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BACKGROUND: There has been increasing utilization of short-term mechanical circulatory support devices for a variety of
clinical indications. Many patients have suboptimal iliofemoral access options or reasons why early mobilization is desirable.
Axillary artery access is an option for these patients, but little is known about the utility of this approach to facilitate short-
term use for circulatory support with microaxial pump devices.

METHODS: The Axillary Access Registry to Monitor Safety (ARMS) was a prospective, observational multicenter registry to
study the feasibility and acute safety of mechanical circulatory support via percutaneous upper-extremity access.

RESULTS: One hundred and two patients were collected from 10 participating centers. Successful device implantation was
98% (100 of 102). Devices were implanted for a median of 2 days (interquartile range, 0-5 days; range, 0-35 days).
Procedural complications included 10 bleeding events and 1 stroke. There were 3 patients with brachial plexus—related
symptoms all consisting of C8 tingling and all arising after multiple days of support. Postprocedural access site hematoma
or bleeding was noted in 9 patients. Device explantation utilized closure devices alone in 61%, stent grafts in 17%, balloon
tamponade facilitated closure in 15%, and planned surgical explant in 5%. Duration of support appeared to be independently
associated with a 1.1% increased odds of vascular complication per day ([95% Cl, 0.0%-2.3%)] £=0.05).

CONCLUSIONS: Percutaneous axillary access for use with microaxial support pumps appears feasible with acceptable rates of
bleeding despite early experience. Larger studies are necessary to confirm the pilot data presented here.

GRAPHIC ABSTRACT: A graphic abstract is available for this article.

Key Words: axillary artery ® brachial plexus ® early ambulation ® left ventricular dysfunction ® percutaneous coronary intervention ® registries

circulatory support devices for short-term support

to facilitate increasingly complex percutaneous
coronary intervention (PCI) or as an acute bridge to
cardiac recovery, durable assist devices, or transplant
in the setting of cardiogenic shock or cardiac arrest.'
These devices are most commonly inserted using the
common femoral artery and a percutaneous modified

There has been increasing utilization of mechanical

Seldinger technique. However, this strategy has limi-
tations; most notably, these devices all require rela-
tively large-bore catheters for arterial access, and thus
patients with significant lower-extremity peripheral
vascular occlusive disease may experience ischemic
complications or may be unable to receive support
altogether. Additionally, femoral access requires per-
sistent bed rest among patients who may otherwise
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WHAT IS KNOWN

 Large-bore arterial access is not always feasible
from, or best suited to, the femoral artery.

* Percutaneous axillary access has been reported
in case reports and limited series, but systematic
evaluation of this access technique has not been
performed.

WHAT THE STUDY ADDS

* Large-bore percutaneous axillary access for inser-
tion of microaxial pumps may be feasible among
centers facile with this technology.

* The feasibility data presented here can serve as the
basis for developing a larger, more robust analyses
of this novel access technique.

Nonstandard Abbreviations and Acronyms

AHF acute heart failure

ARMS Axillary Access Registry to Monitor
Safety

PCI percutaneous coronary intervention

VARC Valve Academic Research Consortium

greatly benefit from in-hospital conditioning programs
and physical therapy.*

For placement via the upper-extremity vessels, the
standard technique is to perform surgical exposure of
the axillary artery and attach a conduit graft. Though not
a challenging surgical procedure, this process typically
requires the availability of an anesthesiologist, a surgeon,
and, ideally, a hybrid operating room with fluoroscopic
imaging capabilities. Conversely, a fully percutaneous
approach may facilitate more ready and rapid placement
in the standard catheterization laboratory and avoid the
need for surgical cutdown or anesthesia while retain-
ing the benefits of earlier patient rehabilitation. Histori-
cally, percutaneous axillary access has not been pursued
based on differences in anatomic complexity, perceived
inability to perform manual hemostasis, and luminal cali-
ber relative to the femoral artery.®

The most commonly utilized mechanical support
devices include intraaortic balloon pumps and the Impella
family of ventricular assist devices (Abiomed, Danvers,
MS). An intraaortic balloon pump typically requires a 7F
or 8F arterial access point, whereas the Impella 2.5 and
CP devices require 13F and 14F sheaths, respectively.
Axillary access for intraaortic balloon pumps is relatively
well described,%” and there is a growing body of literature
regarding percutaneous access of the axillary artery for
Impella support®'® but the global experience, particu-
larly for the Impella devices, remains small. We, therefore,
developed the Axillary Access Registry to Monitor Safety
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(ARMS)—a prospective multicenter registry—to study the
feasibility and acute safety of mechanical circulatory sup-
port via percutaneous upper-extremity access.

