinehad



139

of the prostatic artery [26], with the most common origin being type IV (internal 
pudendal artery, 31.1%).

The 5F diagnostic catheter is advanced over the Bentson wire into the proximal 
left internal iliac artery. Digital subtraction angiography with 30–40° ipsilateral 
anterior oblique and 10° cranial angulation generally delineates the internal iliac 
branching pattern to best advantage. Different tube angulation can be selected based 
on preoperative vascular imaging findings. If available, automated vessel tracking 
software (in combination with cone beam CT) is sometimes helpful to identify the 
prostatic arteries (EmboGuide; Philips Healthcare; Best, Netherlands); use of this 
software has been associated with a lower PAE radiation dose [28]. If the prostatic 
artery is not identified on initial angiography of the internal iliac anterior division, 
angiography of the posterior division and external iliac arteries should be per-
formed. Rarely, atherosclerosis may preclude identification of the prostatic artery 
despite a comprehensive search [26].

Once the prostate artery is identified, a microcatheter and hydrophilic microw-
ire are advanced into the artery under fluoroscopic guidance. The prostatic arter-
ies are tortuous and small in diameter, making catheterization challenging; 
multiple microwires or catheters may be required in difficult cases. We have suc-
cessfully used microcatheters ranging from 1.7 to 2.4F depending on prostate 
artery diameter; however the length must be at least 150 cm and an angled tip may 
assist in cannulating the origin. The prostatic artery commonly divides into 
anteromedial and posterolateral pedicles which course cranially and caudally, 
respectively [29]. While both branches should ideally be embolized, the antero-
medial pedicle primarily supplies the central gland and is the more important 
target for embolization; the posterolateral pedicle supplies mostly the peripheral 
zone and capsule.

Prostate artery angiography is performed to determine the appropriate catheter 
position for embolization and identify potential extra-prostatic anastomoses which 
might result in non-target embolization. Anastomoses to other pelvic arteries are 
common (Fig. 14.5) and may include vessels supplying the bladder, penis, rectum, 
and seminal vesicles [30]. Cone beam CT is advisable prior to embolization to con-
firm appropriate catheter position [31]. To best predict the flow dynamics during 
embolization, the injection rate during prostate angiography and cone beam CT 
should match the anticipated injection rate during embolization. Depending on the 
flow patterns identified, various techniques may be employed to prevent non-target 
embolization, including coil embolization of non-target branches [32], vasodilator 
injection [33], and balloon occlusion [34, 35].

Setting up for cone beam CT requires attention to patient positioning to avoid 
dislodgement of wires and catheters. If using the “left arm adduction” position for 
radial access, the left arm should be tucked against the patient’s side and all wires/
catheters secured to prevent contact with the image intensifier as the C-arm rotates 
around the patient. This risk is minimized with cone beam CT systems that use an 
open trajectory. Alternatively, if using the “90-degree abduction position,” the arm 
board should have already been placed in a position that allows for the clearance 
for the spin.
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 4. Embolization

Once microcatheter position is satisfactory and non-target branches have been 
accounted for, embolization is performed with particles. Technical success and 
safety with use of polyvinyl alcohol particles (PVA), trisacryl gelatin microspheres, 
and Polyzene-coated hydrogel microspheres of various shapes and sizes has been 
reported [36–38]. We prefer 100–300 μm particles, as smaller particle size is associ-
ated with greater IPSS score reduction following PAE at 1 year follow-up [25].

The desired embolization endpoint is near-stasis of blood flow when a suspen-
sion of particles in 50% dilute contrast is injected into the prostatic artery through 
the microcatheter under fluoroscopic guidance. Slow injection with a 1 mL syringe 
prevents early proximal occlusion and facilitates distal penetration of particles. 
Over-embolization beyond the point of stasis may result in reflux leading to non- 
target embolization. Post-procedure angiography is performed to identify accessory 
prostatic branches requiring embolization.

Although not yet widely practiced, our early experience suggests supplemental 
deployment of coils in the main prostatic artery following injection of particles leads to 
more complete embolization, more rapid relief of symptoms, and faster Foley catheter 
removal in patients with urinary retention. Detachable coils measuring 2–4 mm in diam-
eter are generally appropriate. The primary disadvantage of coil deployment is loss of 
future access to the prostatic artery in the event LUTS recur and repeat PAE is desired.

The microcatheter is flushed and then removed, and the diagnostic 5F catheter is 
retracted into the abdominal aorta; the procedure is then repeated from the opposite 
side. Generally, a lower volume of embolic is required to reach near-stasis on the con-
tralateral pelvic side due to the presence of left-right intraprostatic anastomoses [30].

a b

Fig. 14.5 (a) Left internal iliac artery angiogram performed from left radial approach, 30° ipsilat-
eral oblique and 10° cranial angulation. Note the anatomy of the branches of anterior division. OA 
obturator artery, GPT inferior gluteal-pudendal trunk, IP internal pudendal artery, IG inferior glu-
teal artery. Red arrow – prostatic artery arising from the obturator artery. (b) More delayed phase 
left internal iliac angiogram from the same injection demonstrates contrast opacification of the left 
hemiprostate (red arrow). A small vessel is visible (black arrow) extending from the inferior left 
hemiprostate toward the internal pudendal artery representing a prostatic anastomosis
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 5. Closure and Post-Procedure Care

After removal of all guidewires and catheters, the left radial artery is closed using 
an inflatable hemostatic band, as described in previous chapters. Once sedation 
wears off, patients may eat, ambulate, and void in the usual standing position. Non- 
steroidal anti-inflammatories (NSAIDs) and opiates may be given for pain relief, 
although post-procedural pain is typically absent or mild. Once patients void with 
post-void residual (PVR) <200 mL (or similar to their pre-procedure PVR) and the 
hemostatic band is removed, they may be discharged home. Discharge is usually 
1–2  hours post-procedure, earlier than transfemoral PAE even with the use of a 
femoral artery closure device.

Prior to discharge, patients should be reminded of possible side effects including 
hematuria, dysuria, bladder spasm, hematospermia, and post-embolization syn-
drome resulting in fever and pelvic pain [39]. Most of these effects are mild and 
self-limited, typically resolving within 5 days. Patients should be counseled to call 
if they notice more serious adverse effects, such as tissue ulceration.

Patients are discharged with NSAIDs as needed for pain relief. They may also be 
given a proton pump inhibitor in the event of post-embolization syndrome and 
phenazopyridine for post-procedure dysuria. Some operators continue oral antibiot-
ics for 1 week. Given the adverse effects associated with antibiotics and the rela-
tively low rate of PAE-associated UTI, we do not routinely continue antibiotics 
unless the patient has UTI risk factors, in which case the patient may be discharged 
with trimethoprim-sulfamethoxazole. BPH medications may be stopped immedi-
ately following the procedure depending on the patient’s clinical scenario, but by 
1 month, the patient should be off his alpha blocker therapy.

A standard follow-up schedule calls for office visits at 1 month, 3 months, 6 months, 
and 12 months post-procedure [40]. Beyond 1 year, we prefer to see patients every 
6 months. At all visits, the patient’s symptoms are reassessed with the IPSS question-
naire. Patients should be asked about persistent side effects related to the procedure.

Although patient satisfaction following PAE is high, some patients may neverthe-
less require repeat interventions due to persistent or recurrent LUTS. In a study of 317 
patients undergoing PAE, Carnevale et al. reported that 72 (23%) experienced recur-
rent LUTS at a median follow-up time of 72 months [41]. Treatment options in the 
setting of PAE failure may include resumption of BPH medications, minimally inva-
sive transurethral therapies, TURP, open prostatectomy, and repeat PAE. Collaboration 
with a urologist can be helpful in this setting to determine optimal therapy.

 Case Example

A 70-year-old male presented with LUTS and hematuria due to BPH for 1 month 
despite alfuzosin and dutasteride therapy. He endorsed nocturia (2 episodes nightly), 
urinary frequency (every 15 minutes), weak stream, and intermittent dysuria. IPSS 
score was 21. He recently was treated for a urinary tract infection and had an epi-
sode of urinary retention temporarily requiring a Foley catheter. PVR was increased 
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(177 mL) and peak urinary flow was decreased (8.2 mL/s). Prostate specific antigen 
(PSA) was elevated to 17.9 ng/mL, but stable over many years, and the patient had 
a history of multiple negative prostate biopsies. Prostate MRI revealed a gland vol-
ume of 173 mL without suspicious lesions. After discussion of treatment options in 
the setting of a massively enlarged gland, the patient opted for transradial PAE, 
which was technically successful. The patient noted improvement in his symptoms 
at short-term follow-up. Images from the procedure are shown in Fig. 14.6.

Fig. 14.6 Intra-procedural cone beam CT during PAE performed via transradial access. Top left: 
Digital subtraction angiography of right internal iliac artery anterior division (30° ipsilateral 
oblique, 10° cranial angulation). The right prostatic artery (arrow) arises off a common trunk from 
the anterior division with the inferior vesical artery. Top right: A microcatheter has been advanced 
into the prostatic artery. Delayed phase angiography demonstrates opacification of the right 
hemiprostate. Bottom: Contrast enhanced cone beam CT was performed from the same catheter 
position as on top right. Coronal image confirms complete opacification of the right hemiprostate 
without non-target opacification. Bilateral PAE was successfully performed with 100–300 μm par-
ticles and 2–3 mm diameter microcoils

J. Gruener and A. R. Rastinehad



143

References

 1. Egan KB. The epidemiology of benign prostatic hyperplasia associated with lower urinary 
tract symptoms: prevalence and incident rates. Urol Clin North Am. 2016;43(3):289–97.

 2. Mitchell ME, Waltman AC, Athanasoulis CA, Kerr WS, Dretler SP. Control of massive pros-
tatic bleeding with angiographic techniques. J Urol. 1976;115(6):692–5.

 3. Bischoff W, Goerttler U. Successful intra-arterial embolization of bleeding carcinoma of the 
prostate (author’s transl). Urologe A. 1977;16(2):99–102.

 4. Appleton DS, Sibley GN, Doyle PT. Internal iliac artery embolisation for the control of severe 
bladder and prostate haemorrhage. Br J Urol. 1988;61(1):45–7.

 5. Li BC. Internal iliac artery embolization for the control of severe bladder and prostate haemor-
rhage. Zhonghua Wai Ke Za Zhi. 1990;28(4):220–1, 253.

 6. DeMeritt JS, Elmasri FF, Esposito MP, Rosenberg GS. Relief of benign prostatic hyperplasia- 
related bladder outlet obstruction after transarterial polyvinyl alcohol prostate embolization. J 
Vasc Interv Radiol. 2000;11(6):767–70.

 7. Carnevale FC, Antunes AA, da Motta Leal Filho JM, de Oliveira Cerri LM, Baroni RH, 
Marcelino AS, et  al. Prostatic artery embolization as a primary treatment for benign 
prostatic hyperplasia: preliminary results in two patients. Cardiovasc Intervent Radiol. 
2010;33(2):355–61.

 8. Patel TV, Yu H, Isaacson AJ. Preclinical and clinical evidence for prostate artery emboliza-
tion. In: Isaacson AJ, Bagla S, Raynor MC, Yu H, editors. Prostate artery embolization. Cham: 
Springer Nature; 2019. p. 71–82.

 9. Isaacson AJ, Fischman AM, Burke CT. Technical feasibility of prostatic artery embolization 
from a transradial approach. AJR Am J Roentgenol. 2016;206(2):442–4.

 10. Bhatia S, Harward SH, Sinha VK, Narayanan G.  Prostate artery embolization via transra-
dial or transulnar versus transfemoral arterial access: technical results. J Vasc Interv Radiol. 
2017;28(6):898–905.

 11. Liu LB, Cedillo MA, Bishay V, Ranade M, Patel RS, Kim E, et al. Patient experience and 
preference in transradial versus transfemoral access during transarterial radioembolization: a 
randomized single-center trial. J Vasc Interv Radiol. 2019;30(3):414–20.

 12. Yamada R, Bracewell S, Bassaco B, Camacho J, Anderson MB, Conrad A, et al. Transradial 
versus transfemoral arterial access in liver cancer embolization: randomized trial to assess 
patient satisfaction. J Vasc Interv Radiol. 2018;29(1):38–43.

 13. Iezzi R, Pompili M, Posa A, Annicchiarico E, Garcovich M, Merlino B, et al. Transradial ver-
sus transfemoral access for hepatic chemoembolization: intrapatient prospective single-center 
study. J Vasc Interv Radiol. 2017;28(9):1234–9.

 14. Valgimigli M, Gagnor A, Calabró P, Frigoli E, Leonardi S, Zaro T, et al. Radial versus femoral 
access in patients with acute coronary syndromes undergoing invasive management: a ran-
domised multicentre trial. Lancet. 2015;385(9986):2465–76.

 15. Mamas MA, Tosh J, Hulme W, Hoskins N, Bungey G, Ludman P, et  al. Health economic 
analysis of access site practice in England during changes in practice: insights from the British 
Cardiovascular Interventional Society. Circ Cardiovasc Qual Outcomes. 2018;11(5):e004482.

 16. McWilliams JP, Bilhim TA, Carnevale FC, Bhatia S, Isaacson AJ, Bagla S, et al. Society of 
interventional radiology multisociety consensus position statement on prostatic artery embo-
lization for treatment of lower urinary tract symptoms attributed to benign prostatic hyper-
plasia: from the Society of Interventional Radiology, the Cardiovascular and Interventional 
Radiological Society of Europe, Société Française de Radiologie, and the British Society 
of Interventional Radiology: endorsed by the Asia Pacific Society of Cardiovascular and 
Interventional Radiology, Canadian Association for Interventional Radiology, Chinese College 
of Interventionalists, Interventional Radiology Society of Australasia, Japanese Society of 
Interventional Radiology, and Korean Society of Interventional Radiology. J Vasc Interv 
Radiol. 2019;30(5):627–37.e1.

14 Prostate Artery Embolization



144

 17. Bhatia S, Sinha VK, Kava BR, Gomez C, Harward S, Punnen S, et al. Efficacy of prostatic 
artery embolization for catheter-dependent patients with large prostate sizes and high comor-
bidity scores. J Vasc Interv Radiol. 2018;29(1):78–84.e1.

 18. Bhatia S, Sinha VK, Harward S, Gomez C, Kava BR, Parekh DJ. Prostate artery embolization 
in patients with prostate volumes of 80 mL or more: a single-institution retrospective experi-
ence of 93 patients. J Vasc Interv Radiol. 2018;29(10):1392–8.

 19. Wang MQ, Guo LP, Zhang GD, Yuan K, Li K, Duan F, et al. Prostatic arterial embolization for 
the treatment of lower urinary tract symptoms due to large (>80 mL) benign prostatic hyper-
plasia: results of midterm follow-up from Chinese population. BMC Urol. 2015;15:33.

 20. Kurbatov D, Russo GI, Lepetukhin A, Dubsky S, Sitkin I, Morgia G, et al. Prostatic artery 
embolization for prostate volume greater than 80 cm3: results from a single-center prospective 
study. Urology. 2014;84(2):400–4.

 21. Zhang JL, Wang MQ, Duan F, Yuan B. A comparative study of prostatic artery embolization 
in the treatment of benign prostatic hyperplasia with different prostatic volume. Zhonghua Yi 
Xue Za Zhi. 2019;99(31):2435–9.

 22. Mathevosian S, Plotnik AN, McWilliams JP. Prostate artery embolization for giant prostatic 
enlargement: short-term efficacy and safety. J Vasc Interv Radiol.  https://doi.org/10.1016/j.
jvir.2019.06.021.

 23. Rastinehad AR, Caplin DM, Ost MC, VanderBrink BA, Lobko I, Badlani GH, et al. Selective 
arterial prostatic embolization (SAPE) for refractory hematuria of prostatic origin. Urology. 
2008;71(2):181–4.

 24. Pereira K, Halpern JA, McClure TD, Lewis NA, Kably I, Bhatia S, et  al. Role of prostate 
artery embolization in the management of refractory haematuria of prostatic origin. BJU Int. 
2016;118(3):359–65.

 25. Geevarghese R, Harding J, Parsons N, Hutchinson C, Parsons C. The relationship of embolic 
particle size to patient outcomes in prostate artery embolisation for benign prostatic hyperpla-
sia: a systematic review and meta-regression. Clin Radiol. 2020;75(5):366–74.

 26. de Assis AM, Moreira AM, de Paula Rodrigues VC, Harward SH, Antunes AA, Srougi M, 
et al. Pelvic arterial anatomy relevant to prostatic artery embolisation and proposal for angio-
graphic classification. Cardiovasc Intervent Radiol. 2015;38(4):855–61.

 27. Maclean D, Maher B, Harris M, Dyer J, Modi S, Hacking N, et al. Planning prostate artery 
embolisation: is it essential to perform a pre-procedural CTA. Cardiovasc Intervent Radiol. 
2018;41(4):628–32.

 28. Schott P, Katoh M, Fischer N, Freyhardt P. Radiation dose in prostatic artery embolization 
using cone-beam CT and 3D roadmap software. J Vasc Interv Radiol. 2019;30(9):1452–8.

 29. Bilhim T, Tinto HR, Fernandes L, Martins Pisco J. Radiological anatomy of prostatic arteries. 
Tech Vasc Interv Radiol. 2012;15(4):276–85.

 30. Bilhim T, Pisco JM, Rio Tinto H, Fernandes L, Pinheiro LC, Furtado A, et al. Prostatic arte-
rial supply: anatomic and imaging findings relevant for selective arterial embolization. J Vasc 
Interv Radiol. 2012;23(11):1403–15.

 31. Bagla S, Rholl KS, Sterling KM, van Breda A, Papadouris D, Cooper JM, et al. Utility of cone- 
beam CT imaging in prostatic artery embolization. J Vasc Interv Radiol. 2013;24(11):1603–7.

 32. Bhatia S, Sinha V, Bordegaray M, Kably I, Harward S, Narayanan G. Role of coil embolization 
during prostatic artery embolization: incidence, indications, and safety profile. J Vasc Interv 
Radiol. 2017;28(5):656–64.e3.

