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Abstract
Introduction The distal transradial approach (dTRA) is progressively gaining more clinical use in the fields of cardiology
and other vascular interventions, as it offers a number of advantages compared to conventional radial approach (TRA). These
include lower rates of vascular occlusion which permits preservation of the proximal radial artery for future procedures in
the event of a distal occlusion.
Aim To share the experience in the use of dTRA for neurointerventions, showing its advantages, pitfalls as well as sharing
our optimized puncture and hemostatic ultrarapid compression protocols to improve the use of this vascular access.
Methods A retrospective analysis of our experience of diagnostic and interventional procedures performed via dTRA
using an optimized protocol for puncture and postpuncture compression of the dTRA was performed.
The rate of complications (hematoma and arterial dissection at puncture site) femoral crossover, and assessment of post-
procedural stenosis/occlusion with the ultrarapid compression protocol were also assessed.
Results From March 2019 to July 2020 a total of 100 distal radial procedures were carried out and 53 diagnostic
angiograms (53%) and 47 interventional procedures (47%) were included in the analysis. We achieved a 96% technical
success, with a femoral crossover requirement in 3 cases (3%), and one conventional TRA crossover due to puncture
failure.
Of the patients 3 presented puncture site hematomas (3%) with no intervention required, 61 patients (61%) underwent the
ultrarapid hemostasis protocol in association with a hemostatic pad. Ultrasound follow-up was performed in 20 patients
(20%) at 1–2 months with 1 case of occlusion (5%) and 2 of radial stenosis (10%). In all 3 cases proximal radial artery
remained patent.
Conclusion The dTRA is a safe and feasible access route for angiography and neurointerventions. Using vasodilators
prepuncture, we attained a variable increase in the vascular diameter facilitating puncture and reducing the risk of occlusion
and vascular spasm.
A rapid deflation protocol for postpuncture hemostasis does not significantly increase the hematoma rate.
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Introduction

The transradial approach (TRA), and more recently the dis-
tal transradial approach (dTRA, at the level of the anatom-
ical snuffbox), have become increasingly more important
in the field of interventional neuroradiology as a route for
vascular access [1–6]. Traditionally, femoral access (TFA)
has been the most frequently used vascular route in the
catheterization of supra-aortic trunks.

There is substantial scientific evidence from the field of
interventional cardiology [7–9] demonstrating the advan-
tages of TRA in reducing mortality and reducing the risk
of local bleeding and other vascular complications [10]. The
European Societry of Cardiology (ESC)/European Associ-
ation for Cardiothoracic Surgery (EACTS) guidelines from
2018 [11] offer A1 evidence of the superiority of TRA over
TFA in the endovascular treatment of patients with acute
coronary syndrome (independently of risk profile).

TRA is being implemented more and more in the do-
main of interventional neuroradiology, both for diagnostic
angiographic purposes and for interventional procedures.
These include hemorrhaging pathology and ischemic stroke
[12–14], given the safety of this route of vascular access and
the low rate of complications associated with the technique
[10].

The early data are so compelling that the technique is
being adopted for vascular access in performing diagnostic
cerebral angiography, with the anticipation of an increase
in the adoption of this vascular access route by neurointer-
ventional radiologists [5, 15].

However, there are several pitfalls associated with this
technique; the most frequent is radial spasm, which impedes
vascular access. Radial artery occlusion (RAO, incidence
0.8–33%) although almost always asymptomatic, can be
significant as it may exclude this access site from future
procedures [16–19].

A modification of this access is dTRA, which has sev-
eral advantages over TRA, one of the most important be-
ing a lower rate of vascular occlusion. In a study with
1631 patients, Babunashvili reported vascular occlusion at
1–12 months to be 0.61% [20].

In addition, in the event of distal occlusion, because of
the emergence of the superficial palmar arch proximal to
the point of puncture, the viability of the proximal radial
artery may be safeguarded at the level of the forearm [4,
21].