METHODS

The data that support the findings of this study are available
from the corresponding author upon reasonable request. ARMS
was a multicenter registry across 10 participating US centers
(see Appendix | in the Data Supplement for a list of partici-
pating centers and primary operators). Anatomic and proposed
technique considerations were standardized across participat-
ing centers through an in-person meeting before registry initia-
tion. A standardized data collection instrument was designed to
capture implant technique and choices, procedural efficacy, and
in-hospital safety (Data Supplement). The goal was to collect
data on 100 consecutive patients who underwent attempted
implantation of a percutaneous axillary microaxial pump sup-
port device (the Impella family of devices). There were no roll-
in patients, and thus the total experience of each center was
captured. Central case selection screening was not performed
and was at the discretion of the participating centers. A waiver
of consent was requested based on the deidentified and obser-
vational nature of the data collected and critical illness severity
of the patients undergoing mechanical circulatory support. All
participating centers obtained local institutional review board
approval before participation.

Data Capture and Analysis

Clinical outcomes of interest were predefined and entered into
case report forms by each participating center. Outcome defi-
nitions adhered to the Valve Academic Research Consortium
(VARC) criteria.!" All care was clinically indicated, and there
were no obligate laboratory or imaging data requested pre- or
post-procedure. Imaging results and outcomes were reported
and adjudicated by the individual sites based on the exploratory
nature of this study. Data elements of interest sought to explore
procedural techniques, as well as immediate and in-hospital
outcomes. Intraprocedural complications were defined as those
noted during the procedure or within 6 hours of completion of
the procedure. In-hospital complications were defined as aris-
ing between 6 hours post-procedure and hospital discharge or
death. Successful implantation was defined as percutaneous
access of the axillary artery followed by delivery of the intended
device across the aortic valve without the need for surgical
assistance or remediation. Patients were not censored for in-
hospital outcomes if they escalated support or transitioned to
a durable support device, and thus complications arising from
those procedures or surgeries were attributed to the axillary
pump implant. For the purposes of regression analyses, com-
posite vascular complications were defined as a combination of
access site blood loss requiring transfusion, hematoma >4 cm,
pseudoaneurysm, dissection, ischemic limb, unplanned access
site, or chest surgery of the subtended limb anytime during the
hospitalization.

Secondary analyses were performed by category of MCS
device indication. Shock with PCI, ischemic shock without
PCI, nonischemic shock, and decompensated heart failure
were considered as an acute heart failure (AHF) indica-
tion, whereas stable high-risk PCI, unstable high-risk PCI,
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electrophysiology procedures, and other indications were cat-
egorized as non-AHF.

The University of Washington served as the data collec-
tion center, and all data were stored via REDCap (Vanderbilt
University, Nashville, TN). This study was approved by the insti-
tutional review boards of all participating centers. Based on the
deidentified data submitted and observational nature of the
data, patient consent was not required. Data are reported as
meanzSD or median (25th to 75th percentile) as appropriate.
Continuous and integer data were compared using Student
t tests or Fisher exact test, respectively. To identify features
associated with vascular complications, univariate and multiple
regression models were designed a priori with covariates of
interest including age, sex, laterality, patient weight, and dura-
tion of support. Data were analyzed using Stata, version 15
(StataCorp, LLC, College Station, TX).

RESULTS

Ultimately, 105 patients were submitted to the registry
following attempted percutaneous axillary MCS device
implantation. Three cases were excluded for missing >560%
data, resulting in a cohort of 102 patients. Most implanted
devices were Impella CPs (84), whereas Impella 2.5 (14)
and Impella 5.0 (4) were less common. Successful device
implantation was 98% (100 of 102), with both unsuccess-
ful attempts occurring with the Impella 5.0 device.