 33. Yu SCH, Cho C, Hung E, Wang D, Chiu P, Yee CH, et al. Case-control study of intra-arterial 
verapamil for intraprostatic anastomoses to extraprostatic arteries in prostatic artery emboliza-
tion for benign prostatic hypertrophy. J Vasc Interv Radiol. 2017;28(8):1167–76.

 34. Ayyagari R, Powell T, Staib L, Chapiro J, Schoenberger S, Devito R, et al. Case-control com-
parison of conventional end-hole versus balloon-occlusion microcatheter prostatic artery 
embolization for treatment of symptomatic benign prostatic hyperplasia. J Vasc Interv Radiol. 
2019;30(9):1459–70.

J. Gruener and A. R. Rastinehad

https://doi.org/10.1016/j.jvir.2019.06.021
https://doi.org/10.1016/j.jvir.2019.06.021


145

 35. Bilhim T, Costa NV, Torres D, Pisco J, Carmo S, Oliveira AG. Randomized clinical trial of 
balloon-occlusion versus conventional microcatheter prostatic artery embolization for benign 
prostatic hyperplasia. J Vasc Interv Radiol.  https://doi.org/10.1016/j.jvir.2019.06.019.

 36. Torres D, Costa NV, Pisco J, Pinheiro LC, Oliveira AG, Bilhim T. Prostatic artery emboli-
zation for benign prostatic hyperplasia: prospective randomized trial of 100-300 μm versus 
300-500 μm versus 100- to 300-μm + 300- to 500-μm embospheres. J Vasc Interv Radiol. 
2019;30(5):638–44.

 37. Bilhim T, Pisco J, Campos Pinheiro L, Rio Tinto H, Fernandes L, Pereira JA, et al. Does poly-
vinyl alcohol particle size change the outcome of prostatic arterial embolization for benign 
prostatic hyperplasia? Results from a single-center randomized prospective study. J Vasc 
Interv Radiol. 2013;24(11):1595–602.e1.

 38. Franiel T, Aschenbach R, Trupp S, Lehmann T, von Rundstedt FC, Grimm MO, et al. Prostatic 
artery embolization with 250-μm spherical polyzene-coated hydrogel microspheres for lower 
urinary tract symptoms with follow-up MR imaging. J Vasc Interv Radiol. 2018;29(8):1127–37.

 39. Moreira AM, de Assis AM, Carnevale FC, Antunes AA, Srougi M, Cerri GGA. Review of 
adverse events related to prostatic artery embolization for treatment of bladder outlet obstruc-
tion due to BPH. Cardiovasc Intervent Radiol. 2017;40(10):1490–500.

 40. Mouli S, Hohlastos E, Salem R.  Prostate artery embolization. Semin Intervent Radiol. 
2019;36(2):142–8.

 41. Carnevale FC, Moreira AM, de Assis AM, Antunes AA, Cristina de Paula Rodrigues V, Srougi 
M, et al. Prostatic artery embolization for the treatment of lower urinary tract symptoms due to 
benign prostatic hyperplasia: 10 years’ experience. Radiology. 2020;296(2):444–51.

14 Prostate Artery Embolization

https://doi.org/10.1016/j.jvir.2019.06.019


147© Springer Nature Switzerland AG 2022
A. M. Fischman et al. (eds.), Transradial Access in Interventional Radiology, 
https://doi.org/10.1007/978-3-030-81678-0_15

Chapter 15
Hemodialysis Access Interventions

Timothy Carlon and Joseph J. Titano

 Introduction

Hemodialysis access issues are a leading cause of morbidity and hospitalization in 
end stage renal disease patients, and current guidelines recommend vigilant care in 
maintaining adequate dialysis access in all chronic kidney disease stage V patients 
[1]. As a result, intervention is frequently needed on both an elective and urgent basis 
to maintain patent and fully functional dialysis circuits. Dialysis grafts and fistulas 
present a unique anatomic challenge for percutaneous intervention. Access approach 
needs to take into account the type of dialysis shunt, the site of the abnormality, and 
the nature of the malfunction. A standard approach is to access the dialysis circuit 
outflow directly via antegrade, retrograde, or a combined approach. Less commonly, 
antegrade access of the inflow artery is utilized although this approach can make post-
procedure hemostasis difficult and access site complications have the potential to 
injure both the dialysis shunt and the vessels supplying the hand. Retrograde radial 
artery access – distal to the arteriovenous anastomosis – has been described for all 
major percutaneous dialysis access interventions and offers several unique advantages.

First, all parts of the circuit can be evaluated and treated from the same access. 
This is particularly valuable when the cause of abnormality is not known prior to 
angiographic evaluation as the source of failure can occur at the anastomosis, out-
flow, central veins, or occasionally the inflow artery. Radial access allows in-line 
work at any part of the shunt in most cases. Second, the fistula or graft itself does 
not need to be punctured or directly compressed to achieve hemostasis, so the pro-
cess of obtaining hemostasis is unlikely to cause thrombosis of the dialysis shunt. 
Third, reflux angiography with outflow compression is not necessary to evaluate the 
anastomosis or inflow artery. This reduces the risk of clot reflux into the arteries 
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when evaluating a thrombosed circuit and also theoretically increases the distance 
between the operator and the fluoroscopy equipment, reducing radiation exposure.

The primary limitation to radial access is sheath size, which constrains the equip-
ment that can be introduced for intervention. As a result, treatment of central lesions 
may not be feasible without an additional antegrade access. Additional disadvan-
tages include complications of radial artery access such as spasm, dissection, or 
occlusion. As long as the integrity of the ulnar artery and palmar arch is confirmed, 
such complications should not result in hand ischemia.

Generally, dialysis interventions can be divided into two categories: (1) access 
dysfunction, which can mean primary failure to mature or difficulty completing 
adequate dialysis sessions with a previously functional graft, and (2) access failure, 
typically due to acute thrombosis. While technique is similar and both can be treated 
via transradial access, they present unique challenges and reported results vary.

 Dysfunction (Case 1) and Non-maturation (Cases 2 and 3)

Failure to mature is seen is as many as 30% of autogenous fistulas, and endovascular 
intervention can be an effective therapy in these cases, particularly when the cause 
is a focal stenosis [2, 3]. Often the culprit lesion is located at the arteriovenous anas-
tomosis either alone or in combination with additional outflow stenosis [4]. These 
lesions are uniquely amenable to retrograde transradial access as it both allows 
excellent visualization of the lesion and eliminates the need to pass wires in a 
“u-turn” around the anastomosis. As a result, patient and operator positioning are 
simplified. Liang et  al. also note that the radial approach is beneficial when the 
anastomosis is completely obliterated as the outflow vessel is both small and likely 
thrombosed, increasing the difficulty of a traditional transvenous approach [5].

Success is defined using the SIR reporting standards. Anatomic success is defined 
as <30% residual stenosis, and clinical success as at least one complete dialysis ses-
sion via the access following intervention. Primary patency is access patency fol-
lowing the initial intervention until any additional thrombosis or intervention. 
Secondary patency is patency following any additional interventions [6].

In the limited primary studies, anatomic success rates between 61% and 100% have 
been reported, and clinical success rates range from 84% and 100%. Primary patency 
rates at 12 months have ranged from 33% to 64% and secondary patency from 63% to 
90% [2, 7–13]. While no studies to date have directly compared efficacy, these num-
bers are consistent with those reported for standard percutaneous methods [5, 11].

 Acute Circuit Thrombosis (Case 4)

Acute thrombosis of a fistula or graft interrupts a patient’s normal dialysis schedule 
and can often result in emergency intervention or hospitalization [1]. These cases 
can be challenging, and when approaching them, the choice of access site should 
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take into account minimization of procedure time and procedure-related complica-
tions, working in-line at site of intervention, and limiting disruption of a regular 
dialysis schedule. By working from a transradial access, the entire length of the 
outflow can be addressed in-line and from a single access. Furthermore, thrombus is 
unlikely to be pushed into the arterial circulation as reflux angiography is not 
required. Finally, there is no need to compress the outflow, risking repeat thrombo-
sis, in order to achieve hemostasis.

Of note, a 7 Fr sheath may be necessary for mechanical or aspiration thrombec-
tomy, larger than what is typically used for radial access [14]. However, larger 
sheaths are occasionally required for coronary interventions, and limited data sug-
gests their safety for transradial intervention [15, 16]. In addition, there are sheaths 
presently available with the outer diameter of a traditional 6 Fr sheath that accom-
modate 7 Fr catheters and devices.

In the limited primary studies, anatomic success rates between 46% and 100% 
have been reported, and clinical success rates between 79% and 100%. Primary 
patency rates at 12 months have ranged from 40% to 52% [8–11, 13, 14, 17–19].

 Our Technique

The procedure at our institutions is as follows. A Barbeau type A, B, or C waveform 
is documented prior to transradial access. Percutaneous access is then obtained 
under real-time ultrasound guidance using an echogenic 21 gauge needle and a 5, 6, 
or 7 Fr hydrophilic Glidesheath (Terumo, Tokyo, Japan) depending on the intended 
intervention. A radial access cocktail of 3000 U of heparin, 0.2 mg of nitroglycerin, 
and 2.5 mg of verapamil is administered slowly through the arterial sheath follow-
ing hemodilution.

If the anastomosis is sufficiently distal as in the case of a radiocephalic fistula, 
then the initial angiography can be performed directly via the sheath without access-
ing the anastomosis. Otherwise a 4 or 5 Fr catheter is advanced over a 0.035″ wire 
to the level of the inflow artery, and angiography is performed. Following angiogra-
phy, the anastomosis is crossed with a hydrophilic wire. For distal radiocephalic 
shunts, it is necessary to retract the access sheath such that the anastomosis can be 
accessed readily; the access sheath should be fixed in place with a transparent film 
dressing. If angioplasty of the inflow artery is necessary, it is typically performed 
prior to crossing the anastomosis.

For thrombosed fistulas and grafts, we administer 4–8 mg of alteplase directly 
into the thrombosed segment depending on the thrombus burden, and additional 
balloon maceration or mechanical thrombectomy is performed as necessary. 
Balloons up to 10 mm diameter can be introduced through a 6 Fr sheath, so central 
stenosis can be treated in most cases (Case 4).

A TR band (Terumo, Tokyo, Japan) is used for sheath removal and compression 
of the access site. If the presence of the fistula prevents appropriate positioning of 
the TR band, manual compression is used following sheath removal and a 
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compressive dressing is applied. The fistula is not compressed at any point while 
obtaining hemostasis.

 Practical Tips

 1. Access – No consensus on patient eligibility for radial access of hemodialysis 
circuits exists, and numerous criteria have been referenced in the literature. 
Several authors relied on a normal Allen’s test plus a palpable radial artery to 
identify suitable vessels [8, 10, 11]. Radial artery diameter larger than 2 mm 
without further evaluation has been proposed as an alternative criterion for tran-
sradial access [7]. Others have noted the presence of the anastomosis within 
2 cm of the radial styloid as a contraindication because it limits sheath placement 
[2, 20]. As discussed in Chap. 2, at our institution, we perform a Barbeau test 
prior to all radial access and choose an alternative access site if a type D wave-
form is observed. Otherwise, we have no absolute contraindications.

 2. Adjunctive medication – After obtaining access, numerous radial access cock-
tails consisting of heparin, nitroglycerin, and/or verapamil have been described, 
with some groups varying their approach based on the indication. For example, 
Wang and Yang administered heparin only for occluded fistulas, and Wu et al. 
gave nitroglycerin only if spasm was encountered [13, 19].

 3. Crossing an occluded anastomosis  – For radiocephalic fistulas with a juxta- 
anastomotic stenosis, a buddy wire technique as described by Kawarada et al. 
may be helpful for crossing the lesion. A 0.025″ guidewire is left in the radial 
artery, while a second 0.014″ guidewire is passed alongside it and into the 
cephalic vein [9].

 4. Closure – At the conclusion of the case, radial access obviates the need for direct 
compression of the fistula. Distal arterial access also makes compression easier 
relative to more proximal access where the vessels are deeper. Most operators 
use manual compression alone to achieve hemostasis, with as little as two min-
utes of compression being described as adequate in one report [19]. While we 
typically compress radial punctures with a TR Band when feasible, the location 
of the fistula may preclude appropriate placement of this device. A compressive 
dressing can be used following manual compression to ensure hemostasis.

 Conclusion

Radial access is well-suited for evaluation of and intervention upon upper extrem-
ity dialysis circuits. It offers particular advantages in two situations: (1) interven-
tion on a juxta-anastomotic stenosis, especially in the setting of multiple outflow 
vein stenoses, and (2) evaluation of a dysfunctional or thrombosed fistula when 
pre- procedural evaluation does not definitively localize the abnormality. In 
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addition to general radial access risks including vasospasm and hand ischemia, the 
smaller sheaths required for radial access also constrain balloon size, limiting 
intervention options in the setting of a central stenosis and for some upper-
arm grafts.

 Summary of Primary Evidence

Citation
Dialysis 
access Abnormality

Cases 
(patients)

Key reported 
outcomes Complications

Kawarada [9] Mature 
radiocephalic 
AVF

Dysfunction 
or occlusion

11 (11) Anatomic 
success – 100%
Clinical 
success – 100%
Primary 
patency – 64% 
(6 months)

None reported

Wang [13] Mature 
radiocephalic 
AVF

Dysfunction 
or occlusion

50 (49) Anatomic 
success – 91%
Clinical 
success – 93%

None reported

Lin [11] Upper-arm 
AVF or AVG

Dysfunction 
or occlusion

165 (101) Anatomic 
success – 90%
Clinical 
success – 84%

7 (4.2%) distal 
embolism
9 (5.5%) localized 
extravasation

Wu [19] Upper-arm 
AVG

Occlusion 101 (63) Anatomic 
success – 87%
Clinical 
success – 79%

8 (7.9%) arterial 
embolization
3 (3%) axillary 
vein extravasation

Chen [8] Mature AVF Dysfunction 
or occlusion

154 (131) Anatomic 
success – 61% 
(46% when 
occluded)
Clinical 
success – 84%
Primary 
patency – 52% 
(12 months)
Secondary 
patency – 90% 
(12 months)

1 (0.6%) venous 
extravasation

Hsieh [17] Mature 
radiocephalic 
AVF

Occlusion 54 (54) Anatomic 
success – 92%
Clinical 
success – 92%
Primary 
patency – 40% 
(12 months)

2 (3.7%) venous 
extravasation
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Citation
Dialysis 
access Abnormality

Cases 
(patients)

Key reported 
outcomes Complications

Jeon [18] Upper 
extremity AVG

Occlusion 7 (5) Anatomic 
success – 100%
Clinical 
success – 100%
Primary 
patency – 60% 
(4 months)
Secondary 
patency – 100% 
(4 months)

None reported

Wu [14] Mature 
radiocephalic 
AVF

Occlusion 48 (48) Anatomic 
success – 96%
Clinical 
success – 96%
Primary 
patency – 44% 
(12 months)
Secondary 
patency – 89% 
(12 months)

2 (4%) venous 
extravasation

Hsieh [2] Immature 
radiocephalic 
AVF

Non- 
maturation

51 (51) Anatomic 
success – 96%
Clinical 
success – 94%
Primary 
patency – 51% 
(6 months)
Secondary 
patency – 90% 
(6 months)

6 (12%) venous 
extravasation

Le [10] AVF or AVG Dysfunction 
or occlusion

55 (40) Anatomic 
success – 88%
Clinical 
success – 84%
Secondary 
patency – 83% 
(12 months)

1 (1.8%) ruptured 
pseudoaneurysm

Rahmatzadeh 
[12]

Upper-arm 
AVF or AVG

Dysfunction 30 (30) Anatomic 
success – 100%
Clinical 
success – 100%
Primary 
patency – 33% 
(12 months)
Secondary 
patency – 63% 
(12 months)

None reported
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Citation
Dialysis 
access Abnormality

Cases 
(patients)

Key reported 
outcomes Complications

Alsheekh [7] Immature AVF Non- 
maturation

44 (27) Patency of 
fistula and 
radial artery – 
100% (1 week)

25 (57%) outflow 
vein wall injury
4 (9%) venous 
extravasation
3 (6.8%) AVF 
spasm
3 (6.8%) intimal 
flap formation
2 (4.5%) puncture 
site hematoma

 Cases

Case 1: 66-year-old male with a mature radiocephalic fistula having issues with low 
flow and clotting while on dialysis resulting in hospitalization for multiple missed 
sessions. Initial fistulogram (A) performed via the sheath revealed a juxta- 
anastomotic stenosis (black arrowhead) and an additional outflow vein stenosis 
(white arrowhead). Angioplasty was performed first of the radial artery (B) and then 
of the anastomosis and cephalic vein (C). Completion fistulogram demonstrated 
technical success (D). The patient was able to complete a full dialysis session via 
the fistula on the same day and was discharged the following morning.
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Case 2: 72-year-old male receiving hemodialysis via a tunneled catheter for the 
past 2 years. His radiocephalic fistula was non-maturing at 10 weeks after creation. 
Initial fistulogram performed via a catheter in the brachial artery demonstrated a 
diminutive radial artery and a juxta-anastomotic stenosis (A). The entire length of 
the radial artery was angioplastied (B), followed by the cephalic vein (C). Completion 
fistulogram performed via the sheath demonstrates improvement in the juxta- 
anastomotic stenosis (D). The patient initiated hemodialysis via the fistula 3 weeks 
after the intervention, and his tunneled catheter was removed 6 weeks following 
intervention.

