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There are numerous approaches for transcatheter aortic valve replacement (TAVR); however, access-related complica-

tions remain a point of concern. We analyzed consecutive patients who underwent TAVR for severe aortic stenosis via the

brachiocephalic artery (BCA) without sternotomy (TBc group, n ¼ 10) and via the trans-ascending aortic (TAo group,

n ¼ 8). The median BCA diameter and distance between the access point and suprasternal notch or superior margin of the

clavicle were 11.3 mm and 8.3 mm, respectively. No patients in the TBc group underwent a partial sternotomy. Compared

with the TAo group, the TBc group exhibited a shorter mean procedure time and lower blood loss volume as well as

shorter duration of hospitalization. TAVR through the BCA may be a safe and feasible alternative for ascending aorta

access. Studies with longer follow-up analysis and more patients are warranted to confirm our findings.

(JACC: Asia 2024;4:495–499) © 2024 The Authors. Published by Elsevier on behalf of the American College of

Cardiology Foundation. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
T ranscatheter aortic valve replacement
(TAVR) is a viable treatment procedure for
patients with symptomatic severe aortic

valve stenosis and involves a significant mortality
risk.1 The minimally invasive transfemoral (TF)
approach for retrograde implantation of the trans-
catheter heart valve is the most accepted procedure.
However, some patients lack healthy iliac or femoral
arteries.2 Moreover, vascular complications, espe-
cially arterial injury at the access point, influence
the clinical outcomes of TF-TAVR.2,3 Accordingly,
alternative approaches, including transapical,
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trans-ascending aortic (TAo), subclavian, axillary,
caval, and carotid access, have been widely adopted.

Given that a few case series have shown the
feasibility of the procedure with partial sternotomy,4

we compared a case series of 10 consecutive patients
who underwent TAVR procedures via brachiocephalic
artery (BCA) access using an Medtronic transcatheter
valve (Evolut R and Evolut PROþ, Medtronic, Inc) and
the Edwards transcatheter valve (Sapien 3, Edwards
Lifesciences) without sternotomy as well as through
alternative access sites, such as the TAo approach for
TAVR. We describe the current technical and
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ABBR EV I A T I ON S

AND ACRONYMS

BCA = brachiocephalic artery

TAo = trans-ascending aortic

TAVR = transcatheter aortic

valve replacement

TBc = trans-brachiocephalic

TF = transfemoral
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decisional considerations as well as the lim-
itations of the trans-brachiocephalic (TBc)
approach.

METHODS

PATIENT CHARACTERISTICS. Between August
2019 and April 2021, we performed 175
consecutive TAVRs; among them, 157 and 18
were performed through the femoral artery
and alternative vessels, respectively. Among the 18
procedures, 10 were performed using the TBc
approach and 8 using the TAo approach via partial
sternotomy/mini-thoracotomy. In the TBc group, 9
patients were treated with the self-expanding bio-
prosthesis and 1 patient with the balloon-expandable
bioprosthesis. In the TAo group, 5 patients were
treated with the self-expanding bioprosthesis and 3
with the balloon-expandable bioprosthesis. Table 1
presents the patient characteristics.

All patients provided informed consent for under-
going the procedures; this study was approved by the
Institutional Review Board of Kurashiki Central Hos-
pital (reference number 3678). These patients were
considered to be at high risk of surgical aortic valve
replacement and consequently indicated for TAVR.

PREOPERATIVE INVESTIGATIONS. Electrocardiogram-
triggered multidetector computed tomography
images were routinely studied for accurate measure-
ments of the aortic valve annulus, sinotubular junc-
tion, sinus of Valsalva, and other structures (Siemens
AG). The bifurcation of the BCA into the right sub-
clavian and right common carotid arteries is typically
either behind the sternum/right clavicle or cranially
higher. The need for sternotomy was preoperatively
determined. Specifically, if the BCA bifurcation
reached the upper rim level of the manubrium or
passed across it slightly, the BCA was accessed
suprasternally without sternotomy (Figures 1A
and 1B); alternatively, TAo access with partial ster-
notomy or right mini thoracotomy was applied as the
second-best alternative approach.

OPERATIVE TECHNIQUE. A 2- to 3-cm oblique cervi-
cal incision was made, the sheath was introduced
from the access point, and a stiff guidewire was
passed through the aortic valve. Subsequently, slow
and gradual deployment was performed during rapid
ventricular pacing. Transesophageal echocardiogra-
phy was used to ensure correct placement and to
identify perivalvular leaks.

DISCHARGE AND FOLLOW-UP. According to the re-
quirements of our outpatient clinic, patients were
closely monitored postoperatively through patient
interviews, clinical examination, follow-up echocar-
diography, and enhanced computed tomography
scans.