Table 1 describes the patient population. Sixty-two per-

ARMS Registry

Table 2. Concomitant Procedures Performed With Micro-
axial Pump Insertion

Concomitant Procedures n
None 8
PCI 59
Right heart catheterization 51
Explant of another support device 15
Transcatheter aortic valve replacement/balloon aortic valvulo- 4
plasty

Insertion of right ventricular support or ECMO 5
Other 4

Other procedures included coronary angiography, temporary pacing, and car-
diac biopsy. ECMO indicates extracorporeal membrane oxygenation; and PCl,
percutaneous coronary intervention.

Table 3 describes the procedure planning details
including the rationale for laterality of device place-
ment and the methodology used for vessel assessment.
Devices were evenly distributed between the right and
left axillary arteries (52% right sided), and the most com-
mon reason for choosing left versus right axillary artery
was operator preference (63%). The most common
method of preimplantation vessel assessment was angi-
ography during the index procedure (76%) though many
patients were screened with multiple imaging modalities

cent of patients had inhospitable femoral artery access fable 3. Procedural Planning
as the rationale for axillary artery use, whereas the other Incidence
38% underwent axillary artery access irrespective of fem- Characteristic (1=102)
oral artery caliber and health. As demonstrated in Table 2, Right-sided access o4
multiple concomitant procedures were typically performed IREAETEL® (97 Eeeess St
during the index implantation. Most patients had at least 1 Patent internal mammary artery 5
additional arterial access point obtained during the index Presence of permanent pacemaker 2
procedure including from the femoral artery in 93 patients Angulation with the aorta 3
and from the radial or brachial in 25. Only 2 patients did Larger/less diseased vessel 12
not have a secondary arterial access point. Nondominant hand 9
Operator preference 67
Table 1. Demographics Other 7
Characteristic n=102 Preprocedural vessel assessment
Age, y 63.5t14 CTA 1
Men 74 Duplex ultrasound 1
Weight, kg 82.7£20.3 Angiography 76
Diabetes 51 IVUS 5
Indication for support Point-of-care ultrasound 17
Stable high-risk PCI 26 Other 2
Unstable high-risk PCI 16 Intraprocedural access guidance
Shock with PCI 14 Fluoroscopy of indwelling wire 94
Ischemic shock-no PCI 14 Ultrasound 56
Nonischemic shock 19 Fluoroscopy of bony landmarks 12
Decompensated CHF 4 Palpation 11
Other 9 Digital roadmapping 1

CHF indicates congestive heart failure; and PCI, percutaneous coronary
intervention.
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CTA indicates computed tomographic angiography; and IVUS, intravascular
ultrasound.
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but only 2 patients underwent assessment before their
index procedure (1 computed tomographic angiography
and 1 duplex ultrasound).

Implantation technique varied slightly between
operators and over time. Nineteen patients under-
went primary access via an infrapectoral needle
approach (within the true axilla), whereas the remain-
der underwent a transpectoral approach (Figure). The
transpectoral approach (with access roughly akin to
the positioning of a permanent pacemaker pocket)
was exclusively used at 8 of the 10 implanting centers
and was ultimately adopted at the remaining 2 enroll-
ing centers. Intraprocedural access guidance is listed
in Table 3. Devices were implanted for a median of 2
days (interquartile range, 0-5 days; range, 0-35 days).
There were significant differences in the duration of
implantation by indication. The 51 patients receiving
devices for AHF had a median implant time of 4 days
(interquartile range, 2-7), whereas the 51 patients with
non-AHF indications had a median implant duration of
0 days (interquartile range, 0—1).