 

 

15 Hemodialysis Access Interventions



156

 

 

Case 3: 51-year-old male with a radiocephalic fistula created 6 months prior and 
never used. The patient had undergone one prior intervention for non-maturation. 
Initial fistulogram (A) demonstrated a single juxta-anastomotic stenosis, which 
improved following angioplasty (B and C). Doppler ultrasound 3  weeks post- 
procedure showed flows of 880  mL/min, increased from 362  mL/min 
pre-operatively.
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Case 4: 68-year-old female admitted with acute failure of a right upper arm graft. 
On initial evaluation, there was thrombus within both the graft and the outflow vein 
as well as extensive central venous collateralization (A). Following infusion of 4 mg 
TPA and mechanical thrombectomy with AngioJet, the graft was patent, but central 
occlusion persisted (B). Via the same 6 Fr radial sheath, two 12 mm central stents 
were placed and post-dilated with a 10 mm balloon (C). On completion fistulogram, 
the graft was patent (D), and the central venous collaterals were no longer visual-
ized (E).
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Chapter 16
Carotid and Vertebral Intervention

Reade De Leacy, Devin V. Bageac, Brett Marinelli, Sayan Manna, 
and J. Mocco

Abbreviations

CAS Carotid artery stenting
CEA Carotid endarterectomy
CT Computed tomography
CTA Computed tomography angiogram
DSA Digital subtraction angiography
DWI Diffusion weighted imaging
FMD Fibromuscular dysplasia
ICA Internal carotid artery
MRI Magnetic resonance imaging
PA Posteroanterior
PTA Percutaneous transluminal angioplasty
TF Transfemoral
TR Transradial
VA Vertebral artery
VAS Vertebral artery stenting

 Introduction

Carotid artery stenting (CAS) has steadily grown in popularity since the early 
2000s, as a series of randomized trials have shown that the procedure confers long- 
term benefits similar to carotid endarterectomy (CEA) in appropriately selected 
patients [2, 9, 10, 13]. Vertebral artery stenting (VAS), though less well supported 
than CAS, is also performed in patients meeting select criteria. Over the past decade, 
evidence has grown to support the use of the transradial (TR) approach. Benefits of 
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this approach include fewer access site complications and, in select cases, avoid-
ance of tortuous anatomy when navigating to the target lesion. This chapter aims to 
guide the reader through the utilization of TR access in carotid and vertebral artery 
interventions first by explaining the basics of arch navigation and relevant equip-
ment, followed by four illustrative cases.

Recent studies have demonstrated that, compared to transfemoral (TF) access, 
transradial CAS has similar rates of procedural success, and similar or fewer access- 
site complications, myocardial infarctions, and strokes [6, 11, 14]. Depending on 
proceduralist experience, fluoroscopy time and total procedure time may also be 
shorter [6, 11, 14]. Table  16.1 briefly summarizes results of notable case series 
evaluating the safety and efficacy of transradial CAS. Through multiple case series, 
transfemoral VAS has demonstrated similar safety outcomes [4, 6, 8, 12, 16]. The 
four cases presented in this chapter offer examples of how the TR approach might 
be used to access the vertebral and common carotid arteries for intervention.

Before deciding on a TR approach for supra-aortic neuro-interventions, the anat-
omy of the aortic arch should be thoroughly examined on pre-procedural cross- 
sectional imaging.

Due to branch vessel angulation, types II, III, and the bovine variant are chal-
lenging to access from a TF approach and have been associated with increased fluo-
roscopy time, contrast dose, stroke risk, and procedural failure [1, 15]. TR access 
allows for negotiation of these complex configurations, particularly the bovine vari-
ant (see “Left ICA Primary Stenting”), in which inferior support for sheaths can be 
provided by the initial horizontal segment of the left common carotid artery [5].

Table 16.1 Results of transradial CAS in selected cohort studies

Author
Year 
published

Sample 
size (n)

Mean 
age 
(years)

Procedural 
success rate Complications

Folmar 
et al.

2007 42 71 83% Stroke (1)

Pinter 
et al.

2007 20 72 90% Symptomatic radial artery 
occlusion (1); severe pain at 
access site (1)

Patel et al. 2009 20 65 80% Transient ischemic attack (1)
Etxegoien 
et al.

2012 382 68 91% Stroke (4); radial artery occlusion 
(1); death (1)

Lee et al. 2016 33 69 100% Transient ischemic attack (1)
Mendiz 
et al.

2016 101 71 100% Stroke (2), transient ischemic 
attack (1)

Gao et al. 2018 28 72 100% Temporary bradycardia (3)
Iwata et al. 2019 26 72 100% Transient ischemic attack (1)
Ruzsa 
et al.

2014 130 66 90% Symptomatic radial artery 
occlusion (2), asymptomatic 
radial artery occlusion (8), 
forearm hematoma (2)
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Due to the asymmetry of the aortic arch, the technique and laterality of the TR 
approach varies widely based upon patient anatomy and the vessel to be treated. 
Many clinicians prefer a default right radial approach due to a combination of con-
vention (carried over from its use in coronary interventions) and support provided 
when cannulating common carotid ostia at acute angles [3, 11]. For vertebral inter-
ventions in common arch variants, an ipsilateral TR approach is utilized for straight-
forward access through the subclavian artery. These procedures can be performed 
from the patient’s right side via left distal TR access, with the left hand resting 
comfortably near the patient’s right hip.

Procedural failure with transradial CAS or VAS is due either to failed navigation 
of the catheter to the target vessel, or inadequate support in maintaining the position 
of the catheter system. For right-sided lesions, failure rates increase with steeper 
angulation between the right subclavian and right common carotid [7]. On the left, 
non-bovine arches have been shown to increase failure rates due to poor inferior 
support for catheter systems [5]. The cases presented here are intended to elucidate 
some of the techniques involved in avoiding these issues, in order to facilitate the 
use of TR access in these procedures.

 Equipment List

With the exception of the stents themselves, the basic equipment lists are similar for 
TR CAS and VAS. These can be categorized according to the phase of the procedure 
during which they are employed.

• Access

 – Micropuncture access set and a 5/6-Fr slender sheath
 – 0.088″ guiding sheath or long reinforced 6Fr sheath

Top Five Tips
 1. Thorough evaluation of cross-sectional imaging evaluation of the neck and 

arch prior to any intervention.
 2. Local injection of dilute perivascular nitroglycerine (50mcg) at the radial 

artery access site can aid in local vasodilation prior to micropuncture and 
initial glide sheath access.

 3. Upsize to a 0.088″ sheath over a long exchange wire anchored at the sub-
clavian artery.

 4. Pair long (≥125  cm) selecting catheters coaxially with a long 0.088″ 
sheath to access the right or left common carotid arteries.

 5. When advancing guide sheath to optimal location within the common 
carotid artery, maximize support using 0.038″ or stiff 0.035″ glidewire 
(≥180 cm) with wire tip positioned distally within either the occipital or 
internal maxillary artery.

16 Carotid and Vertebral Intervention
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• Planning

 – ≥125 cm 5-Fr selecting catheter (e.g., Simmons or Berenstein select)
 – Exchange length 0.035″ Bentson or Amplatz wire
 – Selection of glidewires (≥180 cm 0.038″ and 0.035″ stiff)

• Intervention

 – Selection of balloon expandable stents for ostial disease or self-expanding 
nitinol stents for common carotid or internal carotid lesions

 – Embolic protection device
 – Selection of monorail PTA catheters in various lengths and balloon sizes
 – Selection of 0.014″ neurovascular micro-guidewires

• Closure

 – Radial puncture compression device

 Arch Navigation

The fundamental techniques of arch navigation for supra-aortic vessel selection are 
common to all of the procedures discussed in this chapter, as well as those presented 
in Chap. 17. In the majority of cases, TR access allows for direct catheterization of 
the ipsilateral vertebral artery (VA). The same is true less frequently for right com-
mon carotid artery (CCA) or bovine origins that branch at shallow angles with 
respect to the catheter approach.

In most cases of TR access, the left and right CCAs can be selected using a 
Simmons 2 catheter after forming its shape in the ascending aorta. This can be 
achieved by advancing the guidewire into the descending aorta, and coaxially 
advancing the Simmons 2 such that the genu is located just distal to the origin of the 
innominate artery. The wire is then withdrawn proximal to the genu. The system is 
pinned and advanced as a unit such that the shape is formed with the elbow of the 
catheter in the inferior ascending aorta. Right innominate and left carotid arteries 
can then be selected.

In order to facilitate access to the left subclavian artery from a right TR approach, 
it is often advantageous to form shape of the Simmons 2 in the descending aorta, 
using the stepwise approach illustrated in Fig. 16.1. First, the catheter is navigated 
into the descending aorta and positioned with the genu of the catheter distal to the 
apex of the arch. Second, the guidewire is withdrawn proximal to the genu, and the 
catheter is rotated such that a loop forms distal to the wire. Third, the wire is then 
gently advanced, pushing the loop distally. As the loop is pushed, the natural curve 
of catheter causes the tip to invert, and the Simmons 2 shape is formed.

Though variations in technique may be required to accommodate individual 
patient anatomy, these basic techniques allow for successful supra-aortic vessel 
selection in the majority of cases, and serve as the basis upon which TR angio-
graphic procedures in these territories are performed.
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 Right Vertebral Artery Origin Angioplasty and Stenting

 Case Description

In order to illustrate a standard case of right vertebral artery stenting, consider the 
case of a 56-year-old man with history of hyperlipidemia and stroke who pre-
sented to clinic with intermittent episodes of left homonymous hemianopsia and 
left-sided weakness. MRI revealed ischemic changes compatible with watershed 
hypoperfusion in the right cerebrum and vertebrobasilar insufficiency. Cerebral 
angiography demonstrated extensive vascular disease including chronic occlusion 
of the right ICA and left VA, as well as severe stenosis of the dominant right 

Fig. 16.1 Basic steps of Simmons 2 shape formation in the descending aorta
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vertebral artery. He underwent vertebral artery angioplasty and stenting. Special 
attention will be paid to the process of TR access, which will be referred back to 
in subsequent cases.

 Procedure

Access Cardiopulmonary monitoring was placed, monitored anesthesia care was 
initiated, and a time-out was performed. The right wrist and both groins were 
prepped and draped in the usual sterile fashion. Using ultrasound guidance, the 
radial artery was localized and local anesthesia (1% Lidocaine) was infiltrated sub-
dermally. Under continued ultrasound, a single wall puncture of the radial artery is 
performed at the level of the radial epiphysis on the volar radial surface.

Using modified Seldinger technique, a 5/6-Fr slender sheath was gently inserted 
into the radial artery and maintained on a heparinized flush. A radial artery access 
cocktail consisting of 3000 U heparin, 200 ug nitroglycerin, and 2.5 mg verapamil 
was mixed with 10 cc of the patient’s blood and slowly infused through the sheath 
over 5–10 minutes to induce vasodilation. Throughout this infusion, the patient’s 
vital signs were closely monitored for hypotension. Roadmapping of the radial 
artery was performed to evaluate for anatomic variations that may complicate cath-
eter navigation.

Planning A 6-Fr guide catheter was carefully advanced over a 0.35″ Bentson 
guidewire through the right radial, brachial, axillary, and subclavian arteries. 
Weight-based dosing of intravenous heparin was administered. Angiography of the 
right subclavian artery demonstrated >80% stenosis at the origin of the right verte-
bral artery with evidence of flow limitation (Fig.  16.2a). Cerebral angiography 
revealed no abnormalities.

Intervention A 0.014″ microguidewire was used to traverse the stenosis at the 
origin of the right vertebral artery under fluoroscopic and roadmap guidance. A 
5 mm × 12 mm balloon mounted stent was positioned at the level of maximal steno-
sis (Fig.  16.2b), and the balloon was carefully inflated to nominal pressures 
(Fig. 16.2c). The balloon was deflated, withdrawn, and reinflated at the proximal 
margin of the stent to flare it outward at the vessel ostium (Fig. 16.2d). Angiography 
demonstrated immediate marked improvement in vessel caliber and arterial flow 
through the right vertebral artery (Fig. 16.2e). Repeat cerebral angiography revealed 
no vessel occlusions. The catheters were removed, followed by the radial sheath, 
and hemostasis achieved with a compressive band. His neurologic exam remained 
unchanged from his pre-procedure baseline.
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 Right ICA Angioplasty and Stenting

 Case Description

An 84  year-old man with a history of hypertension, hyperlipidemia, myocardial 
infarction, and intermittent left upper extremity numbness for 1 month presents to 
the ED with acute onset left facial droop and intermittent dysarthria. CTA of the 

a

d e

b c

Fig. 16.2 (a) Arterial phase digital subtraction angiography (DSA), subclavian injection, working 
view demonstrates right vertebral ostial stenosis. (b) DSA taken after crossing the lesion with bal-
loon mounted stent. (c) Unsubtracted radiograph following balloon inflation. (d) Roadmap shows 
second balloon inflation at the level of the ostia. (e) Final arterial phase angiogram, subclavian 
injection, working view shows resolution of stenosis
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head and neck shows >85% stenosis of the proximal right internal carotid artery. 
Diffusion weighted magnetic resonance imaging demonstrated multiple foci of 
restricted diffusion in the right frontal lobe compatible with embolic stroke 
(Fig. 16.3a). He is indicated for CAS.

a

c d

b

Fig. 16.3 (a) Diffusion weighted imaging (DWI) showing small area of restricted diffusion 
(arrow). (b) Arterial phase DSA, subclavian injection, PA view demonstrating steep takeoff the 
right CCA. (c) Arterial phase DSA, CCA injection, working view demonstrating critical right ICA 
stenosis (arrow). (d) Final arterial phase angiogram, right CCA injection, working view shows 
resolution of stenosis (arrow)
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 Procedure

Access Standard monitoring, prep, and right-sided TR access was performed as 
described in “Procedure”.

Planning The access sheath was exchanged over a Bentson wire for a navigable 
0.088″ long sheath. An angiographic run of the right subclavian artery was per-
formed, demonstrating a steep takeoff of the right CCA.  A 120  cm long 5-Fr 
Simmons 2 catheter was inserted over a 0.038″ guidewire, shaped in the ascending 
aorta following the technique described in “Arch Navigation”, and used brought 
back through the innominate artery to catheterize the right CCA (Fig. 16.3b). The 
0.088″ sheath was advanced over the selecting catheter and positioned in the right 
common carotid artery. Baseline cervical and cerebral angiography performed 
depicting critical right ICA origin stenosis (Fig. 16.3c) and right hemispheric hypo-
perfusion (not shown). Stent and balloon sizing was determined from baseline cer-
vical angiogram.

Intervention Weight-based dosing of intravenous heparin was administered. The 
lesion was crossed with 0.014″ neurovascular microguidewire and embolic protec-
tion device deployed using appropriate technique. A 8 × 29 mm self-expanding niti-
nol stent was deployed across the area of stenosis, and angioplastied to nominal 
pressure with a 4 × 30 mm monorail percutaneous transluminal angioplasty (PTA) 
catheter. Distal embolic protection system recaptured using appropriate technique. 
Post-intervention cervical and cerebral angiography demonstrated appropriate stent 
placement, resolution of baseline stenosis (Fig. 16.3d), no intracranial branch occlu-
sions, and improved cerebral perfusion (not shown). The long sheath was removed, 
and hemostasis achieved with a compressive band.

 Left ICA Primary Stenting

 Case Description

The following case serves to illustrate the usefulness of TR access when approach-
ing left ICA pathology through a bovine arch. A 67-year-old woman with a history 
of hypertension, hyperlipidemia, diabetes, prior stroke, and bilateral severe symp-
tomatic carotid artery stenosis presents for consultation. She underwent right CEA 
1 month prior and suffered a significant period of nausea and vomiting postopera-
tively. She recovered, but required treatment of the left-sided lesion. Given her 
adverse reaction to prior CEA, she is considered high risk for a second operation. 
She elects to undergo left CAS, and a right TR approach was selected due to the 
presence of a bovine arch (Fig. 16.4a).
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 Procedure

Access Standard monitoring, prep, and right-sided TR access was performed as 
described in “Procedure”.

Planning The access sheath was exchanged over a Bentson wire for a navigable 
0.088″ long sheath. A 120 cm long 5-Fr Simmons Select catheter was inserted over 
a 0.038″ guidewire to facilitate cannulation of the left CCA, emerging from the right 
innominate artery. The 0.088″ sheath was advanced over the selecting catheter and 
positioned in the left CCA. DSA of the left ICA revealed critical stenosis. Cerebral 
angiogram revealed no abnormalities.

Intervention Weight-based dosing of intravenous heparin was administered. A 
4 mm embolic protection device was advanced across the area of stenosis over a 
microguidewire and deployed (Fig. 16.4b). A 8 × 29 mm self-expanding nitinol was 
deployed across the area of stenosis, which resulted in resolution of the abnormality 
without the need for angioplasty (Fig. 16.4c). The distal embolic protection system 

a b c

Fig. 16.4 (a) 3D reconstruction of the patient’s computed tomography angiogram (CTA) demon-
strates a bovine arch. (b) Arterial phase DSA, left CCA injection, working view shows critical 
stenosis at the ICA origin. (c) Final arterial phase DSA, working view, CCA injection shows reso-
lution of stenosis after primary stenting
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was carefully recaptured. Post-intervention cervical and cerebral angiography dem-
onstrated excellent placement of the stent with no significant residual stenosis and 
no sign of thromboembolic event. The catheters were removed, followed by the 
long sheath, and hemostasis achieved with a compressive band.

 Left Vertebral Artery Origin Angioplasty and Stent

 Case Description

In this final case, TR access is utilized when TF access fails to result in adequate 
inferior support for the catheter system. A 64-year-old man with history of multiple 
posterior circulation infarctions over the prior 5 months presented for evaluation. 
Magnetic resonance angiography revealed complete occlusion of the right VA and 
critical stenosis of the left VA origin. He elects to undergo diagnostic angiogram and 
possible stenting of the stenotic left VA.

 Procedure

Access A transfemoral approach was initially attempted and abandoned due to 
inability to obtain a stable platform for intervention (Fig.  16.5a). Subsequently, 
standard TRA of the left radial artery was performed as described in “Procedure”.

Planning Supplemental heparin was administered to total 5000 U, and the access 
sheath was exchanged over a Bentson wire for a 100  cm long 5-Fr sheath. 
Angiograms of neck and brain were performed, revealing normal cerebral vascula-
ture, and left vertebral ostial stenosis >80% (Fig. 16.5b).