STATISTICAL ANALYSIS. The Shapiro-Wilk test was
performed to test for normality. Continuous variables
are presented as mean � SD (normally distributed) or
median and range (non-normally distributed). The
Student’s t-test was used to compare normally
distributed variables between groups, and the Mann-
Whitney U test was used for non-normally distributed
variables. The chi-square or Fisher exact test was
used to compare categorical variables between
groups, as appropriate. Statistical analyses were per-
formed by using SPSS version 22 (IBM SPSS Statistics,
IBM Corporation).

RESULTS

PREOPERATIVE. The median BCA diameter was
11.3 mm (range, 10.1 to 16.2 mm); the median distance
between the access point and the aortic valve annulus
was 12.7 mm (range, 11.1 to 14.1 mm). The median
distance between the access point and suprasternal
notch or superior margin of the clavicle (Length X in
Figure 1B) was 8.3 mm (range, –15.2 to 15.4 mm). If the
access point was beneath the sternal manubrium or
the right clavicle, X was a negative in value. Figure 1C
describes the computed tomography data.

INTRAOPERATIVE. BCA access was obtained supra-
sternally in all patients. No patient underwent partial
sternotomy for BCA access; however, in the TAo
group, 6 patients underwent partial sternotomy and 2
underwent right mini-thoracotomy. The mean pro-
cedure time was shorter in the TBc group than in the
TAo group (83.7 � 13.8 minutes vs 119.2 � 27.0 mi-
nutes; P ¼ 0.002) (Table 1). After valve implantation,
the mean gradient decreased from 48.8 � 12.5 mm Hg
to 7.4 � 3.3 mm Hg in the TBc group and from 57.1 �
19.4 mm Hg to 9.5 � 1.8 mm Hg in the TAo group. No
perioperative cerebral or cardiac ischemia was
observed in either group; furthermore, no surgical
conversion to full sternotomy was required.

POSTOPERATIVE OUTCOMES. During the early
postoperative course, no significant complications
occurred in the TBc group. However, one hospital
death due to nonocclusive mesenteric ischemia
occurred in the TAo group. The mean hospitalization
length was shorter in the TBc group than in the TAo
group (7.1 � 3.0 days vs 13.1 � 7.7 days; P ¼ 0.038).

The 30-day survival rate was 100% and 87.5% in
the TBc and TAo groups, respectively. Table 1



TABLE 1 Baseline Patient Characteristics and Procedural and Clinical Outcomes

According to Approach

TBc (n ¼ 10) TAo (n ¼ 8) P Value

Baseline characteristics

Female 10 (100) 4 (50) 0.011

Age, y 87.9 � 4.6 85.7 � 3.5 0.298

EuroSCORE II, % 8.4 � 5.5 9.1 � 2.9 0.781

Aortic valve area, cm2 0.58 � 0.20 0.69 � 0.12 0.206

Mean aortic valve gradient, mm Hg 48.8 � 12.5 57.1 � 19.4 0.287

LVEF, % 54.8 � 9.9 61.1 � 13.0 0.265

Previous CABG or PCI 3 (30) 2 (25) 0.813

Previous stroke 1 (10) 0 0.357

CKD stage 4 or 5 3 (30) 3 (37.5) 0.737

Procedural outcomes

Mean procedure time, min 83.7 � 13.8 119.2 � 27.0 0.0023

Mean blood loss, mL 44.5 � 42.1 289.8 � 145.8 <0.001

Mean blood transfusion, units 0.6 � 1.3 1.7 � 2.2 0.197

Mean fluoroscopy time, min 26.7 � 5.5 22.1 � 8.8 0.190

Mean volume of contrast medium, mL 43.9 � 15.8 62.1 � 45.9 0.256

Clinical outcomes

All-cause mortality 0 1 (12.5) 0.250

All stroke (disabling/nondisabling) 0 0

Life-threatening bleeding 0 0

Acute kidney injury 0 1 (12.5) 0.250

Coronary artery obstruction 0 0

Valve-related dysfunction 0 0

Aortic regurgitation more than moderate 0 0

New permanent PM implantation 0 1 (12.5) 0.250

Mean hospital stay, d 7.1 � 3.0 13.1 � 7.7 0.0385

Values are n (%) or mean � SD.

CABG ¼ coronary artery bypass grafting; CKD ¼ chronic kidney disease; LVEF ¼ left ventricular ejection
fraction; PCI ¼ percutaneous coronary intervention; PM ¼ pacemaker; TAo ¼ trans-ascending aortic; TBc ¼ trans-
brachiocephalic.
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summarizes the early safety clinical endpoints as
proposed by the Valve Academic Research Con-
sortium 3 criteria.5 There were no TAVR-related
complications in the TBc group. Contrastingly, in
the TAo group, one patient required temporary he-
modialysis for acute kidney injury and another
required implantation of a permanent pacemaker.