Procedural complications are listed in Table 4. Of all
attempted implants, 85 had no reported intraprocedural
complications. There were no cases of access-related
deaths, lost vascular access, pneumothorax, or acute
distal vessel occlusion/ischemic limb. One patient had
an embolic stroke confirmed by brain imaging. The most
common complication involved VARC minor bleeding: 10
cases (10%) reported hematoma, track bleeding, ecchy-
moses, or bleeding requiring transfusion. There were
no cases of VARC major or life-threatening bleeding.
There were no significant differences in rates of proce-
dural complications by access site (infrapectoral versus

Figure. lllustration of options regarding access point for
percutaneous axillary artery access.

Catheter A traverses the pectoralis minor muscle from the anterior
chest before entering the vessel. Catheter B runs lateral and inferior
to the pectoralis muscles from the anterior axilla.
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Table 4. Procedural Complications

Complication Incidence (n=102)

None 85

Access site hematoma, bleeding 10

Distal vessel occlusion/ischemic hand

Vascular injury

Pneumothorax

Access-related death

Device migration requiring repositioning

Unsuccessful implant

0
1
0
Stroke 1
0
1
2
1

Other

transpectoral, P=0.59) or by AHF indication (AHF versus
non-AHF, £~=0.43).

Of the 100 successfully implanted devices, 756 were
explanted. Among patients with explanted devices, 60
recovered native function, while 8 went on to a durable
left ventricular assist device, 6 transitioned to a different
circulatory support device, and 1 received a total artificial
heart. Techniques for explant included use of a primary
closure device in 46 patients (619%) but also included
stent graft implantation in 13 patients (17%), balloon
tamponade with closure device or manual compression
in 11 patients (156%), and planned surgery in 4 patients
(5%). One device was explanted following mechanical
failure with a second device reimplanted through the
same access. There were no unplanned surgical explants.
There was high variance between centers in stent graft
use ranging from 0% to 47% among their respective
explanted patients. Excluding the highest frequency stent
graft center (9 of 19 explants), stent grafts were used in
7% of explanted patients (4 of 56). Among the vascular
closure device population, most scenarios involved 2 Per-
close ProGlide sutures (Abbott Vascular, Santa Clara, CA).
Eight patients received Angioseal devices (Terumo, Som-
erset, NJ) in combination with Perclose(s), and 1 received
a ProStar XL device (Abbott Vascular, Santa Clara, CA).

Table 5 describes in-hospital outcomes. Forty-six
patients (44%) had an in-hospital complication including
in-hospital mortality in 30 patients (30%). There were 9
patients who had late access site bleeding or hematomas
consistent with VARC minor bleeding. Three patients had
complaints attributable to the brachial plexus (all were
sensation changes in the C8 dermatome arising late in
the hospitalization; 2 resolved at follow-up and 1 patient
was lost to follow-up). Four patients had a stroke during
the index hospitalization, and 1 had a transient ischemic
attack; 1 patient had a clinically silent pseudoaneurysm
of the axillary artery following explant (which underwent
thrombin injection), and 1 had occlusion of the axil-
lary artery and ischemic hand symptoms during explant
requiring balloon angioplasty of the distal axillary artery.
Significant differences in in-hospital complications were
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Table 5. In-Hospital Complications

In-hospital outcomes n=102

Access site blood loss requiring transfusion

Hematoma >4 cm

Overt neurological complaints

Axillary compartment syndrome

Pseudoaneurysm

Ischemic hand requiring intervention

Stroke or TIA

Sepsis

Acute kidney injury

Intracranial hemorrhage

Hemolysis

Cardiogenic shock post-explant

6
3
3
0
1
1
5
Unplanned surgery of access site/arm 0
4
2
2
2
1
8

Other

Death (percentage of population) 3

Stable high-risk PCI

0

Unstable high-risk PCI 2
Shock with PCI 5
Ischemic shock-no PCI 9
7

1

6

Nonischemic shock

Decompensated CHF

Other

CHF indicates congestive heart failure; PCI, percutaneous coronary interven-
tion; and TIA, transient ischemic attack.