The use of dTRA has not become widespread, although
recently its utility in carrying out arteriographic diagnosis
[2, 4, 6] and interventional procedures [2, 22] has been re-

ported. In this study we aim to demonstrate its utility in
both diagnostic arteriography and complex procedures, fo-
cusing on optimization of the prepuncture vascular caliber
and the use of an ultrarapid hemostasis protocol in combi-
nation with a potassium ferrate hemostatic patch and a distal
compression device.

Material andMethods

This is a retrospective review of all the diagnostic an-
giograms and interventional procedures using a dTRA ap-
proach carried out in our center from March 2019 to June
2020.

Distal TRA was prioritized over conventional TRA when
the distal radial artery predilatation diameter was >0.17mm.

Description of the Protocol

Arterial Puncture

In our center distal radial access is routinely used in di-
agnostic angiograms and in some cases of interventional
procedures in which the supra-aortic trunk anatomy war-
rants this route of approach.

It is our institutional standard of care to omit the Allen
or Barbeau test. We measure the prepuncture vascular size
with ultrasound, given that the size of the artery with respect
to the size of the introducer is one of the most important
factors in determining the risk of arterial spasm and RAO
[23].

The hand is placed in a dorsal flexed position, thereby
facilitating advance of devices once the artery is punctured.

Before carrying out arterial puncture we perform an ul-
trasound measurement (13MHz hockey stick probe) of the
artery size which then serves as a reference; our predilata-
tion cut-off is diameters of less than 1.7mm in diagnostic
angiograms and 2.2mm in interventional procedures.

We select this cut-off diameter arbitrarily but based on
the external diameters of the sheaths we use in diagnostic
angiograms (2.2–2.4mm) and for interventional procedures
(2.7–2.8mm), to ensure the catheterization and reduce the
risk of arterial spasm.

The puncture is made in the anatomical snuffbox above
the scaphoid, as this allows easier arterial compression in
the event of complications, and postprocedural hemostasis
[2, 4, 24].
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Fig. 1 Ultrasound of the dTRA.
a Position of the ultrasound
transducer on the anatomical
snuffbox in an axial plane, b ul-
trasound images of the dTRA in
axial acquisition, above the bone
plane of the scaphoid, c position
of the transducer longitudinally,
making it difficult to puncture
the snuffbox and assure the bone
plane below the puncture site,
and d ultrasound images of the
dTRA in longitudinal plane

A distal puncture beyond the snuffbox where there is no
bony surface but soft tissue offers less chance for compres-
sion, and thus an increased risk of hematoma.

It is important to bear this in mind as we will be carrying
out access guided by ultrasound, and the position of the
transducer may affect the puncture point. The ultrasound-
guided puncture can be performed in the longitudinal plane,
offering the advantage of a better visualization of the entry
of the needle, but it may also lead to puncturing too distal
from the snuffbox, as there is no stable surface for the
transducer. For this reason, it is advisable to puncture in
the axial plane, thereby ensuring that the arterial puncture
will be in the anatomical snuffbox and above a bony surface
(Fig. 1).

After infiltrating the perivascular soft tissue with an anes-
thetic cocktail of 1% lidocaine and 2% nitroglycerine, we
do a systematic second measurement of the postdilatation
diameter of the artery, which will be our diameter refer-
ence to perform the catheterization. In so doing we attain
a variable increase in the vascular diameter that facilitates
puncture and reduces the risk of occlusion and vascular
spasm.

The artery is punctured with a 21G needle under ultra-
sound guidance, with a 0.01800 wire, both included in the
radial sheath kit (Slender sheath, Terumo Medical, Somer-
set, NJ, USA or Ideal, Merit Medical, South Jordan, UT,
USA), then inserted is used to introduce the radial sheath.

In the case of diagnostic angiograms we used a 5–6F
specific radial sheath.

