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Abstract

Balloon Aortic Valvuloplasty (BAV) conducted through the radial artery is a new 
approach that may broaden the practical indications of aortic valvuloplasty due to 
the very low rate of vascular complications reported. Knowing the technique, which 
sheaths are compatible with the radial artery, which balloons are compatible with 
the respective sheaths is essential for the operator when embarking on a mini-BAV 
technique, but the learning curve is short and the benefits are many.
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Introduction

The relevance of Balloon Aortic Valvuloplasty (BAV) in the management of aortic 
stenosis has revived with the development of the Transcatheter Aortic Valve 
Implantation (TAVI) technique and taking into account the increasing frequency 
of severe symptomatic aortic stenosis in elderly and fragile individuals [1,2]. From 
palliative and bridge treatment to TAVI or surgical aortic valve replacement, the 
indications have been expanded to symptomatic improvement prior to consideration 
of definitive TAVI intervention [1,3]. The predominant access site for the BAV is the 
femoral artery, although the radial artery can safely accommodate 6-10 F sheaths with 
compatible balloons. Vascular complications during BAV remain the most common 
procedural complications despite smaller delivery systems and improved operator 
experience (comparable with that of TAVI) [2]. Subclavian and brachial access 
has been proposed to achieve fast mobilization and reduced hospital stays (crucial 
in this subpopulation) but is still detrimental in terms of vascular complications. 
Consequently, a transradial mini-invasive approach with rapid pacing through a 0.035 
inch left ventricular support wire has been thoroughly encouraged, and promising 
results have been reported [4]. In recent years, a Distal Transradial Approach (DRA), 
also known as the snuffbox approach, has gained popularity among the interventional 
community due to several advantages: Minimal risk of hand ischemia due to blood 
flow preservation in the forearm, faster hemostasis, reduced nursing staff time, greater 
comfort and ergonomics for both the patient and the operator, preservation of the 
proximal forearm’s radial segment for future interventions or arterial graft harvesting, 
and possible lower radiation doses due to arm positioning on the pelvis [5-7]. Given 
these advantages, DRA competes with the conventional radial approach. Because data 
on a distal radial approach for BAV is reported only sporadically [8,9], we present our 
proof-of-concept, step-by-step description of the technique. This review complements 
the first 2 pilot studies conducted in our centers, making the transition from proximal 
radial access (the TRAV Study) to distal access (the DR-BAV Study) in BAV procedures 
[9,10]. 
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The rationale

There are numerous instances in which independent BAV (not 
conducted immediately before or after TAVI) may be considered 
in the modern TAVI era. Radial BAV is used to “bridge” extreme 
or high-risk patients who are unable to undergo aortic valve 
intervention (TAVI or surgical aortic valve replacement) to a more 
stable clinical condition, allowing for a more thorough evaluation 
and treatment decision. Furthermore, BAV may have diagnostic 
value in low-gradient severe aortic stenosis with left ventricular 
impairment, allowing physicians to determine if the left ventricle 
is capable of recovering once the stenosis-induced afterload is 
removed [4]. Another reason for BAV’s global spread is its use as 
a bridge to decision before urgent major surgery in patients with 
an ambiguous prognosis. However, because of its limited duration 
and efficiency, BAV exposes patients to peri-procedural risks and 
vascular complications that must be considered. Logistical reasons 
such as limited health care resources/insurances resulting in an 
excessively long waiting list should not be forgotten. There are 
also many non-TAVI centers where the transfer to TAVI centers 
is difficult, either due to the patient’s clinical condition or the 
logistical reasons mentioned above.

With the constant improvements in TAVI technology and 
materials, BAV must follow. Serious adverse events are frequent 
after BAV, with 7% being related to vascular complications [11] 
and 2% occurring during temporary pacemaker implantation 
[12]. Theoretical elimination of these complications could be 
achieved by performing BAV via radial access without temporary 
PM implantation. The rationale for using the DRA over proximal 
radial access can be summarized into 3 reasons: (1) preservation 
of the forearm radial artery, (2) better ergonomics for the patient 
and operator and (3) presumably lower radiation doses and 
shorter procedure times. Kiemeneij, et al. reported that the distal 
radial artery was occluded in 1.5% of 62 patients and that the 
forearm radial artery was occluded in 0% of 62 patients who 
underwent a procedure involving a distal radial approach [5]. 
They considered that if the radial artery is occluded during the 
snuffbox DRA, antegrade flow through the superficial palmar 
arch is maintained. Therefore, a procedure using a distal radial 
approach does not cause forearm radial artery occlusion, which is 
of particular importance when performing BAV, as large sheaths 
are associated with a high vessel occlusion rate, Tumscitz, et al. 
reported a worrisome 20% radial occlusion rate at a 30-day follow-
up in patients with proximal radial BAV [13]. Thus, a distal radial 
approach is considered an effective option from the viewpoint of 
radial artery preservation, but notably, the vessel diameter of the 

distal radial artery is smaller than that of the proximal radial artery, 
Norimatsu, et al. reported a difference in vessel diameter between 
the distal radial artery and proximal radial artery of 0.5 ± 0.4 
mm and a distal-/proximal radial artery ratio of 0.8 ± 0.1 [14]. 
Nevertheless, a 7-8 Fr Glidesheath Slender can be inserted into the 
distal radial artery [15,16], although the vessel diameter should be 
evaluated using ultrasound prior to intervention. The versatility 
of the radial artery that can accommodate devices larger than its 
nominal diameter has been proven during BAV procedures, with 
7-8 Fr sheaths and bulky balloons [9].

