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ABSTRACT
A trans radial approach (TRA) is increasingly being used worldwide in both elective and emergency 
procedures of cardiac catheterization and percutaneous coronary intervention (PCI). Several factors 
contribute to explain this trend, including patient comfort, early mobilization, and a significant reduction 
in hospital stay. When compared to the transfemoral approach, TRA reduced major bleeding and all-
cause mortality. Radial artery spasm (RAS) is still an important limitation of TRA and the main cause of 
cross over to another access like the most traditional one the femoral approach.Transradial access has 
been adopted worldwide and now represents the primary access modality in many countries, with 
increasing use all over the world Despite the increasing use of transradial access and consequential 
reciprocal reduction in femoral access use for coronary angiography and PCI, femoral access remains 
necessary for numerous procedures, many of which require large bore access. This review is tackling new 
modalities in TRA for coronary intervention and how to deal with the complications that willhappen 
during the procedure.
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Introduction 
Gruntzigreported the first successful coronary angioplasty in 1978, and since that time, the femoral 
approach has been the standard vascular access site for percutaneous coronary procedures. The femoral 
artery was large enough to accommodate the large bore catheters that were required, but the combination 
of the large arteriotomy and intense anticoagulation resulted in very high bleeding risk. As an attempt to 
mitigate this risk, Campeau  reported successful coronary angiography via a transradial approach (TRA) 
in 1989, and in 1993, Kiemeneij and Laarman  reported the first coronary stent implantation via TRA 
(1).Procedural and clinical outcomes for patients presenting to the cardiac catheterization laboratory 
depend on obtaining safe and adequate vascular access. In addition to routine diagnostic coronary 
angiography and percutaneous coronary intervention (PCI), arterial access is essential for several other 
procedures, including structural interventions and percutaneous mechanical circulatory support (2).

Transradial access has been adopted worldwide and now represents the primary access modality in 
many countries, with increasing use all over the world Despite the increasing use of transradial access and 
consequential reciprocal reduction in femoral access use for coronary angiography and PCI, femoral 
access remains necessary for numerous procedures, many of which require large bore access .The 
transfemoral approach is the preferred and most commonly used access for transcatheter aortic valve 
replacement (3). Femoral access is used in most cases of mechanical circulatory support, such as in the 
setting of cardiogenic shock, cardiac arrest, or high risk PCI with such devices as intra-aortic balloon 
pump, Impella or venoarterial extracorporeal membrane oxygenation. Additionally, femoral access is 
preferred for some complex coronary interventions, such as coronary chronic total occlusion PCI 
(4).Compared with the femoral access, radial access has been shown to cause fewer complications at the 
vascular access, allow earlier ambulation, offer greater postprocedural comfort for the patient and be cost-
effective. In patients with acute coronary syndrome, it reduces net adverse clinical events, through a 
reduction in major bleeding and all-cause mortality has become the standard approach for coronary 
angiography and PCI (Class I in recent European Guidelines), currently used in the overwhelming 
majority of procedures. Though infrequent, vascular complications still remain: radial artery spasm, 
thrombotic occlusion, hematoma, false aneurysm, arteriovenous fistula, compartment syndrome (5). 

Selection of radial or femoral arterial access:
Radial artery access reduces vascular complications across all patient groups and is now recommended as 
the standard route for PCI. However, there are groups where the benefit is more pronounced. The 
superficial course and small caliber of the radial artery simplifies haemostasis allowing early ambulation 
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and reducing cost making it ideal for patients who cannot tolerate prolonged bed rest, on anticoagulants or 
are undergoing PCI in the day case setting. A mortality benefit for radial access has been shown in 
patients with acute coronary syndrome and ST elevation myocardial infarction in both large randomized 
controlled trials and meta-analysis making this a strong indication for radial PCI. However, there remain 
procedural reasons when femoral access is required (large-bore access for transcatheter aortic valve 
intervention (TAVI), mechanical circulatory support or complex coronary interventional procedures), and 
in a small proportion of patients unfavorable radial approach anatomy results in cross-over to femoral 
access. For this reason, interventional cardiologists must be familiar with best practice for both access 
sites(6).
Radial Artery Access:

The radial artery commences at the bifurcation of the brachial artery, just below the bend of the 
elbow, and passes along the radial side of the forearm to the wrist (Figure I). It then winds backwards, 
around the lateral side of the carpus, beneath the tendons of the abductor pollicis longus and extensores 
pollicis longus and brevis muscles (anatomical snuffbox) - this is the site of distal transradial approach  to 
the upper end of the space between the metacarpal bones of the thumb and index finger (dorsum of hand) 
(Figure II). Finally, it passes forward between the two heads of the first interosseous dorsalis muscle, 
into the palm of the hand, where it crosses the metacarpal bones and at the ulnar side of the hand unites 
with the deep palmar branch of the ulnar artery to form the deep palmar arch. The radial artery therefore 
consists of three portions, one in the forearm, a second at the back of the wrist, and a third in the hand (5).