noted by indication. All 4 nonprocedural strokes were in
the AHF cohort (8% versus 0%; P=0.04), and rates of
in-hospital mortality were also significantly greater in the
AHF cohort (43% versus 16%; FR<0.01). Bleeding and
plexopathy complaints were not significantly different
between the two cohorts. The proportion of right- ver-
sus left-sided access was not different between the AHF
and non-AHF populations (49% versus 51%; P=0.69),
and there were no differences in overall procedural com-
plications, vascular complications specifically, or in-hospi-
tal adverse events by access side (P=0.24, P=0.95, and
P=0.43 for right versus left arm, respectively).
Regression analyses were performed to evaluate
patient and procedural factors associated with vascu-
lar complications. In univariate analysis, only duration of
implant was significantly associated with in-hospital vas-
cular complications (1.2% increase per day; P=0.03). After
adjusting for patient age, sex, weight, and access laterality,
duration of implant was associated with a 1.1% increased
odds of vascular complications per day, though it was of
borderline significance ([95% Cl, 0.0%-2.3%] ~=0.05).

DISCUSSION

The ARMS was a prospective, observational, multicenter
registry designed to explore the feasibility and safety of
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percutaneous axillary access for short-term mechanical
circulatory support with microaxial pump devices. Our
data represent the largest real-world registry to date and
suggest that (1) among centers with robust preexisting
knowledge of large-bore access, percutaneous implan-
tation and explantation maybe feasible with high rates
of technical success despite reflecting the initial learn-
ing experience in this vascular territory and (2) rates of
vascular complications and bleeding may be acceptable
within the context of previously published large-bore per-
cutaneous access complication rates.'>'®

Vascular injury and bleeding are the most frequent
complications and the principal concerns inherent to
short-term circulatory support based on the large sheath
sizes required, indwelling nature of the catheters, reg-
uisite anticoagulants, and relatively high incidence of
concomitant peripheral arterial disease. Prior analyses
of all nondurable circulatory support systems have sug-
gested that the incidence of vascular complications and
bleeding may be as high as 25.8% of all patients' while
rates of vascular complications following large-bore
femoral access for structural heart indications have con-
sistently been 5% to 16%."3'* In this context the 10%
rate of VARC minor bleeding reported in this article may
be considered reasonable, particularly given the early
experiences captured here. The use of stent grafts to
establish hemostasis, however, was higher than antici-
pated. There were significant differences in rates of stent
graft use among centers, and lower thresholds for use
can be seen in the axillary artery compared with femo-
ral access since the first segment of the axillary does
not cross a true joint space. Nevertheless, given the
unclear durability of stent grafts in the axillary artery, they
should likely be considered only as a bailout strategy. It
is unclear whether more routine adoption of ultrasound-
guided access, which was used in only 55% of the cases
reported here but is generally considered best practice,
might further reduce vascular complication rates or stent
graft usage in this population.

Much remains unknown about percutaneous axillary
access and that was reflected in our registry. There are
no available data to guide the choice or left- versus right-
sided access. As such, more often than not the decision
regarding laterality was driven by operator preference.
Practically speaking, the access site choice may dictate
changes in room setup to facilitate operator ergonom-
ics. It is thus interesting that so few patients underwent
a preprocedural vascular assessment (1 patient under-
went computed tomographic angiography and 1 under-
went duplex ultrasound), which may reflect the urgent or
potentially unexpected nature of these cases. Questions
regarding the benefits of right versus left axillary access
remain germane since prior data regarding transcatheter
aortic valve replacement suggest the incidence of stroke
following any axillary access (surgical or percutaneous)
may be elevated,'® and there are obvious differences in
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the respective conduit great vessels (eg, the innominate
also provides the right common carotid artery and right
vertebral, whereas the left subclavian provides only the
vertebral, but the device needs to traverse more of the
aortic arch). Within our cohort, there was 1 reported
stroke within 6 hours of the index procedure and 5 in-
hospital cerebral vascular events in total, though the
complex nature of these patients’ hospitalizations makes
interpretation of the in-hospital events difficult.