Intervention The ostial lesion was crossed with by a 5-Fr angle taper catheter and 
a 0.014″ straight tip guidewire (Fig.  16.5b). Predilation was performed using a 
2 mm × 20 mm monorail PTA catheter (Fig. 16.5c), and a 4 mm × 12 mm balloon 
mounted stent was subsequently deployed and expanded to nominal diameter 
(Fig.  16.5d). Post-deployment angiogram demonstrated no residual stenosis. 
Intracranial angiography shows no branch occlusions and improved cerebral perfu-
sion. The microguidewire and guide sheath were removed, and hemostasis was 
achieved with a compressive band. The right femoral sheath was also removed, and 
the arteriotomy was closed with an extraluminal closure device.
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Fig. 16.5 (a) Arterial phase DSA, left subclavian injection, working view shows initial attempt at 
TF approach to the lesion (arrow). (b) Arterial phase DSA, left subclavian injection, working view 
demonstrates >80% stenosis at the vertebral artery origin. Note the transfemoral catheter still in 
place. (c) Arterial phase DSA, left subclavian injection, working view shows the lesion crossed by 
the stent. (d) Final arterial phase DSA, left subclavian injection, working view shows resolution of 
stenosis
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Chapter 17
Endovascular Neurosurgery and Stroke 
Intervention

Reade De Leacy, Devin V. Bageac, Jennifer M. Watchmaker, Sayan Manna, 
and J. Mocco

Abbreviations

AVM Arteriovenous malformation
CCA Common carotid artery
CT Computed tomography
CTA Computed tomography angiogram
dAVF Dural arteriovenous fistula
DMSO Dimethylsulfoxide
DSA Digital subtraction angiography
ECA External carotid artery
ICA Internal carotid artery
MCA Middle cerebral artery
MRI Magnetic resonance imaging
PA Postero-anterior
PCA Posterior cerebral artery
SAH Subarachnoid hemorrhage
TFA Transfemoral
TR Transradial
VA Vertebral artery

 Introduction

After rising in popularity throughout the 1990s, transradial (TR) access for neu-
roangiography began to cross over into clinical practice during the early 2000s. 
Since that time, case series have been published supporting its safety, cost 
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effectiveness, and shorter recovery times rendering it preferable to transfemoral 
(TF) access in certain anatomic contexts [1–7]. This chapter is designed to act as a 
guide through five illustrative cases utilizing TR access in endovascular neurosur-
gery and stroke intervention.

Section “Neuroangiography” details an example of a standard elective diagnostic 
angiogram for treatment planning. Though not discussed further in this chapter, it 
should be also noted that TR access offers major advantages during intraoperative 
angiography by allowing the patient to be in comfortable position in the lateral or 
prone position without the use of long femoral sheaths [8, 9].

More recently, advancements in guide and access catheter technology have per-
mitted TR access to be employed to a broad range of intracranial interventions. The 
safety and feasibility of TR access for cerebral aneurysm treatment has been 
described in a number of large case series [3, 10–13]. The in “Stent Assisted Coiling 
of Unruptured Right MCA Wide-neck Bifurcation Aneurysm”, the patient described 
in “Neuroangiography” returns 2 months later to undergo TR stent-assisted coiling 
of a wide-neck MCA bifurcation aneurysm. Continuing the theme of aneurysm 
treatment, “LICA Blister Aneurysm Embolization with Flow Diversion” describes 
TR intervention on a subarachnoid hemorrhage patient with an enlarging left inter-
nal carotid artery (ICA) blister aneurysm using a flow diverting stent.

Retroperitoneal hematoma, a rare but serious complication of TF access, carries 
an estimated mortality risk between 4% and 12% and is associated with prolonged 
hospital admissions [14]. TR access obviates this unnecessary risk. “Right Occipital 
AVM embolization with Onyx” describes a patient with a previously ruptured 
occipital arteriovenous malformation (AVM) who experienced a severe access asso-
ciated retroperitoneal hematoma following a TF catheter angiogram. Subsequent 
interventions proceeded via TR and ulnar access without complication.

In select cases of stroke intervention, particularly posterior circulation occlu-
sions such as the one illustrated in “Direct Aspiration Thrombectomy of Distal 
Basilar Occlusion”, TR access can provide increased guide catheter stability and 
ease of navigation. The TR approach can allow the interventionalist to circumvent 
proximal great vessel tortuosity, and may also be advantageous when facing severe 
aortoiliac disease or ectasia, Stanford type A and B aortic dissections, and prior 
aortic root/arch reconstructions [15–17].

Top Five Tips and Tricks
 1. Ultrasound for access or radial artery over the volar radial surface or within 

the snuff box. Never access proximal to brachioradialis insertion due to 
risk of deep forearm space hematoma/compartment syndrome.

 2. Obtain a roadmap of forearm vasculature to evaluate for anatomic variants.
 3. At the time of writing, for 6-vessel diagnostic angiography, navigation of 

the aortic arch and branches is best achieved with hydrophilic Simmons 2 
or Simmons 3 catheters.
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 Neuroangiography

 Case Description

In order to illustrate standard technique for the safe performance of TR neuroan-
giography, we first present the case of a 49-year-old female with a history of multi-
nodular goiter, who was found to have an unruptured 7 mm right middle cerebral 
artery (MCA) aneurysm on workup for thyroid surgery. She underwent cerebral 
angiography performed for treatment planning. 3D computed tomography angiog-
raphy (CTA) reconstruction demonstrating arch and great vessel anatomy is included 
in Fig. 17.1. A basic equipment list for this procedure includes:

• Access

 – Micropuncture access set and a 4/5-Fr slender sheath

• Angiography

 – 5-Fr Simmons 2 for Simmons 3 catheter
 – Bentson and 0.035″ guidewires

• Closure

 – Radial puncture compression device

 Procedure

Access Cardiopulmonary monitoring was placed, monitored anesthesia care was 
initiated, and a time-out was performed. The right wrist and both groins were 
prepped and draped in the usual sterile fashion. Using ultrasound guidance, the 
radial artery was localized, and local anesthesia (1% Lidocaine) was infiltrated sub-
dermally. Under continued ultrasound, a single wall puncture of the radial artery is 
performed at the level of the radial epiphysis on the volar radial surface.

Using modified Seldinger technique, a 4/5-Fr slender sheath was gently inserted 
into the radial artery and maintained on a heparinized flush. A radial artery access 
cocktail consisting of 3000 U heparin, 200 ug nitroglycerin, and 2.5 mg verapamil 

 4. For access of the left vertebral artery, form the diagnostic Simmons cath-
eter, with the elbow of the catheter within the descending arch/tho-
racic aorta.

 5. For interventional case, pair a 125 cm diagnostic catheter, coaxially within 
your chosen guiding catheter rather than utilizing a long exchange 
technique.
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was mixed with 10 cc of the patient’s blood and slowly infused through the sheath 
over 5–10 minutes to induce vasodilation. Throughout this infusion, the patient’s 
vital signs were closely monitored for hypotension. Roadmapping of the radial 
artery revealed a proximal brachial bifurcation, a normal anatomic variant 
(Fig. 17.2a).

Angiography Using coaxial technique, a 5-Fr Simmons 2 catheter was advanced 
into the right subclavian artery over the Bentson wire, and roadmapping was per-
formed. Following techniques described in section “Equipment List”, and with the 
aid of the roadmapping (Fig. 17.2b), fluoroscopy, and careful guidewire manipula-
tion when necessary, bilateral common ceratoid arteries (CCAs), internal carotid 
arteries (ICAs), external carotid arteries (ECAs), and vertebral arteries (VAs) were 
selectively catheterized. Digital subtraction angiography (DSA) was performed 
upon each successive selective catheterization. Right ICA injection revealed a wide- 
neck MCA bifurcation aneurysm, arising primarily from the superior division and 
projecting laterally (Fig. 17.2c). 3D rotational angiography better characterized the 
extent of superior division involvement, as well as a multilobular morphology 

a b

Fig. 17.1 Preprocedural CTA, 3D reconstruction in two views demonstrates Type 2 arch. The 
course of the right CCA is deviated laterally due to a large multinodular goiter

R. De Leacy et al.



181

a

c d

b

Fig. 17.2 (a) Roadmap of the radial artery demonstrating a proximal brachial bifurcation. (b) 
Sample roadmap of the right CCA shows catheter loop formed in the ascending aorta. (c) Arterial 
phase DSA, right ICA injection, postero-anterior (PA) view shows a wide-neck MCA bifurcation 
aneurysm. (d) Reconstructed 3D rotational angiogram orientated as displayed by figure inset
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(Fig. 17.2d). The catheter was removed, followed by the radial sheath, and hemosta-
sis was achieved with a compressive band. Following an uneventful post-procedural 
recovery, the patient was counseled on potential treatment options, and elected to 
undergo endovascular treatment with stent-assisted coil embolization.

 Stent-Assisted Coiling of Unruptured Right MCA Wide-Neck 
Bifurcation Aneurysm

 Case Description

The patient described in “Neuroangiography” returns 2 months following angiogra-
phy for stent-assisted coiling of her wide-neck aneurysm. The principal techniques 
of TR angiography are expanded in this first example of TR cerebral aneurysm 
embolization, for which a basic equipment list includes:

• Access

 – Micropuncture access set and a 5/6-Fr slender sheath
 – 0.070″ or 0.071″ navigable guiding catheter

• Planning

 – >125 cm 5-Fr selecting catheter (e.g., Simmons or Berenstein select)
 – 150 cm Bentson guidewire
 – 0.035″ or 0.038″ stiff guidewire

• Intervention

 – Variable, and may include endovascular coils, coil-assist stents or balloon 
microcatheters, flow-diverting stents, and intrasaccular devices

 – Intermediate catheter for distal pathology

• Closure

 – Radial puncture compression device

In this case, endovascular coils were used in conjunction with an open-celled 
stent bridging the wide neck of the aneurysm.

 Procedure

Access Standard monitoring, prep, and TR access of the right radial artery was 
performed following the technique described in “Case Description”. As opposed to 
the 4/5-Fr sheath sufficient for diagnostic angiography, a 5/6-Fr slender glide sheath 
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was placed to facilitate the larger interventional catheter system. The procedure was 
performed under general anesthesia.

Planning Using coaxial technique, a 6-Fr guide catheter was advanced into the 
right subclavian artery over a Bentson wire. A long (125 cm) 5-Fr Simmons 2 cath-
eter was passed coaxially through guide, shaped within the aortic arch, and used to 
select the right CCA. The guiding catheter was then advanced further to the skull 
base. In order to determine the appropriate stent size, 3D rotational angiography 
was performed, and the diameters of parent and distal vessels were recorded 
(Fig. 17.3a).

Intervention Working projections were obtained from 3D acquisition, and heparin 
was administered to achieve and activated clotting time (ACT) target of 2–2.5 above 
baseline. The first (stenting) microcatheter was advanced under guidance to the 
intracranial circulation over a 0.014″ microguidewire, and the superior M2 MCA 
division was selected. Superselective angiography confirmed free flow of contrast 
(Fig. 17.3b). Using similar technique, a second (coiling) microcatheter was posi-
tioned within the aneurysm sac. To prevent dome perforation by the tip of the coil-
ing microcatheter during stent deployment, a single loop of framing coil was placed 
within the aneurysm sac. Next, a 3.0 × 15 mm open-cell stent was deployed via the 
first catheter from the superior M2 branch into the distal M1, bridging the aneurysm 
neck and jailing the coiling microcatheter (Fig. 17.3c). After successful jailing was 
confirmed, coils were sequentially placed and deployed within the aneurysm sac 
under guidance using standard technique. Final angiographic evaluation in working 
projections demonstrated trace contrast filling coil interstices consistent with modi-
fied Raymond-Roy Class IIIA result, and final standard projection angiography 
showed no branch occlusions (Fig. 17.4). The catheters were removed, followed by 
the radial sheath, and hemostasis achieved with a compressive band.

 LICA Blister Aneurysm Embolization with Flow Diversion

 Case Description

In select cases, cerebral aneurysm may be treated by the placement of a flow divert-
ing stent. This can also be accomplished transradially, as demonstrated in this case 
of a 46-year-old female who presented with severe onset of headache, nausea, and 
vomiting. CT head (Fig. 17.5a) demonstrated left carotid cistern and left sylvian 
fissure subarachnoid hemorrhage (SAH), corresponding to a modified Fischer 
Grade 1. Initial angiography showed possible supraclinoid left ICA blister. Repeat 
DSA 1  week later confirmed a subtle ICA blister aneurysm of the dorsal ICA 
approximately 23  the distance between the ophthalmic origin and ICA terminus, 
which had grown slightly (Fig. 17.5b). She presents for endovascular treatment with 
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a b

Fig. 17.4 Final arterial phase DSA, right ICA injection following intervention demonstrates a 
modified Raymond-Roy Class IIIa result. (a) PA view. (b) Lateral view

a b c

Fig. 17.5 (a) CT head demonstrates SAH in left carotid and sylvian cisterns (open arrow). (b) 
Arterial phase DSA, left ICA injection, lateral view shows a subtle ICA blister aneurysm of the 
dorsal ICA. (c) Unsubtracted radiograph, PA view shows the course of radial catheter from right 
subclavian to left ICA. (Figure reproduced with permission of Dr. Justin Singer, MD)

Fig. 17.3 (a) 3D rotational angiography, right ICA injection. (b) Unsubracted superselective M2 
angiogram, lateral view. A guide catheter is positioned in the distal petrous ICA. (c) Unsubracted 
angiogram, right ICA injection, PA view demonstrates successful jailing of the coil delivery cath-
eter by the stent (distal and proximal markers indicated by open arrows). A single loop of coil is 
placed within the aneurysm prior to stenting (closed arrow)
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placement of a flow diverting stent, utilizing the same equipment for access, plan-
ning, and closure as described in “Case Description”.

 Procedure

Access Prior to the start of the procedure, the patient received a loading dose of 
aspirin and clopidogrel. Standard monitoring, prep, and TR access of the right radial 
artery was performed following the technique described in “Case Description”, and 
a 5/6F slender glide sheath was placed. The procedure was performed under general 
anesthesia.

Planning The sheath was exchanged for a 0.088″ guide sheath (100  cm long), 
which was navigated into the left distal ICA over a 5-Fr Simmons 2 (Fig. 17.5c). 
Routine projections and 3D rotation angiogram were obtained. Stent sizing and 
magnified working views were derived from 3D acquisition.

Intervention A distal access catheter was navigated into the left MCA over an 
offset catheter and a 0.014″ microguidewire. The guide sheath was then further 
advanced to the vertical petrous ICA for stability (Fig. 17.6a), and 6000 units of 
heparin was administered as an IV bolus. The flow diverting stent was deployed 
using standard technique as described in Fig. 17.6b, ensuring bridging of the dis-
eased ICA segment. Post-deployment runs demonstrated good wall apposition 
(Fig. 17.6c) and stasis (not shown) within the aneurysmal sac. Six-month follow-up 
angiogram (Fig. 17.6d) showed appropriate vascular reconstruction and vessel wall 
remodeling.

 Right Occipital AVM Embolization with Onyx

 Case Description

The current case demonstrates safe navigation of a radial artery loop, as well as an 
instance in which TR access was utilized to mitigate the risks associated with 
femoral artery catheterization. A 58-year-old female with past medical history of 
morbid obesity (BMI 48), HTN, and DM presented with a right occipital paren-
chymal ICH. Subsequent femoral DSA confirmed a right occipital Spetzler-Martin 
grade III arteriovenous malformation (AVM), and complicated by a large right 
retroperitoneal hematoma requiring NSICU admission and resuscitation second-
ary to high femoral access and closure device malfunction. She presented for her 
first session of staged embolization of the AVM. Basic equipment for the proce-
dure includes:
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• Access

 – Micropuncture access set and a 5/6-Fr slender sheath
 – 0.070″ or 0.071″ navigable guiding catheter

• Planning

 – >125 cm 5-Fr selecting catheter (e.g., Simmons or Berenstein select)
 – 150 cm Bentson guidewire
 – 0.035″ or 0.038″ stiff guidewire

a

c

b

Fig. 17.6 (a) Unsubtracted radiograph, working view shows stent deployment. The intermediate 
catheter (closed black arrow) is advanced beyond the aneurysm. Markers (open arrows) signify the 
proximal and distal ends of the sent pusher. The stent is deployed from its delivery microcatheter 
(white arrow) within the intermediate catheter, which is then pulled back for final deployment of 
the stent into the vessel (white circle). (b) Post-deployment angiogram, working view shows good 
wall opposition. (c) Arterial phase DSA, right ICA injection, PA view at 6-month follow-up shows 
no evidence of stenosis or dissection. (Figure reproduced with permission of Dr. Justin Singer, MD)

17 Endovascular Neurosurgery and Stroke Intervention



188

• Intervention

 – Dimethyl sulfoxide (DMSO)–compatible microcatheter with detachable tip
 – Ethylene vinyl alcohol embolic system

• Closure

 – Radial puncture compression device

 Procedure

Access Standard monitoring, prep, and TR access of the right radial artery was 
performed following the technique described in “Case Description”, and a 5/6F 
slender glide sheath was placed. The procedure was performed under general anes-
thesia. Initial radial angiogram through the sheath is shown (Fig. 17.7a).

Planning As the Simmons 2 catheter was advanced through the sheath into the 
radial artery, resistance was encountered at a point beyond the field of view of the 
initial radial angiogram. The catheter was brought back, and an angiogram of the 
brachial bifurcation showed a 360-degree loop at the root of the radial artery 
(Fig. 17.7b). Under roadmapping, a 0.018″ angled glidewire was used to pass the 
loop into the brachial artery, over which the Simmons 2 catheter was coaxially 
passed into the subclavian artery. The radial loop was reduced by the application of 
gentle traction to the Simmons 2 catheter (Fig. 17.7c, d). Planning proceeded with 

a b c d

Fig. 17.7 Access through looped origin of the radial artery. (a) Initial radial angiogram demon-
strates no abnormalities. (b) Radial roadmap including the bifurcation point demonstrates a loop at 
the radial artery origin. (c) The Simmons 2 catheter navigated through the loop over an angled 
guidewire. (d) After gentle traction on the catheter and guidewire, the loop is straightened
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a full diagnostic cerebral angiogram performed using standard technique 
(Fig. 17.8a, b).