Figure I: Arterial vascularization of the hand

Figure II : Location of Radial Artery
The right radial approach is most commonly used because the left radial approach is less 

comfortable for the operator especially if he has a small stature or suffers from back problems and the 
patient especially the obese patient . The right arm is placed alongside the body in a supine position 
supported by a dedicated arm board. Contralateral venous access should be obtained in case of vasovagal 
reaction requiring resuscitation and to allow administration of analgesia or sedation. The right groin 
should also be prepared in high-risk cases to facilitate rapid central venous and femoral arterial access if 
needed(7). The left radial is a feasible alternative and is preferred if there is a requirement to image a left 
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internal mammary artery (LIMA) graft or if the right radial pulse is absent. Catheter orientation from the 
left radial approach more closely approximates that of the femoral approach and the operator is three 
times less likely to encounter subclavian tortuosity This may account for evidence that the left radial route 
is associated with lower fluoroscopy time in elderly patients or with operators in training (8).

Routine preprocedural sedation is administered by 58% of operators. The radial artery has a 
muscular wall with numerous α-adrenergic receptors that make it prone to developing intense spasm. A 
randomised controlled trial of 2013 patients showed lower rates of spasm and femoral cross-over after 
fentanyl and midazolam , so while not used universally it remains a useful adjunct in patients with high 
adrenergic states such as those with acute myocardial infarction or heightened anxiety(9). It is no longer 
considered necessary to perform an Allen’s test to determine the patency of the ulnar-palmar arch prior to 
radial access and relying on this will likely exclude a significant number of patients who would benefit 
from radial access unnecessarily. Multiple studies have used radial access in patients with an abnormal 
Allen’s test and none developed any clinical or subclinical consequences. Ischaemic complications have 
been described in patients with connective tissue disease and severe Raynaud’s disease, but are very rare 
and in these patients the balance of risk with the reduction in vascular complications should be considered 
when choosing access (10).
Radial Artery access Technique:

The radial artery is usually accessed 2cm proximal to the styloid process (figure III). A small 
amount (1–2 mL) of local anaesthetic is administered initially at the puncture site to avoid distorting the 
anatomy. A short micropuncture needle ( Figure IV) is then advanced on a shallow trajectory until the 
anterior wall of the artery is punctured. A small calibre guidewire is then advanced through the needle 
with a rotating motion to avoid small side branches. At this point, the entry site can be further infiltrated 
with local anaesthetic and a skin nick made while the micropuncture needle is in situ to prevent 
unpredicted damage to the guidewire. The micropuncture needle is removed, and the sheath is inserted 
over the guidewire . An alternative technique (figure V) is to transfix the radial artery with a ‘through and 
through’ puncture. This is usually performed with a catheter over needle system. Here, the needle is 
advanced through both the anterior and posterior wall of the artery. The needle is withdrawn, and the 
catheter pulled back slowly until arterial flow is seen. At this point, the guidewire is inserted. In a 
randomised trial of these two techniques in 412 patients, there was no difference in access site 
complications but the ‘through and through’ technique was associated with faster access and fewer 
attempts required(11).
The radial artery is usually easy to palpate so ultrasound guidance is uncommon. However, a prospective 
randomised controlled trial of 698 patients has shown that routine use of ultrasound guided puncture 
almost decresed  the average number of cannulation attempts required from 3.1 to 1.7 and subsequent 
decrease of the incidence of Spasm (12).

F
Figure III : Radial artery access technique : A- giving Local anathesia , B - puncture and guide wire 
insertion , C- sheath introduction , D- sheath flushed , E- Trans Radial band , F- band in position for 

hemostasis .
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Figure IV : getting the arterial puncture from hitting the anterior wall of the artery .

Figure V: A: hitting the anterior wall of the artery ,B: transfixing the posterior wall ,C : withdraw the 
needle and then slowly pull back the canula till gitting free flow

Trans radial approach (TRA): wire and catheter selection
Navigation of Radial aertery (RA) , Brachial Artery, and Aorto-Subclavian Artery Tortuosity 

Variations in RA and aorto-subclavian anatomy may pose a challenge to wire navigation and catheter 
manipulation during TRA angiography and PCI and increase procedural time. Navigating these variations 
in a timely manner is of the essence, particularly in the time sensitive STEMI setting. Use of a 1.5-mm-
radius J-tip 0.035-in wire has multiple advantages over angle-tip hydrophilic 0.035-in wires, including 
minimized vessel wall contact and associated trauma and spasm, preferential following of the path of 
larger vessels, and avoidance of smaller branches. This allows navigation in the majority of cases without 
fluoroscopy. If Failed , a 0.014-in coronary wire may be used under fluoroscopic guidance with a 
subsequent exchange for a 0.035-in J wire (Figure VI). RA loops may straighten with wire exchange or 
by gently pulling back the catheter with counterclockwise torque. Attempts to straighten a 360° loop, 
however, may be difficult  and often are associated with patient discomfort and greater radiation exposure 
and contrast volume(13).