EARLY FOLLOW-UP DATA. The mean follow-up
period was 181.8 days, with no deaths occurring
during this period. There were no early valve rein-
terventions or open conversions; moreover, no valve-
related dysfunction was observed in either group.
None of the patients has required aortic valve
reintervention.

DISCUSSION

This study is the first to report the outcomes of TBc-
TAVR without sternotomy wherein primary alterna-
tive access was achieved via the TBc approach in case
of poor TF access. No vascular or access-related
complications were experienced at the BCA or
ascending aorta access sites. Our findings indicate
that BCA access could be feasible and safe, with low
rates of major vascular complications, bleeding, and
stroke compared with ascending aorta access if the
BCA is positioned suprasternally or accessible
without sternotomy. The reported outcomes are
consistent with previously reported TF-TAVR
outcomes.6

Since August 2019, in cases in which femoral access
is inappropriate, we have favored the BCA as an ac-
cess point; if unsuitable, the next alternative is direct
ascending aorta access through a second or third right
mini-thoracotomy or through a partial sternotomy.

The following conditions should be satisfied for
BCA access in TAVR7: 1) BCA diameter (>8 mm on
preoperative computed tomography imaging) large
enough to insert the 18-F delivery sheath, which al-
lows blood flow through the gap between the sheath
and vessel; 2) absence of BCA occlusion increasing the
risk of intraoperative cerebral ischemia; and 3) no
calcifications in the artery causing vascular stenosis.
Contralateral or left atherosclerosis in the carotid ar-
tery with significant stenosis or occlusion are con-
traindications for TBc-TAVR.

There is a low risk of periprocedural distal ischemia
due to insertion of the TAVR introducer sheath
because the diameter of the BCA is larger than that of
the subclavian and carotid arteries. In this case series,
no clinically assessed stroke or temporary ischemic
attack occurred in either group. The alternative BCA
access could have a low risk of mortality and
morbidity that is similar, or even superior, to that
with the TF approach.

Other alternative TAVR approaches have limita-
tions.8 For example, although the transapical
approach has been extensively adopted, it is more
invasive because it requires thorax opening and is
unfavorable for patients with respiratory dysfunc-
tion. Moreover, the trans-ascending aortic approach
requires a partial sternotomy or anterior thoracot-
omy. In fact, we observed a shorter mean procedure
time and a lower blood loss volume in the TBc group
than in the TAo group. In case of contraindications for
trans-ascending aortic or transfemoral access, sub-
clavian artery access becomes another candidate. The
trans-subclavian approach can be either left- or right-
sided. From our experience, the subclavian arteries
are often calcified or small, and the TAVR system
transverses the aortic arch in patients with diffuse,
brittle atheroma (shaggy), which presents a risk of
vascular complications. In our practice, we mostly
use transaxillary access. The choice of artery depends



FIGURE 1 Preoperative CT Images and Data

The distance between the access point and suprasternal notch or superior margin of the clavicle: axial view (A) and sagittal view (B). (C)

Preoperative computed tomography (CT) data. Dotted line indicates the upper border of the manubrium; the arrows indicate access site; and

X indicates the distance between the access point and suprasternal notch or superior margin of the clavicle.
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on the transcatheter heart valve used and the root
angle. Transaxillary access with an evolute valve
typically requires a lower root angle (<30� to 40�).
Another alternative approach for TAVR is the carotid
artery, which can be easily accessed, and the access
position can be controlled. Because carotid arteries
often have a small diameter, the delivery sheath
could lead to occlusion and a decrease in cerebral
perfusion during the procedure. Finally, transcaval
access may be excluded from the list of alternative
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approaches for large-bore devices as it has the highest
risk of major vascular complications.9

Cervical artery tortuosity is more common on the
right side in older patients. Honig et al10 reported
that it is caused by arterial dilation in response to
arterial atherosclerotic changes in the arteries.
Furthermore, when left ventricular hypertrophy oc-
curs, the ascending aorta is pushed upward, which
causes the BCA to be pushed upward and sag,
resulting in flexion and tortuosity. Therefore, in East
Asia, which has a large older population, the BCA
might be the preferred access site, as observed in
our case series.
STUDY LIMITATIONS. This was a small single-center
case series with a short follow-up period. Although
we described the feasibility and good short-term
outcomes with 2 different approaches, large-scale
studies with a long-term follow-up period are war-
ranted to show and verify the efficacy of brachioce-
phalic access.
CONCLUSIONS

We found that the brachiocephalic approach could be
safe and feasible for TAVR in cases in which TF access
is contraindicated. The most important factor when
considering the TAVR approach is personalized
tailoring of the access point to facilitate a successful
outcome.
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