Intervention The diagnostic catheter was exchanged for a 0.071″ guide sheath 
over a 260 cm exchange wire. The guide was then advanced into the right vertebral 
artery over a 5-Fr Berenstein select catheter and glidewire. The selecting catheter 
and wire were removed, and a DSA was obtained in magnified working views. 
Intervention proceeded with embolization of selected posterior cerebral artery 
(PCA) feeders using Onyx 18 liquid embolic system through a DMSO–compatible 
microcatheter with detachable tip. The catheters were removed and the radial access 

a

c d

b

Fig. 17.8 Arterial phase DSA, lateral views, pre- and post-embolization. (a) Pre-embolization 
right ICA injection shows two small feeders via the right MCA angular branch supplying a right 
occipital AVM with superficial drainage. (b) Pre-embolization right vertebral injection demon-
strates the main AVM supply arising from the PCA circulation. The AVM measures approximately 
4 cm along its longest axis. (c-d) Follow-up DSAs after four sessions of staged embolization show 
a marked reduction of AVM volume and AV shunting, amenable to transvenous closure
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site was closed with a compressive band. The patient was transferred to the NSICU 
in stable condition at their neurologic baseline. The patient returned for three subse-
quent staged embolizations of additional right PCA, right MCA, and bilateral mid-
dle meningeal artery feeders (Fig. 17.8c, d), and at the time of writing is scheduled 
to undergo final transvenous closure of the AVM.

 Direct Aspiration Thrombectomy of Distal Basilar Occlusion

 Case Description

In some cases of large vessel occlusion involving the posterior circulation, TR 
access may provide the fastest route to the lesion. A 57-year-old male with a past 
medical history of cardiac valve repair and prior right cerebellar infarct presented 
via EMS for acute-onset right hemiparesis, facial droop, and dysarthria. He was last 
seen normal 2.5 hours prior to presentation, and NIH Stroke scale on arrival was 13. 
At baseline, the patient is independent in all activities of daily living.

CTH showed chronic R cerebellar infarct without hemorrhage, and CTA head/
neck showed a left vertebral and basilar tip occlusion (Fig. 17.9). The patient is 
deemed a candidate for thrombectomy.

a b

c

Fig. 17.9 Preprocedural CTA, 3D reconstruction in three views demonstrates an unfolded aorta 
and severe right proximal subclavian tortuosity. (a) The right vertebral artery originates from the 
posterior aspect of the subclavian loop. (b) The course of the distal subclavian artery is relatively 
straightforward. (c) View from right side more clearly demonstrates subclavian loop
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Prior to the procedure, careful review of the patient’s CTA head/neck (3D recon-
struction in Fig. 17.10) revealed an unfolded aorta and severe right proximal subclavian 
tortuosity, leading to a right vertebral artery origin that emanated from the posterior 
aspect of a subclavian loop. This contrasted the relatively straightforward course of the 
distal subclavian artery, prompting the decision to pursue right vertebral catheterization 
via transradial approach. A basic equipment list for this procedure includes:

• Access

 – Micropuncture access set and a 5/6-Fr slender sheath
 – 0.088″ navigable guide sheath

• Planning

 – 150 cm Bentson guidewire
 – 180 cm 0.038″ stiff guidewire

• Intervention

 – Stent retriever and/or intermediate catheter with aspiration tubing
 – 2.7-Fr microcatheter
 – 0.016 microguidewire

a c

b

Fig. 17.10 Preprocedural CTA, maximum intensity projections demonstrate filling defect at the 
basilar apex (white arrow), with good collateralization. (a) Axial view. (b) Sagittal view. (c) 
Coronal view
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• Closure

 – Radial puncture compression device

 Procedure

Access Standard monitoring, prep, and TR access of the right radial artery was 
performed following the technique described in “Case Description”, and a 5/6F 
slender glide sheath was placed. In order to mitigate the risk hypotension, a nitro-
glycerin was not included in the radial cocktail. The procedure was performed under 
monitored anesthesia care.

Planning The sheath was exchanged over a Bentson wire for a 0.088″ guide cath-
eter, which was advanced into the right subclavian artery. Using roadmapping and 
guidewire, the guide was brought up into the right vertebral artery. DSA performed 
5 minutes after radial puncture demonstrated a filling defect at the basilar tip with-
out opacification of the right PCA or superior cerebellar artery (SCA) (Fig. 17.11a, 
b). Based on this finding, the decision was made to proceed with stroke intervention.

Intervention A coaxial system consisting of an intermediate catheter, microcath-
eter, and microwire was advanced into the intracranial circulation. The intermediate 
catheter was brought to the face of the clot, and direct aspiration was initiated. Three 
minutes later, with aspiration still running, the intermediate catheter was retrieved 
under secondary aspiration through the guide catheter. Follow-up angiogram 
through the guide catheter performed 12 minutes after radial puncture demonstrated 
full recanalization of the previously occluded basilar bifurcation (Fig. 17.11c, d). 
The guide catheter was removed and the radial access site was closed with a com-
pressive band. The patient’s immediate post-procedure exam improved to NIHSS 6, 
and they were transferred to the NSICU in stable condition.
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Fig. 17.11 Arterial phase DSA, right vertebral injection, PA and lateral views pre- and post- 
thrombectomy. (a and b) Pre-thrombectomy DSA reveals occlusive thrombus at the basilar tip. (c 
and d) Post-thrombectomy DSA demonstrated full recanalization of the previously occluded basi-
lar bifurcation. There is hyperperfusion in the left SCA territory in keeping with established infarct
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Chapter 18
Acute Hemorrhage and Trauma

David Kestenbaum and Robert Blue

 General Considerations

 To CTA or not to CTA

A CT angiogram is almost always recommended prior to intervention for bleeding. 
A CTA is more sensitive in the detection of active hemorrhage as compared to con-
ventional angiography (0.25  ml/min vs. 0.5  ml/min, respectively) [1]. In some 
cases, bleeding is successfully controlled by empiric embolization of a particular 
vessel or territory identified on preoperative CTA despite a negative invasive angio-
gram [2]. Particularly in the case of GI hemorrhage, CTA is indispensable in its 
ability to accurately identify the offending vessel/vascular territory among the 
entirety of the mesenteric vasculature, saving valuable procedure time and improv-
ing outcomes.

Although the primary utility of a preoperative CTA is to localize a bleeding ves-
sel or identify active hemorrhage, there are a number of additional reasons a preop-
erative scan is useful. In cases of trauma, more than one site of active bleeding can 
be present and may be missed on invasive imaging. Additionally, alternative pathol-
ogy may be identified which may be more appropriately treated by open surgery, as 
in the case of bowel ischemia that has progressed to infarction. Being able to iden-
tify the patient’s anatomy and any anatomic variants can help cut down the time 
required to control the hemorrhage and reduce the risks.

D. Kestenbaum · R. Blue (*)
Department of Diagnostic, Molecular and Interventional Radiology, 
Icahn School of Medicine at Mount Sinai, New York, NY, USA

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-81678-0_18&domain=pdf
https://doi.org/10.1007/978-3-030-81678-0_18#DOI


196

In specific cases, such as hemorrhage due to pelvic fracture and postpartum hem-
orrhage, it is reasonable to forgo preoperative imaging. Post-partum hemorrhage is 
often rapid and difficult to control. As a rule of thumb, if an obstetric surgeon is 
calling you for help with post-partum hemorrhage, the bleeding is likely to be quite 
severe, and you should usually proceed directly to pelvic angiography. It should be 
noted though that when possible, preoperative scanning in these patients can still be 
beneficial in identifying multiple bleeding vessels, gynecologic surgical complica-
tions, and in the case of pelvic trauma, occult fractures.

 Radial Access and Impaired Blood Clotting

Assessing a patient’s CBC and INR is always part of the pre-operative workup for 
IR procedures for hemorrhage. At many institutions, a platelet count >40,000/
microliter and an INR <1.7 are generally recommended for arterial interventions. 
These standards, however, were developed in part to avoid access site hemorrhage 
and pseudoaneurysm formation at the common femoral artery. In patients with cir-
rhosis and severe liver dysfunction, it is often difficult to fully correct the platelet 
count and INR, and infusions of platelets and fresh frozen plasma can also para-
doxically exacerbate hemorrhage by increasing preload.

The radial artery is quite easily identifiable a few millimeters below the surface 
of the skin, and for this reason, compression of the artery access site post procedure 
is dramatically simpler than compression of a common femoral artery access site. 
At our institution, hemostasis is achieved using the TR Band (Terumo, Shibuya 
City, Tokyo), which is placed over the access site for 1–2 hours post procedure. 
Manual palpation is used to confirm the presence of a distal radial pulse after infla-
tion of the band over the access site. Because the Barbeau test is performed before 
the procedure to assess for adequate collateral palmar circulation, and because the 
distal radial pulse is assessed after band placement, it is possible to leave the band 
in place for more than 2 hours if bleeding persists, which can be of especial utility 
in unstable ICU patients. Moreover, a recent study demonstrated that transradial 
access in patients with INR >1.5 appears to be safe [3]. At our institution patients 
are not routinely advised to hold their antiplatelet or anticoagulant medications 
prior to noncoronary transradial procedures.

 The “Radial Cocktail” in the Setting of Hemorrhage

In general, immediately after placing a sheath in the left radial artery, “radial cock-
tail” is administered, consisting of 3000 units heparin, 200 micrograms nitroglyc-
erin, and 2.5 mg verapamil. The goal of this regimen is to reduce the risk of radial 
artery thrombosis post-procedure. In hemorrhagic patients, however, the addition 
of any of these medications may exacerbate hemorrhage. It is recommended, 
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therefore, that in the case of hemodynamic instability, the radial cocktail be avoided 
completely. In cases in which the patient has a stable blood pressure and heart rate, 
it is reasonable to give verapamil and nitroglycerin without heparin. A pre- 
procedure Barbeau examination is always performed prior to radial artery access, 
and an A, B, or C result is necessary to confirm adequate collateral blood flow to 
the hand.

 n-Butyl Cyanoacrylate for Hemorrhage

n-Butyl cyanoacrylate (nBCA) glue can be used as a permanent embolic for the 
treatment of hemorrhage in many settings, and is especially helpful in cases of acute 
hemorrhage in which a patient’s platelets and/or clotting cascade are not fully func-
tional [4, 5]. However, several specific concerns must be addressed when using glue 
due to its particular mechanism of action. TRUFILL n-BCA Liquid Embolic System 
(Johnson and Johnson, New Brunswick, NJ, USA) is an nBCA manufactured for 
intravascular use and is FDA approved for intracranial arteriovenous malforma-
tions, but it has been used off-label in many non-neurologic interventions. Histoacryl 
(B. Braun, Bethlehem, PA, USA) is a skin adhesive consisting of nBCA and is simi-
larly used off-label for embolization. nBCA is not radio-opaque and must be mixed 
with either tantalum powder or lipiodol prior to administration in order to be seen 
fluoroscopically. Care must be taken to mix the glue in a glass container, as lipiodol 
will warp and destroy standard polypropylene syringes and basins. At our institu-
tion, most nBCA arterial embolizations are achieved with a 3:1 solution of lipiodol/
nBCA, though some applications will call for a thicker or thinner solutions depend-
ing on the size of the target vessels and the desired degree of penetration. The larger 
the ratio of lipiodol to nBCA, the “thinner” the solution will be, and the further it 
will penetrate before polymerizing.

nBCA should only be administered through a microcatheter, ideally 2.4F or 
smaller. The catheter must be flushed with 5% dextrose solution at least 3 times 
prior to administration of the nBCA solution to prevent premature polymerization 
within the catheter. If the nBCA comes in contact with blood, saline, or contrast, it 
will polymerize. The nBCA solution should be administered in 0.2–0.4 ml aliquots 
using a polycarbonate syringe (Medalion; Merit Medical, South Jordan, UT, USA) 
and should be followed immediately by 5% dextrose flushes to fully eject it from the 
microcatheter. This should be done slowly under fluoroscopic guidance. If it appears 
that the full volume of the glue aliquot cannot be completely administered without 
causing reflux and/or nontarget embolization, the microcatheter should be quickly 
removed to prevent adherence of the catheter to the target vessel. For this reason, the 
base catheter should always be positioned carefully, such that any adherent glue 
sheared off during withdrawal of the microcatheter will not cause nontarget embo-
lization of a critical vessel. Power injection should not be performed through the 
microcatheter after glue embolization has been performed; the microcatheter must 
be replaced.
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 Thorax

Arteries originating from the aorta at or above the level of T8 can be difficult to can-
nulate from a radial approach due to the limited maneuverability of the catheter 
within the aorta near the aortic arch. Especially if the patient is older, and has a 
tortuous aorta, these cases can be incredibly frustrating from the radial artery.

When preoperative imaging reveals that the origin of a bleeding intercostal or 
bronchial artery emerges at or below the level of the T8 vertebral body, a transra-
dial approach is ideal. Approach is initiated with a 5F Sarah radial catheter and a 
260 cm Bentson wire to access the descending aorta. Once the Bentson wire is 
deep in the descending aorta, the Sarah is exchanged for a 100 cm 4–5 F pigtail 
catheter, and a flush aortogram is performed at or above the suspected vessel ori-
gin. Of note, the Sarah has side holes and may be used for flush angiography runs, 
though the pigtail catheters result in superior aortograms. After identifying the 
target vessel, the 5F Sarah radial catheter may be replaced over a Bentson wire. 
After positioning the Sarah, a 2.8F microcatheter (Progreat, Terumo) is recom-
mended for bronchial arteries, and a 2.4F catheter (Progreat, Terumo) is recom-
mended for intercostal arteries.

 Bronchial Artery Embolization

A 2.8F microcatheter is preferred for bronchial arteries because large particles 
used in bronchial artery embolization are less likely to become clogged in the 
larger microcatheter. A 0.018-inch Fathom microwire (Boston Scientific, 
Marlborough, MA, USA) is useful for vessel selection. Selective angiography is 
performed within the target bronchial artery, and special care must be taken to 
identify any vascular supply to the spinal cord or other nontarget vessels. Once the 
bronchial artery is selectively catheterized, and the microcatheter is positioned 
sufficiently beyond its origin, embolization may be performed with large particles, 
ideally 300–700 micron, such as Embospheres (Merit). After embolization, fol-
low-up angiography should be performed from the microcatheter to assess vessel 
occlusion.

 Sample Setup

• 110 cm 5F Sarah radial catheter
• 280 cm and 150 cm Bentson wires
• 4-5F 100 cm pigtail flush catheter
• 150 cm 2.8F Progreat microcatheter
• 180 cm 0.018-inch Fathom microwire
• 300–700 micron particles
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 Intercostal Artery Embolization

The same general technique as above is utilized, though in the case of an intercostal 
artery bleed, subselection with a 2.4F 150 cm microcatheter such as a Progreat is rec-
ommended. The smaller 2.4F microcatheter is recommended because liquid embolics 
or coils will likely be used. At our institution, 3:1 lipiodol/nBCA glue is the most fre-
quently utilized embolic for intercostal artery bleeds. If this is planned, special care 
must be taken to optimize both base catheter and microcatheter positioning in order to 
minimize the risk of glue embolization into the abdominal aorta. Of the available 
microcoils, detachable coils are preferred, such as Concerto (Medtronic, Minneapolis, 
MN, USA). A glue-embolization of an intercostal artery bleed is seen in Fig. 18.1.

 Sample Setup

• 110 cm 5F Sarah radial catheter
• 280 cm and 150 cm Bentson wires
• 4-5F 100 cm pigtail flush catheter
• 150 cm 2.4F Progreat microcatheter
• 180 cm 0.018-inch Fathom microwire
• n-Butyl cyanoacrylate glue/lipiodol
• Concerto detachable coils

 When in Doubt

Do not be afraid to prep the groin and plan for common femoral artery access when 
attempting embolization of a thoracic artery, especially in cases in which the tho-
racic aorta is tortuous. A CTA in these cases is very helpful to localize the bleed or 

aa bb cc

Fig. 18.1 70-year-old male with bleeding after percutaneous biliary drain removal. (a) CTA dem-
onstrated arterial extravasation in right upper quadrant, suspected intercostal artery source. (b) 
Selective catheterization and angiography of the right tenth intercostal artery demonstrates active 
extravasation of contrast. Embolization was performed using 3:1 lipiodol/nBCA glue. (c) Post- 
embolization angiogram performed from the base catheter demonstrates a glue cast in the distal 
portion of the right tenth intercostal artery and absence of extravasation
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at least a suspicious hypertrophied bronchial artery. Interestingly, a 5F Sarah radial 
catheter is also quite useful when introduced via femoral approach and is often the 
first choice for cannulating intercostal and bronchial arteries at our institution.

 Abdomen

As with thoracic hemorrhage, there is a common transradial setup used for most 
forms of arterial hemorrhage in the abdomen. Most vessels in the abdomen can be 
easily reached with a Sarah radial base catheter and a 150 cm microcatheter. This 
combination is employed for bleeding vessels in the liver, spleen, kidney, and gastro-
intestinal (GI) tract, similar to the way in which the same reverse curve catheter may 
be used to for each of these regions when approaching from the groin. Hemorrhagic 
masses (most frequently ruptured HCC) can be treated from a transradial approach 
with the same general technique employed in hepatic oncologic embolizations, 
exchanging the chemo−/radio-therapeutic agent for a conventional embolic such as 
particles or nBCA. As with thoracic arterial interventions, abdominal embolizations 
performed from the radial artery vary in difficulty according to the tortuosity of the 
aorta, and pre-procedure imaging of the chest should always be reviewed if available.

 Gastrointestinal Tract Hemorrhage

GI bleeding is one of the most frequently encountered indications for emergent 
embolization. Only arterial sources of GI hemorrhage may be selectively embolized 
in IR. For this reason, pre-procedure CTA is essential to confirm an arterial source, 
determine the offending vascular territory, and potentially discover the underlying 
etiology. Of special concern is bleeding from a fresh surgical anastomosis, as embo-
lization of these already hypovascular regions appears to increase the risk of anas-
tomotic failure [6]. If a patient with anastomotic bleeding is too unstable for 
conventional surgery, the patient and surgical team must be briefed on the increased 
risk of perianastomotic necrosis and anastomotic failure after an embolization.

