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Historical Perspective of Trans-radial 

angiography

 1948: First attempted transradial coronary angiogram using 

radial cut-down

 8-10 F catheters: too big for the radial artery!

 1989: Campeau reported first 100 cases of percutaneous

transradial coronary angiogram

 1993: First transradial coronary angioplasty with stent 

implantation performed - Dr. Kiemeneij (Amsterdam, Netherlands)

 Performed using 6F guide catheter



TRANS FEMORAL ROUTE

 Gold standard

 Easy to perform

 Less radiation

 Fluoroscopy  time is less



Femoral Complications

 Hematoma (2.6-6%).

 Retroperitoneal hematoma 

(0.15-0.5%)

 Pseudoaneurysm

(0.1-1.5%)

 AV fistulae (0.2-2.1%)

 Arterial dissection 

(0.01-0.4%).

 Arterial thrombosis(<0.5%).



Doyle et al, JACC Interventions 2008 ; 1: 202-9

Incidence of Major Bleeding Post-PCI (Femoral)

 Mayo clinic PCI database 1994-2005

Use of aggressive

Anti-thrombotic 

And anticoagulant

therapy 



Bleeding/Blood transfusions associated with increase risk 
of mortality, recurrent MI and stroke



 Hence, the need has evolved to develop an

alternative to the femoral technique which is

also patient friendly



Why Not Brachial ?

 An end artery : unforgiving of occlusion

 More mobile

 Compression cumbersome

 Upper extremity needs prolonged 

immobilization & observation 



 Absolute-

 Severe aorto-iliac disease

 Relative-

 Morbid obesity

 Warfarin anti-coagulation

 Severe heart failure

 Backache

Access issues

Homeostasis issues

Inability to lie prone

No such      indications needed 

Trans radial route traditionally recommended for..

• Now trans radial is expanding universally for as 

many patients as possible

• European Society of Cardiology: “Transradial

Access Should Be 1st Choice for Angioplasty”
EuroIntervention 2013;8:1242-1251



Rationale for use of TRA

 Advantages :
 Homeostasis easy to achieve

 Reduced risk of bleeding

 No major nerves or veins - located near the artery

 Extensive palmar collaterals

 Improved patient comfort and convenience

 Immediate ambulation

 Reduced inpatient time and cost, faster turnover of 
beds

 Low workload of nursing staff, reducing cost.



Radial Access



✓ Very low risk of bleeding or pseudoaneurysm.

✓ No ischemic complications in case of occlusion if the palmar arc

is permeable.

✓ Very low risk of arteriovenous fistula or nerve damage.

✓ Hemostasis is simpler.

✓ Save staff time and labor (sheath manipulation and groin 

monitorization).

✓ Save on costs and complications of vascular closure devices.

Radial Access Advantages



Radial PCI one week after  femoral 

primary PCI



Technically more demanding
 Trans-radial approach perceived as more difficult 

to learn than trans-femoral

 Small sized vessel

 Higher percentage of anatomic variation

 Can be difficult to transverse the subclavian and aortic 
arch

 Prone to spasm

With better operator experience, most problems can be circumvented



Complex anatomy



Radial spasm





Possible concerns of TRA

 ? Increase radiation exposure : especially due 

to increased procedure times early on

 Radial artery occlusion 

 Use of RA for subsequently CABG



 Potential for increased radiation exposure both to patient

and operator

• In experienced hands, no difference in procedure

time/radiation exposure in TR vs TF approaches

Lange et al, CCI 2006; 67: 12-16

? Increase radiation exposure 



Radial Artery Occlusion

 Risk of RAO independently associated with

◦ Larger sheaths (sheath/artery ratio > 1) 

◦ Lack of peri-procedural anticoagulation

 Hand ischemia rare, but RAO has implications for: 

◦ access for subsequent coronary angiography

◦ Subsequent CABG or use of RA for fistula in HD

 Incidence post TRA:

◦ 5% based on clinical diagnosis

◦ 9% based on ultrasonography



Right or Left Radial Artery

Usually prefers right radial

 Same side of the table

 Easier to access ascending aorta

 For CABG - Surgeons use the left radial first

Left radial preferred in

 Descending Aortogram using a pigtail catheter

 Selective cannulation of Renal arteries

( with longer catheters) eg. Renal angioplasty 



Radial Access Drawbacks

 Negative Allen´s risk(<10%) ??? 