For 6F radial sheath, the external diameter is 2.4mm,
which has the advantage of a smaller external diameter than
a conventional 6F introducer and similar to a 5F, due to its
thinner wall, but with an internal lumen equivalent of 6F.

In the case of interventional procedures, we usually
opt for a long 6F introducer: Ballast (Balt, Montmorency,

France), Cook Shuttle (Cook Medical, Limerick, Ireland),
or Neuron MAX (Penumbra Inc. Alameda, CA, USA), with
external diameters of between 2.7mm and 2.8mm, while
in some mechanical thrombectomy for ischemic stroke we
employ a sheathless flowgate balloon catheter (2.8mm).

Once we have inserted the sheath, following aspiration of
blood we administer a cocktail of heparin (2000–4000IU)
and verapamil (5mg), with 200µg of nitroglycerin to reduce
the risk of arterial spasm and thrombosis.

We withhold the heparin for those patients who have
been administered rtPA and those being treated with long-
term oral anticoagulants.

Protocol for Shortened Hemostasis Using StatSeal

In our center we use a proprietary hemostatic pad (StatSeal,
Biolife, Sarasota, FL, USA) with the placement of a pneu-
matic pressure bracelet (PreludeSYNC™ Radial Compres-
sion Device, Merit Medical, South Jordan, UT, USA) as
described recently by Hadjivassiliou et al. [25].

Withdrawal of the arterial introducer follows aspiration
to verify the absence of a thrombus within the sheath. The
introducer is then withdrawn to allow placement of the
hemostatic disc and the pneumatic compression bracelet.
It is important to remember that placement must be a few
millimeters proximal to the puncture point on the skin, be-
cause this is the level at which the arterial puncture point
is to be found (as a result of the angle of the puncture nee-
dle). After fixing of the hemostatic disc with a transparent
dressing, the sheath is removed, and the pneumatic bracelet
is applied with a volume of 10ml.

After 10min of compression, the balloon is deflated, and
the absence of blood/hematoma is confirmed. If there is no
bleeding, the balloon is left in place, completely deflated
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Fig. 2 a,b Conventional postpuncture hemostasis protocol using
a pneumatic pressure bracelet, and c,d shortened hemostasis pro-
tocol using proprietary hemostatic pad with a pneumatic pressure
bracelet, both placed before the withdrawal of the introducer

for 5–30min. The hemostatic disc is left in place for 24h
(Fig. 2).

If bleeding or hematoma is seen after 10min of compres-
sion, we inflate the balloon for another 10min and check
afterwards if there is no hematoma to complete the protocol
as describe above.

Protocol for HemostasisWithout StatSeal

In cases where the hemostatic disc is not used, the proto-
col dictates inflation of the balloon for 30min, after which
it is deflated, and the absence of bleeding is confirmed.
Then there is 30min more of compression with the balloon
deflated (1h in total) and the bracelet is removed (Fig. 2).

OutcomeMeasures

Primary endpoints in the analysis included the procedure
type and the effectiveness and safety of the dTRA vascular
access related to the need for crossover to TFA and com-
plications associated with this vascular route. Secondary

endpoints included the efficacy and safety of the postpunc-
ture ultrarapid hemostasis protocol with postprocedural ul-
trasound assessment of the radial artery for caliber change
and occlusion.

Results

A total of 100 distal radial procedures were carried out over
a period of 16 months (March 2019 to July 2020) in our
center, of which 53 were diagnostic angiograms and 47 in-
terventional procedures (Table 1) whereas 98 conventional
TRA procedures were performed.

Of the dTRA 86 were right and 12 left, with 2 bi-
lateral dTRA access procedures. A total of 58 men and
42 women were treated, with an average age of 58 years
(Range 19–90 years, SD 15.6 years).

All patients underwent ultrasound-guided puncture with
a vascular caliber, predilatation, of at least 1.7mm, follow-
ing administration of subcutaneous vasodilator.