The technique

Puncture: After local anesthesia, both distal radial arteries were 
punctured under ultrasonography guidance with a dedicated 
transradial needle and sheath (Terumo Co., Japan, 5 F). The 
details of the puncture technique have been described elsewhere 
[5-7]. Aortography was performed using a pigtail catheter in 
a left lateral 30-degree view with 15 ml contrast through the 
left radial approach. The aortic valve was passed with a Terumo 
guidewire (Terumo IS, Tokyo, Japan) using an Amplatz left 1.0 
or 2.0 diagnostic catheter (Cordis, Miami Lake, USA), and then 
the Terumo guidewire was replaced with a regular 260 cm 0.035” 
J-tip guidewire (Medtronic, Minneapolis, USA). The Amplatz 
catheter was changed to a diagnostic pigtail catheter, and the 
baseline pressure gradient was measured. After baseline pressure 
recordings, the Amplatz Super-Stiff or a Safari 0.035” 260 cm J-tip 
guidewire (Boston Scientific, Marlborough, USA) was advanced 
into the left ventricle, and then a 6 F radial sheath was exchanged 
for an 8 F short femoral sheath (Terumo IS, Tokyo, Japan). If 
resistance was encountered, the sheath could be inserted only 3-4 
cm, which is sufficient for safe balloon retrieval. The balloon size 
was selected by computed tomography angiography measurements 
or by echocardiographic measurements in urgent cases (balloon to 
annulus diameter ratio 0.8). The procedure is usually performed 
with 16-22 mm low-profile compliant balloons (in our center, 16-
22 mm × 4 cm, 8 F-compatible VACS II balloons, Osypka AG, 
Rheinfelden, Germany, OR an 18 mm × 4 cm × 120 cm XXL 
Balloon Dilation Catheter, Boston Scientific) (illustrative example 
in Figure 1). BAV was performed under rapid temporary high-rate 
(180-220 bpm) right ventricular dual-lead stimulation: The distal 
stiff 0,035-inch guidewire core served as the negative lead and a 
needle placed in the subcutaneous tissue of the groin served as 
the positive lead. Per our local protocol, we usually prefer a 16-
18 mm diameter balloon because semicompliant balloon material 
enables some variation in the diameter above or below the nominal 
level. Thus, the balloon diameter was modulated with manual 
inflation to achieve a balloon-to-annulus ratio of 1:1, which was 
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confirmed by complete sealing of the valvular orifice and aortic 
pulse abrogation. After balloon removal, pressure measurements 
with a pig tail catheter were performed again. Target reduction 
of the mean gradient was >30%. A second balloon dilatation was 
performed at the operator’s discretion. Usually, at least 2 inflations 
are required to achieve a significant gradient drop. The compliant 
balloon is somewhat slippery, and a stiffer wire can help stabilize the 
balloon by pushing on the wire against the left ventricle to anchor 
the balloon and perform a longer pacing run before inflating the 
balloon. A cocktail of 5000 UI of unfractioned heparin and 250 
mcg nitroglycerine was administered directly into the radial artery 
through the sheath.

Postoperative treatment: After the procedure, the sheath was 
immediately removed, and hemostasis was achieved by applying one 
hemostatic StatSeal disc (Biolife, LLC, USA) with a compressive 
bandage for 4 hours. The patient was examined overnight in the 
intensive care unit.

Per the center’s protocol, distal radial puncture is performed 
under ultrasound guidance regardless of radial access expertise 
(due to a higher success rate and faster and safer cannulation). 
Ultrasound can also be used to determine whether the radial artery 
is sufficiently large to accommodate the necessary sheath and 
check for calcifications that can block balloon delivery. Additional 
lidocaine should be given before large sheath exchange, as spasm 
is the main impediment restraining large delivery systems. Long 
sheaths that reach the brachial artery are also a practical solution 
for preventing radial spasms and balloon retraction. Nitroglycerin 
can be used in selected patients but should be avoided in patients 
with critical aortic stenosis and marginal blood pressure.