 Spasm (mainly in very tiny arteries).

 Difficult guide management (subclavian, 

brachiocephalic trunk curves….). 

 Respiratory induced guide deplacement.

 Femoral area is used anyway if IABP or 

temporary PM is needed.



Immediate withdrawal of introducer (regardless of anticoagulation /

antiplatelet).

Grateful Post-procedure





Trends of use of r-PCI over time

The proportion of r-PCI procedures accounted 

for 6.33% of total procedures (n=178,643),

increasing from 1.18% in the 1st quarter of 2007

to 16.07% in the 3rd quarter of 2012 (P<0.01).



Outcomes in PCI



Trials comparing  transradial

versus  transfemoral approach 



STEMI-RADIAL

A PROSPECTIVE RANDOMIZED TRIAL OF RADIAL VS. 

FEMORAL ACCESS IN PATIENTS WITH ST-SEGMENT 

ELEVATION MYOCARDIAL INFARCTION 

I Bernat, D Horak, J Stasek, M Mates, P Ostadal, J Pesek, V Hrabos, J Dusek, J Koza,            

Z Sembera, M Brtko, O Aschermann, M Smid, P Polansky, AA Mawiri, J Bis, J 

Vojacek, 

O Costerousse, OF Bertrand, R Rokyta 

University Hospital and Faculty of 

Medicine Pilsen,  Regional Hospital Liberec,  University Hospital 

Hradec Kralove,  Na Homolce 

Hospital Prague,   Université Laval Quebec.  Czech Republic,  Canada 

(ClinicalTrials.gov. NCT 00136187)



STEMI-RADIAL  - objectives

To compare radial vs femoral approach in

primary PCI for patients with STEMI < 12 hours

in very high volume radial centers  

> 80% radial primary PCI 



STEMI-RADIAL end-points

 Primary         - HORIZONS-AMI  bleeding  and access              

site complication *    

 Secondary    - MACE (death, MI, stroke)

- NACE

- crossover

- angiographic success

- contrast volume

- procedural and fluoroscopic times

- ICU stay

* Hematoma ≥15cm  



STEMI RADIAL - results

30-day bleeding and access site compl.

p=0.0001

80%

Bleeding and acess site complication is significantly less .



p = 0.7

30-day MACE

STEMI RADIAL - results

p = 0.64

p = 0.72

p = 1.0

4.2%

3.5%
3.1%

2.3%

0.8%
1.2%

0.3% 0.3%

MACE = composite of death, myocardial infarction and stroke



p = 0.0028

30-day NACE  

STEMI RADIAL - results

p = 0.7

p = 0.0001

11.0%

7.2%

1.4%

4.2%
3.5%

4.6%

Net Adverse Clinical Event (NACE) = MACE + major bleeding

MACE = composite of death, myocardial infarction and stroke

80%

58%



Conclusion
 In patients with STEMI <12 hrs, radial approach was

associated with a significant lower incidence of major

bleeding and access site complications and a

significant better net clinical benefit.

 Moreover radial approach reduced significantly ICU

stay and contrast volume compared to femoral

approach.

 Our results support the use of radial approach in

primary PCI in high volume centers as a first choice.



A RANDOMIZED COMPARISON 

OF RADIAL VS. FEMORAL

ACCESS FOR CORONARY 

INTERVENTION IN ACS (RIVAL)

SS Jolly, S Yusuf, J Cairns, K Niemela, D Xavier, P Widimsky, 

A Budaj, M Niemela, V Valentin, BS Lewis, A Avezum, PG 

Steg, SV Rao, P Gao, R Afzal, CD Joyner, S Chrolavicius, SR 

Mehta on behalf of the RIVAL investigators



RIVAL Study Objective

To determine if Radial vs. Femoral access for coronary 
angiography/PCI can reduce the composite of death, MI, 
stroke or non-CABG major bleeding in ACS patients



NSTE-ACS and STEMI

(n=7021)

Radial Access

(n=3507)

Femoral Access

(n=3514)

Primary Outcome: Death, MI, stroke 

or non-CABG-related Major Bleeding at 30 days

Randomization 

RIVAL Study Design

Key Inclusion: 

• Intact dual circulation of hand required

• Interventionalist experienced with both (minimum 50 radial  

procedures in last year)

Jolly SS et al. Am Heart J. 2011;161:254-60.