The celiac artery and both the superior and inferior mesenteric arteries (SMA and 
IMA) are all easily accessible from a transradial approach using a 110 cm 5F Sarah 
radial catheter and 150 cm Bentson wire. In tall patients, the SMA and IMA may be 
cannulated using a 125 cm catheter such as the 4F Tempo Aqua VER (Cordis, Santa 
Clara, CA, USA). A 125 cm FH3 catheter (Merit) is helpful for cannulation of the 
left gastric artery (LGA) or the inferior phrenic arteries because of its sharp distal 
turn. If LGA access is required and a catheter with an abrupt 90-degree distal turn is 
not available, a transfemoral approach using a reverse curve catheter should be con-
sidered as the LGA can otherwise be difficult to cannulate from above.

In most cases, the abdominal aorta is accessed using a Sarah radial catheter and 
a 150  cm Bentson wire as usual, and digital subtraction angiography (DSA) is 
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performed from the proximal celiac artery or SMA.  The same injection rate for 
DSA may be used in the celiac and the SMA, 5 ml/s for a 25 ml total volume. 
Special care must be taken to include the entire vascular territory in the angiogram 
whenever possible. Keep in mind: review of raw angiographic images (without digi-
tal subtraction) can be useful to identify bleeding vessels in the presence of bowel 
peristalsis. Subselective catheterization may then be performed using a 2.4F 150 cm 
microcatheter such as a Progreat along with an 0.018-inch 180 cm microwire such 
as the Fathom. Successive runs of DSA are then performed through the microcath-
eter in order to identify and cannulate a target hemorrhagic vessel.

In forming a plan for embolization, consider the collateral vascular supply to the 
area in question. For example, if bleeding into the duodenum is identified in a 
branch of the gastroduodenal artery (GDA), it is reasonable to perform coil emboli-
zation of the GDA, as there is generally robust collateral supply to ensure perfusion 
of the duodenum even without the GDA. Conversely, if a tertiary branch of the right 
colic artery is found to be bleeding, special care must be taken to embolize from the 
most distal position possible and with a minimum of embolic, so as to preserve the 
colon’s tenuous collateral blood supply [7].

At our institution, nBCA glue is the generally preferred embolic, and the above- 
described method is recommended using 0.2 ml or smaller aliquots. Detachable or 
pushable microcoils such as Concerto may also be used with precision, but should 
be avoided in patients without a functional clotting cascade. Gelfoam is discour-
aged, as there is often less accuracy in its administration, and recanalization is pos-
sible. A sample coil embolization of a cecal arterial bleed is shown in Fig. 18.2.

 Sample Setup

• 110 cm 5F Sarah radial catheter
• 150 cm Bentson wire
• 150 cm 2.4F Progreat microcatheter
• 180 cm 0.018-inch Fathom microwire

a b c

Fig. 18.2 85-year-old male with GI tract hemorrhage. (a) CTA demonstrated an arterial bleed in 
the cecum. (b) SMA angiogram performed from left radial approach revealed a small bleeding 
pseudoaneurysm in the cecum. (c) Hemostasis was achieved after superselective angiogram, vessel 
selection, and deployment of a single 4 × 3.7 mm pushable coil
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• n-Butyl cyanoacrylate glue/lipiodol
• Concerto detachable coils

 Stent-Assisted Embolization

In patients with bleeding from a truncated short vessel, such as in the case of a GDA 
stump rupture after a Whipple procedure, without a stent to provide a backwall for 
coil placement, embolization of such a very short vessel can be quite difficult. In 
this situation, stent-assisted coiling can be performed from a transradial approach 
(Fig. 18.3). A 6F system will be used in order to deliver the stent. A 6F radial sheath 
is used (Terumo), followed by a 6F guide catheter such as a 6F 100 cm JR-4 runway 

a

d e f

b c

Fig. 18.3 72-year-old male post op day 6 after Whipple surgery for cholangiocarcinoma present-
ing with abdominal pain and clinical concern for bleeding. (a) CT angiogram demonstrated active 
bleeding (not shown) from the GDA. (b) A bare metal stent (blue arrows) was deployed across the 
GDA origin. A microcatheter (black arrow) was inserted between the interstices of the stent, while 
a safety microwire (green arrow) was left within the stent lumen. (c) After coil deployment into the 
GDA stump, an angiogram was performed from the common hepatic artery revealing patency of the 
proper hepatic artery and stent and occlusion of the GDA stump. (d) After 24 hours, the patient 
continued to bleed, and angiography was repeated demonstrating a small blister pseudoaneurysm 
originating from the stented portion of the common hepatic artery (black arrow). (e) A 0.1 ml ali-
quot of 3:1 lipiodol/nBCA glue was used for stent-assisted glue embolization (black arrow) using 
the same approach as previously utilized. (f) Final angiogram demonstrated occlusion of the blister 
pseudoaneurysm with radiopaque glue/lipiodol mixture. No further bleeding was seen in this patient
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(Boston Scientific). Because a 6F catheter may approximate the diameter of the 
radial artery, a 3-way hemostasis valve such as the Guardian II (Teleflex, Wayne, 
PA, USA) and a pressure bag containing saline (with or without added heparin 
depending on the severity of the patient’s hemorrhage) should be attached to ensure 
adequate flow through the catheter as it is advanced over a Bentson wire and up the 
radial artery. This same Bentson wire and 6F guide catheter may be used to cannu-
late the abdominal aorta and subsequently the Celiac artery. An atraumatic 0.014- 
inch microwire sufficient for delivery of a stent such as a 180  cm Balanced 
Middleweight Wire (BMW, Abbott, Chicago, IL, USA) or Stabilizer wire (Cordis) 
can then be used to target the vessel for stent deployment.

Herculink balloon-expandable bare-metal stents are most commonly used in our 
institution (Abbott), and range from 4 to 7 mm in diameter, though slightly larger 
diameters are achievable with balloon dilatation. After the stent is positioned across 
the target vessel, angiography may be performed as needed through the 3-way 
hemostatic valve to achieve ideal deployment. After deployment across the target 
vessel, such as the GDA, a 2.4F or smaller microcatheter is then placed in the stent 
lumen, and a microwire such as a Fathom may be used to advance the microcatheter 
through the interstices of the stent and into the hemorrhagic vessel. Detachable coils 
such as Concertos may then be used to completely occlude the vessel, using the 
stent as a backwall.

 Sample Setup

• 6F radial sheath
• 100 cm 6F JR-4 runway guide catheter
• Guardian II hemostatic valve with pressure bag
• 150 cm Bentson wire
• 180 cm BMW 0.014-inch microwire
• Herculink balloon-expandable stent
• 150 cm 2.4 or 2.0F Progreat microcatheter
• 180 cm 0.018-inch Fathom microwire
• Concerto detachable coils

 Splenic Hemorrhage

Splenic laceration is a feared complication of abdominal trauma and occurs fre-
quently as a result of automotive accidents involving both drivers and pedestrians. 
Interventional radiologists are frequently involved in the treatment of splenic lac-
erations, specifically in patients in whom bleeding is identified from the spleen on 
the initial CT scan, but who are otherwise hemodynamically stable without need for 
emergent exploratory laparotomy.
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The splenic artery is easily accessed using a Sarah radial catheter from the 
radial artery using the previously described techniques. It should be noted, how-
ever, that it is often helpful to perform selective angiography within the splenic 
artery, rather than celiac artery, when evaluating splenic hemorrhage. Rates for 
ideal DSA in this setting are 5 ml/s for 15–20 ml volume. The results of the angio-
gram will dictate the plan for embolization, and can be stratified into the following 
two categories:

 – Diffuse hemorrhage from multiple sites. In this setting, a proximal emboliza-
tion is necessary. The goal of a proximal splenic embolization is to decrease the 
overall blood flow to the spleen, while allowing it to remain perfused via col-
laterals from the short gastric arteries and other collateral pathways. To per-
form a proximal splenic embolization, first identify the branches of the splenic 
artery that directly supply the pancreas, such as the greater pancreatic artery 
and the various short perforators. A 2.4F microcatheter, such as a Progreat, is 
then placed into the splenic artery distal to the dorsal pancreatic artery but 
proximal to the hilar bifurcation and the greater pancreatic artery in order to 
preserve collateral flow. Detachable coils such as Concertos may then be 
deployed to form a scaffold in this location. Pushable coils may then be 
deployed into the scaffold to completely occlude the vessel. A completion 
angiogram should be performed within the splenic artery to confirm vessel 
occlusion, to assess for residual bleeding, and to confirm collateral perfusion of 
the splenic parenchyma.

 – Hemorrhage from 1 to 3 sites. In this setting, a distal embolization is preferred, 
specifically targeting the distal bleeding vessels. The same approach is utilized to 
catheterize the splenic artery as mentioned previously. Next, a 150  cm 2.4F 
microcatheter such as a Progreat should be positioned using a 180 cm 0.018-inch 
microwire (Fathom) into the most distal position possible with respect to the 
bleeding branch vessel. Glue is frequently used in this setting to achieve perma-
nent embolization of a tertiary bleeding vessel (3:1 lipiodol/nBCA, 0.2 ml ali-
quots), though detachable or pushable coils may also be used. A gelfoam slurry 
may be utilized, though this provides a less durable embolic effect. If gelfoam is 
to be used, a 2.8F microcatheter is recommended to reduce chance of clogging. 
As above, a completion angiogram is recommended from the base catheter in the 
splenic artery to confirm successful embolization.

 Sample Setup

• 110 cm 5F Sarah radial catheter
• 150 cm Bentson wire
• 150 cm 2.4F Progreat microcatheter
• 180 cm 0.018-inch Fathom microwire
• Pushable or detachable coils (for proximal or distal embolization)
• n-Butyl cyanoacrylate glue/lipiodol (for distal embolization)
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 Renal Hemorrhage

Renal lacerations are common following trauma and are effectively treated from the 
left radial artery. To simplify, the same approach utilized for distal splenic artery 
embolization may be applied for renal parenchymal hemorrhage. The renal arteries 
are easily catheterized from above using a Sarah radial catheter. A highly specific 
distal embolization must be performed in the setting of a renal laceration to avoid 
damaging healthy renal parenchyma. For this reason, the most common embolics at 
our institution are detachable coils and glue. A sample renal bleed embolization is 
shown in Fig. 18.4.

a

c d

b

Fig. 18.4 46-year-old female with right flank pain and concern for bleeding after undergoing a 
partial nephrectomy for a renal cell carcinoma. (a) CTA demonstrated a 1 cm pseudoaneurysm in 
the resection bed. (b) Right renal angiogram from a transradial approach demonstrated the pseu-
doaneurysm. (c) The right renal artery branch supplying the pseudoaneurysm was selected, and a 
nBCA glue embolization was performed using 0.2-ml aliquots of 3:1 lipiodol/nBCA until the 
pseudoaneurysm was filled. (d) Postembolization angiogram from the base catheter confirms 
absence of flow in the pseudoaneurysm with preserved flow to the remainder of the kidney
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A ruptured angiomyolipoma (AML) represents a specific cause of renal hemor-
rhage related to the rupture of a benign fatty tumor. For ruptured AMLs, renal angi-
ography is performed from the Sarah radial catheter positioned just within the renal 
artery. Care is taken to identify all of the arteries feeding the AML, as incomplete 
embolization may result in recurrence. Selective catheterization is then performed 
using a 150 cm 2.4F microcatheter (Progreat) and a 0.018-inch microwire (Fathom). 
The catheter should be positioned in the feeding vessels such that nontarget embo-
lization of the healthy renal parenchyma is avoided as much as possible. After a 
suitable position has been achieved, embolization is performed using 100–500 
micron particles (Embospheres) or a liquid embolic such as nBCA. The goal of 
either liquid or particle embolization is the embolization of distal vessels; therefore 
a thinner nBCA solution such as 4:1 or 5:1 lipiodol/nBCA may be utilized to 
improve penetration into the tumor. After embolization, the microcatheter is 
removed, and an angiogram is performed from the base catheter to assess for resid-
ual bleeding/perfusion of the mass and the kidney.

 Sample Setup

• 110 cm 5F Sarah radial catheter
• 150 cm Bentson wire
• 150  cm 2.4F Progreat microcatheter (or 2.8F in the case of particle 

embolization)
• 180 cm 0.018-inch Fathom microwire
• n-Butyl cyanoacrylate glue/lipiodol
• 100–500 micron particles

 Pelvis

Of all the sites of hemorrhage discussed herein, transradial treatment of pelvic hem-
orrhage offers the most advantages over transfemoral. As discussed in the chapters 
on prostate and uterine embolizations, the cannulation of the iliac arteries from 
above is much easier from above than from below. Using a simple curved-tip cath-
eter such as the Aqua Tempo VER, the left and right iliac arteries may be alternately 
catheterized in a matter of seconds from transradial approach, rather than necessitat-
ing a lengthy repositioning when performed from either the left or right common 
femoral artery.

Additionally, pelvic binders, placed in the setting of open-book fractures of the 
pelvis, can complicate access of the femoral arteries during intervention. The binder 
must be removed for common femoral artery access, and this can cause further 
hemorrhage and destabilization of the patient’s fracture. Worse, it’s often a bloody 
mess under there depending on the mechanism of injury. In these cases in particular, 
left radial artery access provides a route for embolization without the need to 

D. Kestenbaum and R. Blue



207

compromise the patient, and also has a lower risk of post-procedure access-site 
hemorrhage.

 Traumatic Pelvic Hemorrhage

The left radial artery is accessed as usual, and a 5F radial sheath is placed. A 125 cm 
4F catheter with a curved tip, such as an Aqua Tempo VER, may be used in concert 
with a 150 cm Bentson wire to advance the catheter all the way from the radial 
artery to the common iliac arteries. When performing the initial angiogram in the 
pelvis, the most thorough option is to exchange the catheter over a 260 cm Bentson 
wire for a 100 cm 4 or 5F pigtail catheter and perform a flush aortogram just above 
the bifurcation. This will provide the most comprehensive visualization of any pel-
vic bleeder. Alternatively, if a specific site of hemorrhage is already suggested based 
on CT, angiography may be performed from the common or internal iliac arteries 
via the VER catheter. This is generally sufficient, as almost all sources of pelvic 
hemorrhage in the setting of trauma will arise from an internal iliac artery branch.

When possible, a specific distal bleeding branch should be catheterized using a 
150 cm microcatheter, and embolization should be performed with coils, glue, or 
Gelfoam. If Gelfoam will be used, a 2.8F microcatheter should be employed. 
Otherwise, a 2.4F microcatheter is ideal for deployment of glue and coils. In the 
case of a patient with multiple site of hemorrhage arising from the internal iliac 
artery, or in a hemodynamically unstable patient, embolization of the anterior divi-
sion of the internal iliac artery with gelfoam may be performed from the base cath-
eter without the use of a microcatheter.

 Sample Setup

• 125 cm 4F Aqua Tempo VER catheter
• 150 cm Bentson wire
• 150 cm 2.4F Progreat microcatheter (or 2.8F if gelfoam will be used)
• 180 cm 0.018-inch Fathom microwire
• n-Butyl cyanoacrylate glue, gelfoam slurry, detachable or pushable microcoils

 Post-partum Hemorrhage

Post-partum uterine hemorrhage can be readily treated from a left transradial 
approach using a 4F 125cm catheter such as the Tempo Aqua VER using the same 
general technique as uterine artery embolization in the treatment of uterine fibroids. 
Similar to the cases of pelvic trauma discussed above, multiple sites of hemorrhage 
may be identified, and gelfoam embolization of the anterior division of one or both 
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internal iliac arteries may be helpful to achieve hemostasis quickly. Often, however, 
a specific distal bleeding vessel will be identified, and in this case the vessel should 
be selectively catheterized and embolized with a 2.4F microcatheter using the same 
method above.

 Hematuria

Hematuria from a bleeding prostate or bladder can be treated in a similar fashion 
to a prostate artery embolization for BPH. In both procedures, the 125 cm VER 
catheter is advanced down the descending aorta, and an angiogram is performed 
in the internal iliac arteries. Ideally, a site of bleeding is identified on a pre-proce-
dure CTA. If a specific bleed is identified, a 150 cm 2.4 microcatheter (Progreat) 
is advanced in concert with an 0.018-inch microwire (Fathom) into the target ves-
sel as distally as possible, and selective embolization is performed using nBCA or 
coils. More frequently, however, as in the setting of hemorrhagic cystitis follow-
ing radiation therapy or prostate hemorrhage following transurethral resection of 
the prostate (TURP), the feeding vessels should be empirically embolized with 
large particles from the superior and inferior vesicles arteries (hemorrhagic cysti-
tis) or prostatic arteries (post-TURP hemorrhage), respectively, taking care to 
avoid nontarget embolization. In the setting of hemorrhagic cystitis, a 2.8F micro-
catheter should be used, along with large particles (500–700 micro Embospheres). 
Reduction in flow, rather than complete vessel occlusion, is desired. The same 
techniques used for transradial embolization of BPH may be utilized to treat pros-
tate artery hemorrhage.

 Sample Setup

• 125 cm 4F Aqua Tempo VER catheter
• 150 cm Bentson wire
• 150 cm 2.4F Progreat microcatheter (or 2.8F if gelfoam will be used)
• 180 cm 0.018-inch Fathom microwire
• n-Butyl cyanoacrylate glue, particles, or detachable microcoils

Tips
 1. Review chest imaging pre-procedure to evaluate aortic tortuosity.
 2. CTA is always helpful, but is specifically NOT required for post-partum hemor-

rhage or pelvic fractures with hemorrhage on conventional CT.
 3. Consider using a permanent liquid embolic in coagulopathic patients (cirrhosis, 

DIC, etc.).
 4. Transradial approach is generally safe even for coagulopathic patients.
 5. In pelvic trauma patients in a pelvic binder, transradial access is almost always 

superior to transfemoral.
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Chapter 19
Transulnar Arterial Access

Daryl Goldman, Jun Yeop Lee, and Mona Ranade

Abbreviations

RA Radial artery
TFA Transfemoral arterial access
TRA Transradial arterial access
TUA Transulnar arterial access
UA Ulnar artery

 Introduction/Background

While the radial artery is increasingly becoming a more preferred access site for 
coronary and peripheral interventions, there are several relative contraindications 
including radial artery anatomical variations, tortuosity, and small radial artery cali-
ber [1]. Ulnar artery access is a favorable alternative technique for percutaneous 
image-guided procedures when radial access is contraindicated, or the radial artery 
must be preserved. Transulnar approach for percutaneous coronary procedures was 
first performed by Terashima et al. on patients originally determined to have inad-
equate ulnar blood supply to perform transradial access (TRA) [2]. Since then, sev-
eral studies have utilized transulnar access (TUA) as an alternative to both 
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transfemoral access (TFA) and TRA reporting similar safety and efficacy of TUA 
and TRA [1–15].