Occasionally, guide catheters may meet resistance when the leading edge catches tortuous 
arterial segments. This obstacle can be overcome with either the balloon-assisted tracking or the catheter-
assisted tracking technique (FigureVII). The principle of both techniques involves telescoping a smaller-
caliber device through the guide to smooth the transition between the wire and guide catheter. With 
balloon-assisted tracking, an inflated coronary balloon (ie, 2.0×15 mm for 6F guides) is positioned with 
several millimeters of the inflated balloon protruding outside the guide catheter tip. The unit is advanced 
together over a 0.014-in wire until the point of obstruction is passed (14)

figure VI : A-Radial artery angiography reveal 360 degree loop ,B-0.014-in coronary wire cross the loop 
, c- straightening of Radial Loop .
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Figure VII : 1- shows bench side balloon assisted Tracking(BAT )  , 2- A: Radial artery angiography 
show multiple kinks in small calibre artery with anomoulus origin from Axillary artery  , B : BAT for 

negotiation of kinks
Catheter selection:

Although a multiple catheter strategy using Judkins-shaped catheters is preferred among the 
majority of operators (Judkins right 4.0 for the right coronary artery, Judkins left 3.5 for the left coronary 
artery if right radial approach , Judkins left 4.0 for the left coronary artery if left radial approach ) 
,dedicated TRA catheters (eg, Kimny, Tiger, Jacky ) allow a single catheter to be used to engage either 
coronary ostium. It is uncertain ( Figure VIII) & (figure IX) , however, if, with experience, a single-
catheter strategy to diagnostic coronary angiography is a time-saving measure in the setting of ACS(15).

Figure VIII : Catheters for the left coronary system engagement throught TR approach

1
2
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Figure  IX : Catheters for the right coronary system engagement throught TR approach .

Radial Access complications:

Transradial complications can be categorized based on whether they occur during (intraprocedural) 
or after (postprocedural) the procedure, as well as classified as bleeding vs nonbleeding Figure (X): (16)

Figure X : Radial access complications classification algorithm, AV: arteriovenous fistula
Management of Radial access complications:

Vascular complications during radial access are rare and with early recognition and prompt 
management clinically significant sequelae can be avoided  (table I) . Dissection can occur from 
guidewire trauma or advancement of an over sized sheath or catheter in a small calibre artery. As these 
are retrograde to arterial flow they are usually self-limiting and require no specific treatment apart from 
careful observation. However, as they are usually accompanied by intense spasm . they may require 
change to an alternative access. More significant arterial trauma can lead to vessel perforation (Figure 
XI), usually due to forceful  advancement of a guidewire into a small side branch or radial anomaly (17).
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How to prevent Radial artery occlusion after the procedure?

Radial artery occlusion one of the common non serious complication after coronary intervention 
through Trans Radial approach and there are some measures to prevent it (TableII)   (18)

Figure XI : Radial artery perforation as noted in A and B ; retained dye after radial angiogram

Limitations of Radial Access
The radial artery is usually between 2 and 3 mm in diameter and is generally larger in men than 

in women. This has the potential to limit the ability to perform complex intervention requiring larger bore 
(>6F) guiding catheters. Saito et al found in 260 patients that the radial artery diameter was smaller than 
the outer diameter of a standard 7F sheath (Terumo, Japan) (2.95 mm) in 29% of males and 60% of 
females.  If a 7F guide catheter is required, one option is to use 7F Glide sheath (Terumo) which can 
accommodate a 7F guiding catheter but has an outer diameter of 2.79 mm (equivalent to a standard 6F 
sheath).Another is a 7F Sheathless guide catheter (SheathlessEaucath; Asahi Intecc, Japan), and these 
have an outer diameter of 2.49 mm and have been used to successfully complete complex interventions 
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including crush stent bifurcations and rotational atherectomy .Finally, the Railway system (Cordis, a 
Cardinal Health company) consists of dedicated introduction and exchange inserts that allow 
conventional 7F guides to be used without a sheath(19).

Conclusion: 
Trans radial approach (TRA) for coronary intervention is a new modality with high 

recommendation in ESC guidelines to be the first choice in dealing with cases of ST elevation myocardial 
infarction provided Prescence of experienced operators .TRA decreases significantly all over mortality 
and peri operative complications such as bleeding and provide early ambulation for the patients .adopting 
TRA in every cath lab is very crucial and take some time to gain experience .  
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