The average prepuncture vascular caliber in the case
of the diagnostic procedures was 2.03mm (1.4–3mm, SD
0.38mm).

Following administration of the local vasodilator, the
average vascular caliber increased to as much as 2.29mm
(1.7–3.0mm, SD 0.48mm), representing an average in-
crease of 11.3% (p: 0.002).

In those cases with a vascular diameter less than 1.7mm,
after the local vasodilator administration, the diameter was
increased to allow us to perform the procedure.

In the case of interventional procedures, the average
prepuncture arterial caliber was 2.29mm (1.6–3.4mm, SD
0.37mm), with an average postdilatation caliber of 2.5mm
(1.7–3.9mm, SD 0.42mm), representing an average in-
crease of 8.4% (p: 0.007).

Overall, crossover to TFA was required in three cases,
two in the interventional group, due to difficulty catheter-
izing the target vessel: one case of external carotid artery
(ECA) embolization with tumoral bleeding in the oral cav-
ity, and the other an embolization of an anterior communi-
cating artery (AcomA) aneurysm. The third case was a di-
agnostic angiogram in which the presence of an arterial loop
at the elbow joint rendered the initial procedure impossible
to carry out.

In one case of mechanical thrombectomy there was
a puncture failure with a focal vascular dissection that
limited the use of dTRA and a conventional TRA was
used.

In another three cases it was impossible to catheterize the
target vessel, but no crossover was carried out. In one case,
internal right carotid artery could not be catheterized, in the
other two cases it was the left vertebral artery, which in the
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Table 1 dTRA Interventions

Type of inter-
vention

Number of
cases

rdTRA ldTRA Bilateral Mean predi-
latation (mm)

Mean post-
dilatation
(mm)

Hematomas Dissection StatSeal
protocol

Aneurysm em-
bolization

16 13 2 1 2.14 2.54 1 – 4

Mechanical
thrombectomy

14 12 2 – 2.28 2.41 1 1 11

Carotid stenting 3 3 – – 2.5 2.73 – – –

Intracranial
stenting

5 1 3 3 2.07 2.27 – – 2

AVF 3 2 – 1 2.26 2.43 – – 2

ECA emboliza-
tion

2 2 – – 2.1 2.15 – – 2

AVM 1 1 – – 2.4 2.4 – – 1

Occlusion test 3 1 2 – 1.93 2.23 – – 1

AVF arteriovenous fistula, ECA external carotid artery, AVM arteriovenous malformation

end was studied via the subclavian artery using a pressure
cuff on the left arm.

The conventional postpuncture hemostasis protocol was
utilized in a total of 39 patients and the remaining 61 pa-
tients underwent the ultrarapid hemostasis protocol in as-
sociation with a hemostatic pad (StatSeal).

There were three cases of hematoma. In two of these
cases, the postpuncture ultrarapid hemostasis protocol was
performed, one of them underwent an angiogram and the
other a mechanical thrombectomy following rtPA. In both
cases, arterial puncture was not properly made, having the
entry site too distal to the snuffbox (Fig. 3).

The third case of hematoma, we performed the conven-
tional postpuncture hemostasis protocol. It was a patient
who underwent embolization of a cavernous aneurysm with
the placement of an FD type stent, in which we adminis-
tered 8000 Unit of Heparin during the procedure.

Nevertheless, all three cases of hematoma were not
meaningful and were treated conservatively. Arterial pa-
tency was preserved in all cases.

All patients were discharged 2h after the procedure in
both groups regarding other considerations for hospitaliza-
tion. This is in comparison to patients undergoing conven-
tional radial access where there is a 4h hospitalization be-
fore discharge.

With the patients undergoing the shortened compression
protocol combined with the placement of hemostatic pads,
we maintained ultrasound follow-up at 1–12 months to as-
sess postprocedural vascular patency. We scheduled vas-
cular ultrasound to evaluate vascular patency, as well as
vascular caliber in relation to postprocedural stenosis.