The safety and efficacy of TUA has primarily been reported for coronary inter-
ventions. Multiple randomized controlled trials and single-center studies have 
shown that interventions via TUA achieves similar rates of success when compared 
to TRA, and with comparable rates of complications. When performed by the expe-
rienced operator, rates of complications of TUA, including major adverse cardiac 
events, such as MI, vessel revascularizations, stroke and mortality, and access site 
complications, such as hematoma, arterial stenosis or occlusion, pseudoaneurysm, 
and ulnar nerve injury, were similar to those of TRA, if not better [3, 5, 7, 11]. 
Additionally, TRA and TUA have similar operation-related parameters, including 
total procedure time and fluoroscopy time [7]. While limited, various studies have 
also utilized TUA for peripheral and visceral interventions and have reported simi-
lar success rates [12, 13]. Despite data suggesting feasibility and safety of TUA as 
a possible alternative to TRA, TUA is still rarely performed for coronary, periph-
eral, and visceral interventions.

 Patient Selection

Patient selection is an important consideration for TUA (Table  19.1). In general 
selection criteria are often similar for TUA and TRA [6]. Ulnar access is often per-
formed when patients are contraindicated for radial access; such conditions include 
small radial artery size, excessive tortuosity of the radial artery, variant radial artery 
anatomy including radial loop, past radial artery occlusion, and type D Barbeau test 
result. While presence of a type D Barbeau waveform indicates suboptimal anat-
omy, several studies suggest that TUA is still safe and feasible [8]. Prior to selecting 
patients for TUA, collateral flow to the hand and patency of ulnopalmar arch should 
be tested via both Barbeau and reverse Barbeau test, and sonographic evaluation of 
the anatomy and sizes of the forearm arteries must be performed.

Table 19.1 Relative indications and contraindications to TUA

Indications for TUA consideration Relative contraindications

Barbeau D waveform Ulnar artery <2 mm
Radial artery loop/tortuosity/anatomical variations Aortic arch 

atherothrombosis/
calcification

ESRD and potential for future HD access, functional upper 
extremity HD access involving the radial artery, potential for 
future CABG

Radial artery occlusion

Radial artery <2 mm Ulnar artery vasospasm
Severe radial artery vasospasm Operator inexperience
Past radial artery occlusion Ulnar artery anatomical 

variations (rare)
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The ulnar artery is often reported to be similar in size to the radial artery, although 
it is located relatively deeper and is less compressible than the radial artery. 
Additionally, the ulnar nerve and ulnar vein lie adjacent to the ulnar artery, and 
trauma to these structures during arterial access should be avoided [9]. Given the 
ulnar artery’s deeper course in the wrist and proximity of the ulnar nerve, transulnar 
access may be technically more difficult. Various studies have reported higher cross-
over rates to TFA during TUA than TRA, primarily when operators were inexperi-
enced with ulnar access [7]. Likewise, rates of vasospasm, time to access the artery, 
and total procedure time were all increased for TUA when performed under inexpe-
rienced operators [10, 11]. However, these same studies reported that such differ-
ences disappear once the operator is familiarized with the ulnar artery, with as little 
as 50 attempts sufficient to bring down the rate of complications to that of TRA [7].

The most significant complication of ulnar access is access site bleeding. In our 
experience, access site related bleeding can be occult and if not noticed early, can lead 
to compartment syndrome. The ulnar artery is deeper in the wrist and may not be posi-
tioned directly on top of the underlying bone; the artery thus frequently rolls when 
gaining access. Positioning the artery in its most stable position, typically pinning it 
against the ulna, is important to achieve post procedure hemostasis. Accessing the 
artery closer to the wrist is advised as compared to radial artery access where it can be 
safely accessed further up the forearm if necessary. If there is concern for hematoma 
and other access site bleeding at the end of the procedure, two TR bands should be 
placed – one directly over the ulnar access site, and the other proximal to it with half 
the amount of air (Fig. 19.3). This applies non- occlusive pressure on the access site and 
allows for reduced blood flow through the artery. The ipsilateral radial artery may also 
be compressed to enhance the ulnar flow [8]. Upon removal of the TR band(s), patients 
must be thoroughly evaluated for access site complications and presence of pulses [12].

 Ulnar Artery Access Technique (Figs. 19.1 and 19.2)

 1. Evaluate the ulnar artery patency using ultrasound.
 2. Perform a reversed Allen test (Barbeau test) with ulnar compression to confirm 

patency of the ulnopalmar arch using pulse oximetry.

Table 19.2 Ulnar access sheaths

Device name Manufacturer

Flexor Radial Introducer Cook Medical, Inc (Bloomington, IN)
RadialSource, Avanti Cordis (Bridgewater Township, NJ)
PreludeEASE Merit Medical Systems, Inc (South Jordan, UT)
Adelante Radial Oscor, Inc (Palm Harbor, FL)
Engage TR St Jude Medical, Inc (St Paul, MN)
Glidesheath, Glidesheath Slender Terumo Interventional Systems (Vaughan, Ontario)
VSI Radial Vascular Solutions, Inc (Minneapolis, MD)
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 3. Position the left wrist to the side of the patient, supinated and dorsiflexed. Place 
a rolled towel underneath the wrist for support. Secure the hand in this position 
to the arm board with tape (Fig. 19.1).

 4. Prep and drape in the normal sterile fashion.
 5. Identify the access site with ultrasound visualization. The ulnar artery should be 

accessed over the ulnar styloid (Fig. 19.2).
 6. Perform single-wall ulnar artery micropuncture under real-time ultrasound 

visualization.
 7. Perform Seldinger technique with a 21-gauge micropuncture needle and 

0.018 wire.
 8. NOTE: Be mindful of adjacent ulnar nerve (lateral to medial approach).
 9. Exchange needle for a micropuncture sheath.
 10. 5F hydrophilic Glidesheath over a 0.035 wire without creating a skin incision.
 11. Administer the “anti-spasmodic cocktail” through the sheath.

 (a) 3000 U heparin, 200mcg nitroglycerin, 2.5 mg of verapamil.

 12. NOTE: Hemodilute the cocktail and inject slowly to reduce burning sensation.

 Ulnar Artery Closure Technique: (Fig. 19.3)

 1. Perform ulnar artery closure while maintaining patent hemostasis in order to 
reduce the rate of ulnar artery occlusion.

 2. Insufflate the TR Band with 15-18 cc of air (versus <15 cc for TRA).
 3. Continue patent hemostasis for a longer time period (120–180  minutes vs. 

90 minutes for TRA access).

Fig. 19.1 Ulnar artery access patient positioning
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Fig. 19.2 Arterial anatomy of the forearm
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 Authors Equipment List (Tables 19.2 and 19.3)

 Transulnar Arterial Cases

 Case 1

Renal Arteriovenous Fistula Embolization with n-BCA Liquid Embolic Agent
60 M with history of end-stage-renal-disease status post renal transplant, presenting 
1-week post biopsy of renal transplant with elevating creatinine and Doppler ultra-
sound demonstrating evidence of renal transplant arteriovenous fistula (AVF). 
Patient had a left radiocephalic dialysis fistula and the decision was made to access 
the left ulnar artery.

Procedure
 1. Obtain ulnar artery access as described earlier in this chapter (21-guage/4Fr 

Micropuncture Introducer Set, 4Fr 10-cm Glidesheath Slender (Terumo)) (Fig. 
A and B).

 2. Administer the antispasmodic cocktail as described earlier in this chapter.
 3. Navigate through the arm and into the right external iliac artery with a 

0.035  ×  150  cm Bentson Guidewire (AngioDynamics) and a 4Fr  ×  125  cm 
Tempo Aqua Vert Diagnostic Catheter (Cordis). Perform a diagnostic  angiogram. 
Findings: Patent right main transplant renal artery arising from the right external 
iliac artery (Fig. C).

 4. Select and catheterize the right main transplant renal artery and perform a DSA 
angiogram (Fig. D). Findings:

Fig. 19.3 Ulnar artery access closure

Table 19.3 Arterial compression devices

Device name Manufacturer

HemoBand Hemoband Corporation (Portland, OR)
TR Band Terumo Interventional Systems (Vaughan, 

Ontario)
Zephyr-Dual Model 9200 Vascular Compression 
Device

Advanced Vascular Dynamics (Latham, NY)

Zephyr-Dual Vascular Compression Device Advanced Vascular Dynamics (Latham, NY)

D. Goldman et al.
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 (a) Transplant renal angiogram demonstrates focal irregularity of the renal arte-
rial branch at the interpolar region near the hilum. There is early filling of a 
draining renal vein in this region and global decreased perfusion of the trans-
plant kidney parenchyma. Findings are compatible with patient’s known his-
tory of renal AVF.

 5. Advance a 2.4Fr  ×  130  cm Progreat Microcatheter (Terumo) over a 
0.16in × 180 cm, 25 cm tip Fathom Guidewire (Boston Scientific), and perform 
selective catheterization of the renal transplant distal hilar arterial branch sup-
plying the fistula.

 6. Perform embolization: Inject 0.8 cc of n-BCA liquid embolic agent slowly until 
near stasis is achieved (Fig. E).

 7. Remove the microcatheter and retract the diagnostic catheter to the main renal 
artery, and perform completion angiography (Fig. F and G). Findings:

 (a) Successful occlusion of the AVF and increased perfusion throughout the 
transplant kidney.

 8. Remove the catheter, guidewire, and sheath from the arm, and apply the TR 
Band Radial Artery Compression Device (Terumo) as described earlier in this 
chapter for 120–180 minutes.

a

e f

b c d

g
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 Case 2

Hepatic Chemoembolization
63-year-old with hepatocellular carcinoma. Barbeau waveform D.

Procedure
 1. Obtain ulnar artery access as described earlier in this chapter (21-guage/5Fr 

Micropuncture Introducer Set, 5Fr 10-cm Glidesheath Slender (Terumo) 
(Fig. A).

 2. Administer the antispasmodic cocktail as described earlier in this chapter.
 3. Navigate through the arm and into the descending aorta with a 0.035 × 150 cm 

Bentson Guidewire (AngioDynamics) and a 5Fr  ×  110  cm Sarah Radial 
Diagnostic Catheter (Terumo).

 4. Select the common hepatic artery and perform angiography, which demonstrates 
conventional hepatic anatomy and multiple areas of tumor blush within the right 
hepatic lobe (Fig. B).

 5. Advance a 3Fr × 135  cm Renegade Hi-Flo Microcatheter (Boston Scientific) 
over a 0.16in × 180 cm, 25 cm tip Fathom Guidewire (Boston Scientific), and 
selectively catheterize the vessels feeding the tumors (Fig. C).

 6. Perform embolization with 150 mg Adriamycin mixed with 10 mL of Lipiodol 
followed by 1 vial of 100 LC Bead Embolization Particles (BTG). Diagnostic 
angiogram shows adequate staining of the tumors (Fig. D).

 7. Completion angiography from the right hepatic artery (Fig. E) demonstrates suc-
cessful embolization of the target lesions.

 8. Remove the catheter, guidewire, and sheath from the arm, and apply the TR 
Band Radial Artery Compression Device (Terumo) for 120–180 minutes.

a

d e

b c
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Chapter 20
Distal Transradial Arterial Access

Daryl Goldman, Raghuram Posham, and Mona Ranade

Abbreviations

dTRA Distal transradial arterial access
RA Radial artery
TFA Transfemoral arterial access
TRA Transradial arterial access

 Introduction/Background

Distal transradial artery access (dTRA) in the anatomical snuffbox is a safe and 
feasible alternative for percutaneous image-guided procedures [1–5]. Distal radial 
artery access is performed by accessing the deep radial artery just distal to the 
branch of the superficial palmer arch and just proximal to the artery to the princeps 
pollicis [2, 3]. The radial artery size at the anatomical snuffbox is not significantly 
different than at the wrist, allowing for safe and feasible access at both locations [3]. 
The distal aspect of the radial artery is located superficially and runs along the tra-
pezium and scaphoid bones, theoretically allowing for easier post-procedure hemo-
static control [1, 3, 5] (Fig. 20.1). Due to the superficial location of the distal radial 
artery, dTRA has advantages including fewer puncture site complications, faster 
post- procedural hemostasis, and may be a preferred method for patients as it allows 
for movement at the wrist during post-procedural hemostasis [1–3, 5]. Additionally, 
dTRA may be preferred for patients who are unable to supinate the arm allowing for 
increased intraprocedural comfort for these patients. Importantly, accessing the 
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radial artery distally at the anatomic snuffbox allows for preserved antegrade flow 
to the hand via the superficial palmar arch and has been shown to reduce the inci-
dence of radial artery occlusion and subsequent hand ischemia [1–5].

 Patient Selection

As is the case in any traditional radial access procedure, patient selection for dTRA 
is an important consideration. In most cases, patients that are good candidates for 
TRA are also good candidates for dTRA. In certain cases, dTRA may be preferred 
over TRA; these include patients who are coagulopathic or are unable to discon-
tinue anticoagulation, and patients with limited supination of the arm, as positioning 
for dTRA may be preferable [1–5] (Table 20.1).

Importantly, the anatomical snuffbox contains other important anatomic struc-
tures, including the cephalic vein and superficial branches of radial nerve. As dam-
age to unintended structures can lead to complications, including hematoma, tendon 
damage, irritation of the underlying periosteum, and/or radial nerve injury, care 
must be taken not to damage these structures when accessing the artery. Ultrasound 
guidance should be used to identify landmarks and accurately access the vessel. In 
addition, the Barbeau test is recommended to evaluate for ulnopalmar patency, 
although some studies have doubted the usefulness of the Barbeau test for radial 
procedures [3]. Importantly, Patients with systemic or vascular disease can present 
with unreliably weak radial pulses, and proximal radial artery occlusions can pres-
ent with a distal pulse due to robust palmar collaterals [3].

 Distal Transradial Arterial Access Step-by-Step Technique

 1. Identify the anatomical snuffbox (Fig. 20.1).
 2. Evaluate the distal radial artery patency using ultrasound.
 3. Perform an Allen test (Barbeau test) with distal radial compression to confirm 

patency of the radial palmer arch using pulse oximetry.

Fig. 20.1 Anatomic snuffbox
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 4. Position the patient with the arm by their side at 90° of abduction (thumbs up 
position, Fig. 20.2) or across the body toward the contralateral groin. Secure the 
hand in this position to the arm board with tape.

 5. Prep and drape in the normal sterile fashion.
 6. Identify the access site with ultrasound visualization; identify the metacarpal of 

the thumb and index finger, and then adjust the ultrasound probe, so first the 
trapezium and then the scaphoid is visualized under the artery. Then pick any 
area along the radial artery between the scaphoid and the trapezium, while stay-
ing distal to the superficial branch of the radial artery (Fig. 20.3).

Table 20.1 Relative indications and contraindications to dTRA

Indication for dTRA consideration Relative contraindications

Coagulopathy/unable to discontinue 
anticoagulation

Radial artery <2 mm

Patient preference Aortic arch atherothrombosis/calcification
Inability to supinate arm Radial artery occlusion

Radial artery loop
Barbeau D waveform
ESRD and potential for future HD access, functional 
upper extremity HD access

Fig. 20.2 Anatomic snuffbox; distal transradial arterial access site
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 7. Perform single-wall distal radial artery micropuncture under real-time ultra-
sound visualization.

 8. Perform Seldinger technique with a 21-gauge micropuncture needle and 
0.018 wire.

 9. Exchange needle for a micropuncture sheath.
 10. 5F hydrophilic Glidesheath over a 0.035 wire without creating a skin incision.
 11. Administer the “anti-spasmodic cocktail” through the sheath.

 (a) 3000 U heparin, 200mcg nitroglycerin, 2.5 mg of verapamil.

 12. NOTE: Hemodilute the cocktail and inject slowly to reduce burning sensation.

 Distal Transradial Arterial Closure Technique: (Fig. 20.4)

 1. Perform distal radial artery closure while maintaining patent hemostasis in order 
to reduce the rate of radial artery occlusion.

 2. Apply a Safeguard Radial Compression Device (Merit Medical) to the access site.
 3. Insufflate the Safeguard Radial Compression device until patent hemostasis is 

achieved (approximately 3 cc of air).
 4. Continue patent hemostasis for a minimum of 90 minutes.

 Authors Equipment List (Tables 20.2 and 20.3)

 Distal Transradial Arterial Cases

 Case 1

 Left Shoulder Mass Pre-operative Embolization

79 M with metastatic renal cell carcinoma to the left shoulder with plan to undergo 
surgical resection, requiring presurgical embolization. Barbeau waveform type B.

Fig. 20.3 Arterial anatomy of the anatomic snuffbox. (Printed with permission from ©Mount 
Sinai Health System)
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Procedure
 1. Obtain distal radial access as described earlier in this chapter (21-guage/5Fr 

Micropuncture Introducer Set, 5Fr 10-cm Glidesheath Slender (Terumo)).
 2. Administer the antispasmodic cocktail as described earlier in this chapter.