Blinded Adjudication of Outcomes



Other Outcomes

Radial
(n=3507)

%

Femoral
(n=3514)

%
HR 95% CI P

Major Vascular  
Access Site 
Complications

1.4 3.7 0.37 0.27-0.52 <0.0001

Other Definitions of Major Bleeding

TIMI Non-CABG 
Major Bleeding

0.5 0.5 1.00 0.53-1.89 1.00

ACUITY Non-CABG 
Major Bleeding*

1.9 4.5 0.43 0.32-0.57 <0.0001

* Post Hoc analysis



Other Outcomes

Radial
(n=3507)

%

Femoral 
(n=3514)

%
HR 95% CI P

Death 1.3 1.5 0.86 0.58-1.29 0.47

MI 1.7 1.9 0.92 0.65-1.31 0.65

Stroke 0.6 0.4 1.43 0.72-2.83 0.30

Stent Thrombosis 0.7 1.2 0.63 0.34-1.17 0.14



Other Outcomes 

Radial
(n=3507)

Femoral 
(n=3514)

P 

Access site Cross-over (%) 7.6 2.0 <0.0001

PCI Procedure duration (min) 35 34 0.62

Fluoroscopy time (min) 9.3 8.0 <0.0001

Persistent pain at access site 
>2 weeks (%)

2.6 3.1 0.22

Patient prefers assigned 
access site for next 
procedure  (%)

90 49 <0.0001

• Symptomatic radial occlusion requiring medical attention 0.2% in radial group 



Conclusion

 No significant difference between radial and femoral 
access in primary outcome of death, MI, stroke or non-
CABG major bleeding

 Rates of primary outcome appeared to be lower with 
radial compared to femoral access in high volume 
radial centres and STEMI

 Radial had fewer major vascular complications with 
similar PCI success 



RADIAL VERSUS FEMORAL 

RANDOMIZED INVESTIGATION IN 

ST ELEVATION ACUTE 

CORONARY SYNDROME

THE RIFLE STEACS STUDY
Enrico Romagnoli, MD PhD

Principal investigators:

Enrico Romagnoli, MD PhD

Giuseppe Biondi-Zoccai, MD

Giuseppe Sangiorgi, MD

F R



RIFLE STEACS – end-points

 Net adverse clinical events (NACE) at 30 days, 

defined as the composite of cardiac death, 

myocardial infarction (MI), target lesion 

revascularization, stroke, or non-coronary artery 

bypass graft (non-CABG)-related bleeding.

 Non CABG-related bleeding at 30 days 

(corresponding to type 2, type 3 and type 5 of 

BARC classification).



RIFLE STEACS - flow chart

Design

• DESIGN:

Prospective, randomized (1:1), 

parallel group,  multi-center trial.

• INCLUSION CRITERIA: 

all ST Elevation Myocardial 

infarction (STEMI) eligible for 

primary percutaneous coronary 

intervention. 

• ESCLUSION CRITERIA: 

contraindication to any of both 

percutaneous arterial access.

international normalized ratio 

(INR) > 2.0.

1001 patients enrolled between January 

2009 and July 2011 in 4 clinical sites in Italy

Clinical follow-up at 

1 month in 100%

Femoral arm 

(N=501)

Radial arm

(N=500)

Femoral arm 

(N=534)

Radial arm

(N=467)

Clinical follow-up at 

1 month in 100%

Intention-to-treat analysis 



NACE MACCE Bleedings 

femoral arm radial arm
p = 0.003

• Net Adverse Clinical Event (NACE) = MACCE + bleeding

• Major Adverse Cardiac and Cerebrovascular event (MACCE) = composite of 

cardiac death, myocardial infarction, target lesion revascularization, stroke

30-day NACE rate

RIFLE STEACS – results

p = 0.029 p = 0.026

21.0%

11.4%

7.2%

12.2%

7.8%

13.6%



30-day bleeding rate

RIFLE STEACS – results

p = 1.000

12.2%

6.8%

2.6%

5.4% 5.2%

p = 0.026

Bleedings Access site related Non access site related

femoral arm radial arm

7.8%

47%

p = 0.002



RIFLE STEACS - conclusions

 Radial access in patients with STEMI is 

associated with significant clinical benefit, in 

terms of both bleeding and cardiac mortality. 