Of course, the indwelling nature of microaxial pumps
creates specific challenges in regard to vascular access
when compared with transcatheter aortic valve replace-
ment. Within our dataset, the median duration of device
implantation was 2 days with the longest device in place
for 3b days. And, in fact, only duration of implantation
appeared to be associated with in-hospital vascular
complications or bleeding; however, these data should
be considered hypothesis generating and based on a
limited number of patients and events. It is also impor-
tant to recognize that the timing of the vascular com-
plication was not recorded, only that it occurred. Thus,
it is possible that vascular complications could lead to
longer device dwell times rather than vice versa. Never-
theless, prior single-center data have also drawn a link
between the duration of implantation and the forma-
tion of laminar thrombus in the axillary artery.'® Taken
together, there may be a correlation between adverse
events and the duration of axillary device dwell time
though causality can not be inferred.

Our overall rates of brachial plexus complaints were
<3%. Interestingly, these findings are contrary to a pre-
vious report in the setting of endovascular procedures
that cited neurovascular complication rates of up to
24% in cases when percutaneous axillary access was
obtained. At the time, these data resulted in the near-
complete abandonment of percutaneous axillary artery
access.'” The difference in rates of neurovascular com-
plications may be explained by our concerted effort to
move more proximal with our arteriotomy site, in line
with the first or second portion of the artery. Previously,
the predominant method used for percutaneous axillary
access was via the true axilla with the arm abducted
and access site targeted along the deltopectoral grove,
which often resulted in access in the third portion of the
vessel, and in some instances may have in fact been
in the proximal brachial artery itself, both of which are
encompassed by the brachial fascial sheath and as
such much less tolerant of any extravasation. It is also
important to note the location of the brachial plexus with
respect to the axillary artery changes along the course
of the artery. The artery is surrounded by brachial plexus
structures in the third portion of the artery, while the
first and second portions of the vessel are completely
devoid of any neural structures along its anterior sur-
face. Furthermore, it is possible that secular changes
in best practices for large-bore access, including the
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routine use of ultrasound guidance and more uniform
use of vascular closure devices, may have lead to more
optimal access and effective hemostasis.

The axillary artery is known to have a number of his-
tological differences when compared with the femoral
artery; specifically, it has more elastic lamina in its media
as opposed to smooth muscle cells and lacks a fibrous
adventitia.’® The instances of brachial plexus complaints
in the registry may be related to these differences inso-
far as they may contribute to distention and subclini-
cal extravasation from the arteriotomy site. Subclinical
hematoma within the brachial fascial sheath—a structure
that encompasses the artery, vein, and brachial plexus—
could lead to compression of the nerve, which would
be in keeping with our findings of late brachial plexus
complaints that seem to resolve over time. Alternatively,
the C8 nerve complaints could have occurred from inad-
vertent through and through arterial punctures since the
posterior cord of the brachial plexus supplies the median
nerve and frequently runs directly underneath the axillary
artery. However, the timing of the plexus complaints was
not consistent with injury during implantation.

This analysis needs to be considered within the con-
text of several limitations. The ARMS registry was a pilot
analysis of the feasibility of percutaneous axillary access
as such we did not perform independent adjudication of
procedural success or adverse outcomes, which were
self-reported by each center. Furthermore, angiographic
core laboratory review and postprocedural axillary artery
imaging were not required. Additionally, since our focus
was on the immediate technical success and safety of
percutaneous axillary access and closure, we did not
collect outcomes beyond the index hospitalization. We
also did not collect detailed information regarding demo-
graphics, medical history, or associated procedures (eg,
target revascularization vessels). And, though these data
represent the early learning curve at each center, all par-
ticipating centers were well versed in large-bore access
and had robust mechanical circulatory support programs.
Thus, our data should not be generalized to all institu-
tions and operators. Finally, as this was an exploratory
pilot study, the decision to enroll 100 patients was based
on historical precedent'® rather than power calculations
around a particular outcome.

CONCLUSIONS

Percutaneous large-bore access for indwelling support
devices such as the Impella family of pumps is a complex
and evolving field. As demonstrated in this ARMS data-
set, the complexity of such patients is often exceedingly
high, and devices may be left in place for prolonged dura-
tions. We have demonstrated that percutaneous large-
bore axillary access has a feasibility and safety profile
that is consistent with standard femoral access and can
be considered as an option to facilitate support when
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required. However, larger and more rigorous studies will
be necessary to build upon the data presented here.
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