Fig. 20.4 Distal transradial arterial closure

Table 20.2 Distal radial access sheaths

Device name Manufacturer

Flexor Radial Introducer Cook Medical, Inc (Bloomington, IN)
RadialSource, Avanti Cordis (Bridgewater Township, NJ)
PreludeEASE Merit Medical Systems, Inc (South Jordan, UT)
Adelante Radial Oscor, Inc (Palm Harbor, FL)
Engage TR St Jude Medical, Inc (St Paul, MN)
Glidesheath, Glidesheath Slender Terumo Interventional Systems (Vaughan, 

Ontario)
VSI Radial Vascular Solutions, Inc (Minneapolis, MD)

Table 20.3 Radial arterial compression devices

Device name Manufacturer

VasoStat Forge Medical (Philadelphia, PA)
PreludeSYNC DISTAL Merit Medical Systems, Inc (South Jordan, UT)
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 3. Navigate to the proximal axillary artery with a 0.035  ×  130  cm Bentson 
Guidewire (AngioDynamics) and a 4Fr × 65 cm Berenstein Diagnostic Catheter 
(Cordis).

 4. Perform left upper extremity angiography. Findings:

 (a) Large left shoulder mass with multiple supplying feeders from the left axil-
lary artery, circumflex humeral artery, and circumflex scapular artery.

 5. Exchange the Berenstein catheter for a 4Fr × 65 cm Soft-Vu Diagnostic Cather 
(AngioDynamics), and select the left posterior circumflex artery which is noted 
to supply the anterior aspect of the mass (Fig. A).

 6. Advance a 2.4Fr  ×  130  cm Progreat Microcatheter (Terumo) over a 
0.16in × 180 cm, 25 cm tip Fathom Guidewire (Boston Scientific) to the distal 
left posterior circumflex, and perform superselective angiography, with find-
ings confirming tumor blush of the superior aspect of the mass, with collateral 
supply from circumflex, scapular, acromial, and clavicular artery branches 
(Fig. B).

 7. Perform embolization with 500 um Embozene Microspheres (Boston Scientific). 
Angiographic endpoint: near-stasis (not static, contrast visible for at least 5 
heartbeats). Post embolization angiography confirms significantly decreased 
tumor blush.

 8. Retract the microcatheter and subselect the left circumflex scapular artery, and 
advance the system to the distal aspect of the vessel. Perform superselective 
angiography, demonstrating tumor blush of the inferior aspect of the mass with 
branches from the clavicular and acromial artery (Fig. C).

 9. Perform embolization with 500 um Embozene Microspheres (Boston Scientific). 
Angiographic endpoint: near-stasis (not static, contrast visible for at least 5 
heartbeats). Post embolization angiography confirms significantly decreased 
tumor blush.

 10. Perform completion angiography from the axillary artery. Findings:

 (a) Significantly decreased vascular flow to the left shoulder mass with small 
residual enhancement (Fig. D and E).

 11. Remove the catheter, guidewire, and sheath from the arm, and apply the 
VasoStat hemostatis device (Forge Medical) for 90.. minutes.
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 Case 2

 Pre-radioembolization Mapping

76 M with unresectable HCC with portal vein thrombus, right lobe atrophy, and 
elevated total bilirubin and alpha-fetoprotein. Barbeau waveform type C.

Procedure
 1. Obtain distal radial access as described earlier in this chapter (21-guage/5Fr 

Micropuncture Introducer Set, 5Fr 10-cm Glidesheath Slender (Terumo)) (Fig. 
A and B).

 2. Administer the antispasmodic cocktail as described earlier in this chapter.
 3. Navigate through the arm and into the descending aorta with a 0.035 × 130 cm 

Bentson Guidewire (AngioDynamics) and a 5Fr  ×  110  cm Sarah Radial 
Diagnostic Catheter (Terumo).

 4. Select the celiac artery and perform angiography, which demonstrates tumor blush 
within the left hepatic lobe. Advance the catheter into the common hepatic artery.

 5. Advance a 2.4Fr  ×  130  cm Progreat Microcatheter (Terumo) over a 
0.16in × 180 cm, 25 cm tip Fathom Guidewire (Boston Scientific), and perform 
selective catheterization of the left and right hepatic arteries. Findings:

 (a) Left hepatic artery catheterization: hypervascular tumor blush arising from 
segment 4 branch.

 (b) Right hepatic artery catheterization: no evidence of hypervascular 
tumor blush.

 6. Subselect the segment 4 branch supplying the tumor (Fig. D).
 7. Deliver TC-99 MAA into the segment 4 hepatic artery branch supplying 

the tumor.
 8. Cone Beam CT (CBCT) was performed intraprocedurally to confirm adequate 

delivery of the MAA to the intended segment 4 lesion (Fig. E).
 9. Remove the catheter, guidewire, and sheath from the arm, and apply the VasoStat 

hemostatis device (Forge Medical) for 90.. minutes.
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 Case 3

 Embolization of Left Humerus Metastatic Hepatocellular Carcinoma Mass

68 M with metastatic hepatocellular carcinoma to the left humerus causes patho-
logic fracture. Barbeau waveform type B.

Procedure
 1. Obtain distal radial access as described earlier in this chapter (21-guage/5Fr 

Micropuncture Introducer Set, 5Fr 10-cm Glidesheath Slender (Terumo)).
 2. Administer the antispasmodic cocktail as described earlier in this chapter.
 3. Navigate to the proximal axillary artery with a 0.038in × 180 cm Angled Tip 

Glidewire (Terumo) and 5Fr  ×  65  cm Soft-Vu Diagnostic Catheter 
(AngioDynamics).

 4. Perform left upper extremity angiography from the left axillary artery (Figs. A 
and B). Findings:

 (a) Tumor blush overlying the proximal left humerus at the site of pathologic 
fracture.

 5. Advance a 2.4Fr  ×  130  cm Progreat Microcatheter (Terumo) over a 
0.16in × 180 cm, 25 cm tip Fathom Guidewire (Boston Scientific) into the left 
circumflex humeral artery.

 6. Perform selective angiography from the left circumflex humeral artery (Fig. C). 
Findings:

 (a) Approximately 70% of the tumor vasculature supplied by the left circumflex 
humeral artery.

 7. Perform embolization with 500 um Embozene Microspheres (Boston Scientific). 
Angiographic endpoint: near-stasis (not static, contrast visible for at least 5 
heartbeats) (Fig. D).

 8. Perform completion angiography from the axillary artery (Fig. E). Findings:

 (a) Significantly decreased tumor blush.

 9. Remove the catheter, guidewire, and sheath from the arm, and apply the VasoStat 
hemostatis device (Forge Medical) for 90.. minutes.
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Chapter 21
Transradial Access for Bariatric 
Embolization

Mario A. Cedillo, Kirema Garcia-Reyes, and Aaron M. Fischman

Abbreviations

BAE Bariatric arterial embolization
CBCT Cone-beam computed tomography
CHA Common hepatic artery
DSA Digital subtraction angiography
GEA Gastroepiploic artery
IDE Investigational device exemption
LGA Left gastric artery
SA Splenic artery

 Introduction

Obesity is a major public health concern in the United States with significant mor-
bidity and mortality [1]. In patients who don’t respond to traditional treatments 
(such as diet modification, exercise, behavioral therapy, medications), surgery can 
be considered to treat obesity. Bariatric surgeries such as Roux-en-Y gastric bypass 
and sleeve gastrectomy have proven effective in producing large and sustained 
weight loss but pose significant risks of morbidity and mortality [2]. The weight loss 
from bariatric surgery has been attributed to a decrease in an appetite mediating 
hormone called ghrelin, a 28-amino acid peptide that is produced primarily in the 
gastric fundus [3]. The gastric fundus is supplied predominantly by the left gastric 
artery (LGA) [4]. Bariatric arterial embolization (BAE) is an image-guided therapy 
that delivers targeted embolics to the gastric arteries (usually the LGA) to induce 
localized ischemia and downregulation of the appetite mediated hormone ghrelin 
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[5]. The benefits of BAE have been reported in multiple clinical trials which report 
a favorable safety profile and potential efficacy in treating obesity by suppressing 
ghrelin production, resulting in early weight loss and abdominal fat loss [6–8]. 
Radial access is of particular interest in treating severely obese patients where fem-
oral access may be more technically challenging. Additionally, radial access in mor-
bidly obese patients (BMI  >  40) may have less bleeding and less access site 
complications when compared to femoral access [9]. Although the short-term 
weight loss benefit of BAE appears promising, the long-term benefit remains 
unclear, and continued investigation should be performed in the context of an inves-
tigational device exemption (IDE). This chapter will discuss conventional and vari-
ant gastric vascular anatomy as well as key technical considerations for successful 
transradial BAE.

 Anatomical Considerations

 Visceral Anatomy of the Stomach

The stomach is a muscular and hollow organ made up of five anatomical/histologi-
cal sections: the cardia, fundus, body, antrum, and pylorus. Located to the left and 
superior to the cardia just below the diaphragm is a dome-shaped fundus. The fun-
dus harbors most of the gastric neuroregulatory pathways involved with appetite 
stimulation and satiety. Within the fundus are X/A cells responsible for producing 
75–90% of the body’s ghrelin, the primary appetite stimulating hormone of the 
body [5].

 Conventional Gastric Arterial Anatomy

The celiac trunk arises from the aorta at the level of T12 and gives off three major 
branches including the LGA, splenic artery (SA), and common hepatic artery (CHA) 
(Figs.  21.1 and 21.2). The LGA is the smallest of the three branches and typically 
branches first, supplying the lesser curvature of the stomach (Figs. 21.1 and 21.2). The 
LGA provides the majority of arterial supply to the gastric fundus, with the gastroepi-
ploic artery (GEA) providing additional supply in some patients. The right gastric artery 
arises from the CHA and, like the LGA, supplies the lesser curvature of the stomach 
(Figs. 21.1 and 21.2). The left GEA and short gastric arteries branch from the SA and 
supply the greater curvature of the stomach. The right GEA branches from the gastro-
duodenal artery and also supplies the greater curvature of the stomach (Figs.  21.1 
and 21.2).

M. A. Cedillo et al.



235

 Variant Gastric Arterial Vascular Anatomy

Recognition of anatomical variants is critical to avoid complications such as under-
treatment and nontarget embolization, which may result in gastric mucosal ulcer-
ation, erosion, or gastritis. The morphological variations of the celiac trunk are 

Fig. 21.1 Conventional celiac trunk anatomy. Diagnostic angiogram via a 5 F Sarah radial cath-
eter with the tip at the origin of the celiac axis. The three main branches arising from the celiac 
artery are the left gastric artery (LGA), splenic artery (SA), and common hepatic artery (CHA). 
Additional arteries are the gastroduodenal artery (GDA), right gastric artery (RGA), right hepatic 
artery (RHA), and left hepatic artery (LHA)

Fig. 21.2 Conventional gastric arterial anatomy. Maximum-intensity projection coronal CBCT 
angiogram demonstrates the left gastric artery (LGA) arising from the celiac artery, and the right 
gastric artery (RGA) arising from the common hepatic artery (CHA). The left gastroepiploic artery 
(GEA) arises from the splenic artery (SA), while the right GEA arises from the gastroduodenal 
artery (GDA)
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frequent and can be seen 25–75% of patients [10]. Variant examples include a 
replaced or accessory left hepatic artery arising from LGA, which poses risk of non-
target embolization to the liver (Fig. 21.3). A variant esophageal artery can arise from 
the proximal LGA and would require more distal embolization to avoid esophageal 
artery embolization. Additional variations include a replaced LGA from a right infe-
rior phrenic artery (Fig. 21.4) or LGA arising directly from the aorta (Fig. 21.5).

 Benefits of Transradial Approach in BAE

Although BAE is feasible both from a transradial or transfemoral approach, data 
from coronary intervention literature suggests that a transradial approach results in 
less bleeding and access site complications in morbidly obese patients (BMI > 40) 
[9]. Additionally, transradial approach BAE has been shown to be safe and effica-
cious for visceral interventions in morbidly obese patients with a 100% technical 
success rate and no major complications [11].

a

c

b

Fig. 21.3 Variant gastric arterial anatomy. (a) Maximum-intensity projection coronal CT angio-
gram image demonstrates a replaced left hepatic artery (LHA) arising from LGA (white arrow). 
Additional replaced right hepatic arteries are (RHAs) seen originating from the superior mesen-
teric artery (black arrows). (b) Conventional angiogram reveals an accessory LHA arising from 
LGA (blue arrow), which can be seen coursing along the ligamentum venosum (c) on contrast- 
enhanced axial abdominal CT images (blue arrowhead)
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 Technical Considerations

 General Transradial BAE Technique

While there is no standardized transradial BAE technique to date, multiple clinical 
trials have reported successful transradial BAE techniques [6, 7, 12, 13], as detailed 
in Table 21.1. The basic steps of the procedure include radial access, cannulation of 
the celiac trunk, angiographic imaging of downstream branches, cannulation of the 

Fig. 21.4 Coronal CT angiogram demonstrates a replaced LGA (red arrow) arising from the right 
phrenic artery (black arrow)

a b

Fig. 21.5 Axial CT (a) and conventional angiography (b) demonstrate a replaced LGA arising 
directly from the aorta (blue arrow)
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LGA with a microcatheter, embolization of LGA, and confirmation of flow cessa-
tion (Fig. 21.6).

 Catheter Selection

After obtaining radial access via Seldinger technique, a 5 F Sarah radial catheter 
(Merit Medical) or Ultimate radial catheter (Terumo Medical, Tokyo, Japan) may be 
used to select the celiac artery. Careful attention should be made to the acute angle 
of the origin of LGA when using the radial guide catheter. Newer diagnostic cath-
eters, such as the 5 F FH-3 catheter (Merit Medical), have been developed to more 
readily catheterize LGA from a transradial approach. A high-flow microcatheter is 
then used to select more distal vasculature followed by injection of embolic 

Table 21.1 Transradial BAE techniques used in obesity clinical trials

Author 
(reference) Weiss [6, 7] Syed [12] Pirlet [13]

Celiac artery 
access

100 or 110 cm length 5 F 
ultimate radial (merit 
medical) or 5 F Sarah 
(Terumo medical, Tokyo, 
Japan) catheter

4-F or 5-F Simmons 1 
catheter (length not 
reported)

125 cm 5-F right 
Judkins catheter 
(Boston Scientific, 
USA)

Celiac artery 
DSA

Yes Yes Yes

LGA access 2.9 F high-flow 
microcatheter (maestro; 
merit medical)

Coaxial microcatheter 
(size or brand not 
reported)

Same 5F right 
Judkins catheter

Bead size 300–500-μm Embosphere 
microspheres (merit 
medical)

Bead block microspheres 
300–500 μm 
(biocompatibles, Farnham, 
United Kingdom)

300–500 μm 
polyvinyl alcohol 
(PVA) particles 
(cook medical, 
Ireland)

Confirmation of 
stasis

Yes Yes Yes

Intraarterial 
vasodilating 
agents

200 mg of nitroglycerin, 
2.5 mg of verapamil, and 
3000 units injected slowly 
through LGA over 3–5 min

None reported None reported

Additional 
technique

CBCT after celiac artery 
DSA and after LGA 
embolization

Radial access
Cannulation of

celiac trunk

DSA of
downstream

branches

Cannulation of
LGA with

microcatheter

Embolization
of LGA

Confirmation
of flow

cessation

Fig. 21.6 Basic step-by-step diagram of transradial BAE procedure
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particles. Targeted embolization of the GEA can also be considered based on its 
perceived contribution to the fundal blood supply. In the Bariatric Embolization of 
Arteries for the Treatment of Obesity trial, only 20% of patients had just LGA 
embolized while 80% had both LGA and GEA embolized [6, 7]. In cases where 
there is high concern for reflux and concern for nontarget embolization, an antire-
flux microcatheter such as a Surefire Infusion system (Surefire Medical, Westminster, 
Colo) can be considered.

 Intra-arterial Vasodilation

In order to prevent spasm and achieve more distal penetration prior to LGA embo-
lization, a vasodilating cocktail can be administered in the LGA, such as 200 mg of 
nitroglycerin, 2.5 mg of verapamil, and 3000 units of heparin. This injection should 
be performed slowly over the course of 3–5 minutes.

 Bead Size

The optimal bead size for BAE remains unknown. Theoretically, smaller bead sides 
can penetrate more distally but may also have a higher risk of gastric ischemia and 
ulceration. Early animal studies have demonstrated success with smaller distally 
penetrating embolic agents such as sclerosants and 40-um particles [14]. In contrast, 
multiple human clinical trials have used larger 300–500 um size beads with encour-
aging results and a favorable safety profile [6, 7, 12, 13]. Further studies are neces-
sary to determine the ideal bead size for BAE.

 Particle Embolization

To prevent nontarget embolization, careful attention should be made to identify the 
arterial supply to the gastric fundus and potential anatomic variants, which can be 
obtained with celiac digital subtraction angiography (DSA) and cone-beam com-
puted tomography (CBCT) (Artis Zeego; Siemens, Forchheim, Germany). Once 
anatomy is delineated and the LGA or GEA is subselected, delivery of embolic 
particles should be made as distally into the vessel as possible. Injecting the parti-
cles too proximally can lead to nontarget embolization to the stomach antrum. 
Embolization of the chosen vessel should be performed to stasis with a dilute par-
ticle solution, such as a 2 mL vial of embolic particles diluted in 20 cc of contrast 
and 20 cc of normal saline. Repeat CBCT can then be performed to confirm distri-
bution of embolics and to assess for nontarget embolization.
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 Post-procedural Considerations

After the procedure, patients should be closely monitored for complications such as 
nausea, vomiting, and epigastric discomfort. Patients should also be informed of 
potential risk of gastric ulcers which may manifest as transient or postprandial 
abdominal pain. For prevention and treatment of gastric ulcers, a proton pump 
inhibitor such as omeprazole in combination with sucralfate should be given up to 
6 weeks post-procedure. In some cases, upper endoscopy can be considered to mon-
itor ulcers in patients who are at higher risk or severely symptomatic.

 Conclusion

Bariatric artery embolization may serve as a technically feasible and safe option for 
treating obesity, although long-term benefits remain investigational. A transradial 
approach should be considered for morbidly obese patients to reduce the risk of 
bleeding and access site complications. A clear understanding of gastric vascular 
anatomy and potential variants is critical in preventing nontarget embolization and 
undertreatment. Mapping of the vasculature supplying the gastric fundus is critical 
and can be achieved from the left gastric artery with the use of digital subtraction 
angiography or cone-beam computed tomography.
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