For circumstances beyond our control (COVID-19) it
was not possible to perform ultrasound follow-up on all
patients and 20 patients with distal radial access (19 right
dTRA and 1 left dTRA) were completely assessed.

We recorded 1 case of total occlusion (1%), in a patient
who had undergone a diagnostic angiogram (vascular cal-
iber 2.6mm), and 2 cases of postprocedural stenosis (2%)
in patients undergoing interventional procedures (1 case of
embolization of an aneurysm with an FD stent in a very
long procedure, with an initial vascular caliber of 22mm
and 5mm at ultrasound control, and another a diagnos-
tic angiogram with right dTRA, with an initial caliber of
20mm and 7mm following the procedure).

However, at the proximal level the radial artery remained
patent for future procedures, thus the occlusion rate of prox-
imal radial artery was 0%.

Discussion

The use of TRA access is becoming more common in neu-
rointerventional groups [1, 2, 26, 27], as it is safe, effective,
and well-tolerated by patients, and it permits patients to
ambulate immediately postprocedure, translating into early
discharge and reduced hospitalization costs [27, 28].

In addition, TRA offers a series of advantages such as
easier catheterization in the case of type III bovine aortic
arches and easier access to the vertebrobasilar system, and
it is easier to apply in obese patients and those with severe
vascular atheromatous disease in the ileofemoral vessels
[27].

Although it has a number of limitations, in terms of pos-
sible difficulty in catheterizing the vessel of interest which
invokes the need for crossover to TFA [15], this is operator-
dependent and may be resolved as part of the learning curve
[1, 15]. There are several pitfalls associated with TRA, the
most frequent of which is radial spasm, while the most sig-
nificant is RAO which, with an incidence of 0.8–33%, can
compromise vascular viability [19].
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Fig. 3 a, c Angiographic images showing puncture site at the anatomi-
cal snuffbox and angiographic run confirm vascular compensation thor-
ough the hand by palmar arch, and b,d hematoma complications after
dTRA puncture, showing that the puncture was made distal to the bone
plane

The most recently implemented dTRA offers a series of
advantages in this respect, including a lower risk of RAO
[20, 21].

Additionally, puncture distal to the superficial palmar
arch allows the interventionist to maintain the collateral
vascular supply of the hand, as well as to safeguard the
integrity of the TRA for future procedures [22].

Furthermore, the size of the distal radial artery in relation
to the forearm has been demonstrated not to be clinically
significant in terms of caliber change [29].

There are a number of measures that contribute to re-
ducing the risk of RAO, such as the administration of intra-
arterial vasodilators [30], ultrasound-guided access, mea-
surement of vascular caliber [23], and, above all, attention
to the relation between the internal arterial diameter and the
external diameter of the introducer sheath used [28]. In our
experience the minimum required arterial caliber is 1.7mm

which can sometimes be achieved using local arterial va-
sodilators [2].

The use of ultrasound allows the interventionalists to
monitor the change in arterial caliber following administra-
tion of nitroglycerin, which, owing in part to the change in
caliber, can help enable access and/or make it safer and thus
decrease occlusion rates by sizing sheaths and equipment
appropriately.

We had previous experience in the use of conventional
radial access, this allowed us to acquire skills and im-
prove our learning curve in ultrasound vascular puncture
and supra-aortic trunks catheterization that we applied for
the use of dTRA. We had been progressively changing our
preferred route of access to dTRA due its advantages with-
out noticing an increase in time of puncture or catheter-
ization relative to TRA. In the same period of time, we
performed more interventions using dTRA (n= 100) than
TRA (n= 98), because we tended to select dTRA whenever
was possible.

In our series, with an 8% caliber change in diagnostic
procedures and 11% in interventions, this difference may
be explained by the greater level of sedation administered
to the interventional patients, which may have increased the
degree of vasodilatation.