 Radial approach should thus no more be 

considered a valid alternative to femoral one, 

but become the recommended access site for 

STEMI.



BIFURCATION LESIONS 



CTO



Radial Approach and Bleeding and Vascular 

Complications

Radial artery-

✓ Superficial.

✓ Smaller caliber.

✓ Lacks an important structure or potential spaces ( such 

as retroperitoneal space)

✓ Easily compressible.

 Observational and smaller randomized trials have found 

a significant reduction in the rate of major bleeding and 

major vascular access site complications with radial 

compared with femoral access in patients undergoing 

PCI, even when femoral vascular closure devices are 

used.



Radial Approach and Nonbleeding

Outcomes

 Patient preference for Radial PCI , results in certain 

patient groups, access site crossover, and costs.

 In the RIVAL trial, 90% of patients assigned to radial 

access preferred it for their next procedure compared with 

only 49% of patients assigned to femoral who preferred 

femoral access for a subsequent procedure (p < 0.0001).



Does the Evidence Support a Radial First, 

Femoral as Bailout Approach?

 Deciding between 2 therapeutic strategies involves 

weighing the risks and benefits of each.

 Although the default vascular access for PCI has 

traditionally been via the femoral artery, the bulk of 

evidence calls for a re-evaluation of this dogma. 

 PCI-related bleeding and vascular complications are 

associated with increased morbidity, mortality, and costs.

 Evidence shows that radial approach is safer, preferred by 

patients, associated with reduced mortality in primary PCI, 

and is associated with lower hospital costs.



Negotiating to the Ascending Aorta

 In typical patients, the iliac system provides little if any 

impediment to access the aorta.

 Traversing the arm requires skill in overcoming 

obstacles that are rare in the iliac- spasm; intrinsically 

small vessel size; blind alleys such as accessory 

radial branches, severe tortuosity, and complete loops; 

entry into small side branches that can result in 

perforation and compartment syndrome.



 How often is each of these factors responsible for 

failure to reach the ascending aorta?

 Data from a subset of 3,190 patients in the RIVAL 

trial included failure of TRA due to radial spasm in 

5.0%, radial artery loop in 1.3%, and subclavian

tortuosity in 1.9%. By contrast, iliac tortuosity 

accounted for failure in only 0.6% of patients, as 

did peripheral vascular disease in the femoral 

cohort.



The TRA Learning Curve

 A learning curve refers to the ability of operators to 
gain proficiency as they repeatedly perform a 
certain task.

 It is obvious that such a curve would exist for both 
TFA and TRA; with the learning curve for TRA 
being higher than TFA.

 Ball et al. recently studied this issue in a rigorous 
fashion among 28 operators performing the first 
1,628 PCI procedures by TRA at their institutions 
and concluded that a case volume of at least 50 
PCIs is required to achieve proficiency similar to 
that of experienced operators (>300 cases).



MANAGEMENT OF THE LEARNING CURVE 

 To start with, it is suggested that one use 5 Fr

sheaths and catheters for diagnostic 

procedures and then move to 5 or 6 Fr for easy 

angioplasties. 

 After the first 50 cases, the feasibility of radial 

and femoral access procedures should 

equalise.

 It is essential to assess progress by monitoring 

procedural success rate, duration and X-ray 

doses. 



Sunil V. Rao,MD, Zoltan G. Turi,MD et al; Radial Versus Femoral 

Access; JACC Vol. 62, No. 17, Suppl S, 2013October 22, 2013:S11–S20



Conclusions
➢ The femoral and radial accesses are two equally valid options.

Operator experience is the deciding factor for choosing one approachor  

other. Radial learning curve steeper.

➢ Bleeding complications are lower with transradial access. (at the expense  

of failed accesses rate slightly higher -switch).

➢ Radial access in patients with STEMI is associated with significant clinical  

benefits, in terms of both lower morbidity and cardiac mortality. Thus, it  

should become the recommended approach in these patients, provided  

adequate operator and center expertise is present.

➢ The hospitalization time was significantly lower with radial access, and the  

total procedure time also.

➢ Complex procedures (tortuosity, IABP, CTOs, etc..): Femoral required.



CHANGE IS THE ONLY 

CONSTANT





TAKE HOME MESSAGE

In nearby future transradial PCI 

will replace transfemoral PCI

More cost effective then femoral 
route

Low workload for nursing staff