The size of the balloon is very important to sheath size selection and 
is determined by the size of the annulus. The size of the delivery 
sheath can be decreased with the use of peripheral balloons or 
with a decreasing balloon size. Operators can use semicompliant 
(Tyshak II, NuMED, USA; XXL Balloon, Boston Sientific, USA) 
or noncompliant aortic balloons (Z-Med, NuMED, USA; Maxi 
LD Balloon, Cordis, Florida, USA). Semicompliant balloons tend 
to have a lower profile and therefore require smaller vascular access 
sheaths, which helps reduce vascular complications in the elderly 
population. The trade-off, however, is that these balloons have less 
predictable inflation diameters than noncompliant balloons and 
have lower rated burst pressures. Dedicated BAV balloons have 
a larger profile, but peripheral balloons can be used in smaller 
sheaths. Smaller balloons can have smaller hemodynamic effects 
than larger balloons. In our study, the 0.8 annulus-to-balloon ratio 
was safe and had a satisfactory clinical effect, but the hemodynamic 
effect was not always improved. In cases where there is not enough 
decrease of the gradient and an upgrade to a valvuloplasty balloon 
requiring a vascular sheath >10 F is required, then crossover to 
femoral access is mandatory or dual balloon valvuloplasty can 
be used with 2 balloons. In some cases, the use of sheathless 7 F 
guides or long sheaths allows balloon manipulation when delivery 
and retraction are anticipated to be difficult. The decision to use 
such long catheters is based on US examination, and small-caliber 
and diseased arteries are prone to additional spasm and device 
entrapment. The proposed algorithm is summarized on Figure 2.

Figure 1: Transradial balloon aortic valvuloplasty, summary and illustrations. 

Upper panel: Simultaneous dual-distal radial, dual-BAV with two 12 × 40 mm 

VACS-II balloons (Osypka AG, Rheinfelden, Germany), compatible through 

6-French sheaths. Lower panel: Distal radial BAV with a semicompliant 8 mm 

balloon (XXL Balloon, Boston Sientific, USA), with a high rated burst pressure (5 

atm), compatible through 8-French sheath. Procedural steps: (1) Dual radial access 

(see Figure 2); (2) Aortography with a pig tail catheter; (3) Valve crossing with AL1 

5F catheter; (4) Hemodynamic assessment (5) Dedicated 0.035” guidewire in the 

left ventricle; (6) Guidewire pacing test; (7) Radial BAV under rapid guidewire 

pacing; (8) Balloon retrieval; (9) Control hemodynamic assessment using two pig 

tail catheter; (10) Patent hemostasis using radial compression device or statseal 

device at distal radial. Abbreviation: BAV: Balloon Aortic Valvuloplasty.
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Discussion

Distal radial access: Less occlusion, longer learning curve

Radial artery cannulation via DRA was initially used by 
anesthesiologists for perioperative patient monitoring [17] and 
more recently for retrograde radial artery recanalization of radial 
artery occlusion [18]. Because radial artery occlusion represents 
one of the few remaining limitations of the radial arterial approach 
and this risk increases with larger sheaths, the perspective of 
puncturing the permeable distal segment of the radial artery and 
re-open the occluded proximal radial artery should be also kept in 
mind [19]. The vessel at the anatomical snuffbox is roughly 80% 
of the size of the radial artery at the forearm with mean diameter 
is 2.4 mm [7,14], and is more tortuous. Relevant drawbacks of 
the DRA are the more challenging puncture of a smaller artery 
and the higher rate of failure to advance the wire and subsequent 
arterial cannulation. The learning curve with distal radial access 
is navigable, but there are nuances to the technique that should 
be appreciated in the interest of patients’ safety. At least 100 cases 
are needed to consistently maintain a high success rate of >96% 
[7,20]. This is of particular importance if the aim is to push DRA 
in more difficult scenarios such as STEMI or unstable, high-risk 
cases [21]. Marked improvement can be felt within the 50 cases, 
which is encouraging for a novice operator [22].

Radial complications in BAV

The SOFTLY II safety data revealed an extremely low rate of 
vascular complications: Zero of 330 patients had serious vascular 
problems, while one of 330 VARC-2 patients had mild vascular 
complications [4]. One patient underwent minor vascular surgery 
as a result of balloon rupture and trapping in the radial artery. 
The surgical removal was carried out in the catheterization 

laboratory and had no effect on the in-hospital stay or the 
necessity for blood cell transfusions. As a result, caution should 
be taken to avoid balloon rupture during radial BAV. The DR-
BAV safety data reported no intra or periprocedural complications 
(balloon entrapment or compartment syndrome requiring surgical 
intervention) nor Valve Academic Research Consortium (VARC) 
2 bleeding complications occurred in the study population. Only 
minor VARC-2 bleeding was reported (3 local hematomas not 
requiring surgery). At the 30-day echocardiographic follow-up, 
the radial artery was patent in 94% of the patients, and no patient 
showed symptoms related to radial artery occlusion [9].

Conclusion

In most patients, mini-invasive distal radial balloon aortic 
valvuloplasty can be performed as a safer alternative to the 
traditional femoral access. Given the short learning curve and extra 
benefits of this novel technique, it has the potential to become 
a new standard of care in the future. Furthermore, transradial 
BAV technologies may progress in the future, allowing the use of 
thinner sheaths and larger balloons. Of course, some patients will 
simply not have sufficiently large radial arteries for an 8-Fr sheath, 
and the ultimate question will be whether DR-BAV is a safer 
bridge to SAVR or TAVI than the femoral approach when feasible. 
Randomized studies are needed to verify this potential benefit. 
studies will help to gain better understanding of this important 
aspect of this infection that has represented an unprecedented 
challenge for the entire healthcare community.
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