This increase in the diameter although it is statistically
significant, it is clinically relevant because in many cases
it allowed us to perform interventions that otherwise would
not have been possible, due to the main limitation of dTRA
we encounter, i.e. the diameter of the vessel.

That is why we centered our efforts to optimize our pre-
puncture protocol because any protocol which helps to in-
crease the vascular caliber and diminish vasospasm is in-
teresting to take in consideration.

In the case of dTRA, ultrasound is in our view manda-
tory; it helps ensure that the puncture is made above the flat
bone, at the point where the radial artery passes over the
scaphoid bone, thereby aiding postpuncture hemostasis.

Furthermore, ultrasound control ensures that the access
is not made distally to the snuffbox over the interosseus
muscles where the risk of local hematoma is increased [2,
22, 24]. For this reason, it is advisable to use ultrasound
guidance and perform the ultrasound-guided puncture in
the axial plane. The longitudinal plane may enable greater
control of the needle for puncture but it can also result in
a spacing conflict that impedes puncture above the snuffbox.

In our experience, while the rate of local hematoma
is low even in patients on anticoagulants and those who
have undergone rtPA, of the 3 cases of hematoma recorded,
2 were attributable to improper puncture technique carried
out outside the flat bony area of the snuffbox. Although it
seems a high incidence of complications we included min-
imal local hematoma with no vascular and clinical reper-
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cussion, with no need for other interventions and no need
for increasing time of hospitalization.

This is also a factor to consider in terms of postpuncture
hemostasis, not only to reduce the risk of hematoma but
also, more importantly, to safeguard vascular viability and
reduce the risk of stenosis and RAO.

Several protocols for hemostasis in TRA and dTRA have
been developed, each in succession seeking to reduce the
risk of RAO and prevent postprocedural bleeding.

Current protocols for hemostasis focus on reducing the
risk of RAO with shorter compression, permitting radial
artery flow while compression is applied. The ULTRA [17]
protocol orders ipsilateral ulnar artery transient compres-
sion for 1h, facilitating radial arterial patent hemostasis.

Protocols for rapid hemostasis have also been devel-
oped that seek to reduce the compression time to 10min
by means of a pneumatic bracelet followed by progressive
deflation for 15min, without an increase in the risk of local
hematoma [25]. This contrasts with the conventional com-
pression protocols that call for 1h of compression. There are
also postprocedural hemostasis systems based on the place-
ment of hemostatic patches designed to accelerate vascular
healing [31].

With our protocol we have sought not only to reduce
compression time with a system of rapid deflation but also
to optimize compression in conjunction with the placement
of procoagulant hemostatic patches at the point of punc-
ture so as to accelerate healing while also assuring vascular
integrity.

In our series there were 1 case of occlusion and 2 cases
of postprocedural stenosis, although preserving radial artery
patency proximately.

Furthermore, in those patients who did suffer postpro-
cedural occlusion or stenosis, we found an association be-
tween the event and prolonged procedure times with much
greater caliber of the introducer sheath used in relation to
the vascular diameter.

Nonetheless, despite the distal occlusion it was possible
to maintain the caliber of the proximal radial artery at the
level of the forearm, which represents an added advantage
of TRA in the event of the need for future procedures.

While these results are generalizable, our study has some
limitations, regarding its retrospective design and due to
circumstances beyond our control (COVID-19) it was not
possible to perform ultrasound follow-up on all patients,
which may have bias in the detection of occlusion rates.

Conclusion

The use of dTRA is a safe feasible route of access for
angiography and neurointerventions, with a low rate of
femoral crossover and low rate of complications. A proper

puncture at the anatomical snuffbox is mandatory to avoid
complications.

The use of subcutaneous nitroglycerin can increase the
caliber of the distal radial artery, thereby easing access.
A rapid deflation protocol does not significantly increase
the hematoma rate.
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