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Abstract

The use of extracorporeal membrane oxygenation (ECMO)
in critically ill patients has been on the rise in recent years.
While ECMO has provided substantial benefit to patients
who need cardiopulmonary support, its required use of
large-bore catheters in major blood vessels often precludes
the use of other transcatheter therapies. In this article,
we demonstrate that two transcatheter procedures, Angio-
Vac right-sided cardiac thrombus removal and Micra lead-
less pacemaker placement, both requiring large bore access,
can both be safely and effectively implemented in patients
who are dependent on ECMO to maintain cardiopulmonary
function.
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Introduction

Extracorporeal membrane oxygenation (ECMO) is a
life sustaining procedure that allows for continuous oxy-
genation and circulatory support for critically ill patients.
These patients are often complex, with several patholo-
gies requiring invasive therapies to maintain homeosta-
sis. ECMO, while necessary for many patients needing
cardiovascular support, requires the placement of large
catheters in several of the major blood vessels, which can
preclude the use of other intravascular procedures. Here,
we present the case of a man who underwent mechani-
cal thrombectomy using AngioVac C20 cannula (AngioDy-
namics, Latham, NY, USA) for thrombus removal from the
right ventricle, as well as Micra transcatheter leadless pace-
maker (MedTronic, Minneapolis, MN, USA) placement,
both through the left femoral vein, while concurrently can-
nulated with a 21 Fr right internal jugular catheter and a
23Fr right femoral venous catheter for veno-venous (VV)
ECMO.

Case Report

The patient was a 35-year-old man with respiratory
failure secondary to coronavirus disease (COVID-19) pneu-
monia. He was initially treated with a course of dexametha-
sone and baricitinib, but due to worsening hypoxemia un-
derwent endotracheal intubation. Despite mechanical ven-
tilation and high positive end expiratory pressure, his hy-
poxemia continued to worsen with evidence of acute res-
piratory distress syndrome (ARDS). Subsequently, chest
X-ray revealed pneumomediastinum, subcutaneous emphy-
sema, and a small right pneumothorax. The patient was
initiated on VV ECMO with catheterization of the right
femoral vein with a 23 Fr catheter for drainage and right
internal jugular vein with a 21 Fr catheter for return. A
heparin infusion with a goal of an activated partial throm-
boplastin clotting time (aPTT) of 60–80 seconds was ini-
tiated for ECMO anticoagulation, which was changed to
bivalirudin with the same aPTT goal for long-term anti-
coagulation 5 days after initiation of VV ECMO due to
severe thrombocytopenia and the suspicion of heparin in-
duced thrombocytopenia. During his course in the hospi-
tal, he developed several episodes of sinus bradycardia and
complete heart block causing profound hypotension requir-
ing the insertion of a temporary venous pacemaker. Due
to intermittent capture, it was determined that the tempo-
rary pacemaker would need to be replaced with a perma-
nent transcatheter leadless pacemaker (Micra AV) or a tra-
ditional screw in lead as a possible alternative. Given the
need for additional venous access and the potential of infec-
tious issues associated with a traditional screw in lead, the
placement of a leadless pacemaker was chosen. In addition,
thrombus was found on trans-esophageal echo in the right
ventricle as well as adhered to the ECMO circuit. Despite
increase in dosing of bivalrudin to a goal aPTT of 120–140
over the course of a week, the thrombi failed to resolve.
Due to the mobility of the thrombus in the right ventricle
and the potential for embolization, AngioVac removal and
circuit replacement was completed at the time of pacemaker
placement. This procedure occurred 22 days after initiation
of VV ECMO.
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Fig. 1. Fluoroscopic imaging during procedure. (A) Fluoroscopic imaging of AngioVac and venous circuit of ECMO in the inferior
vena cava simultaneously. (B) Fluoroscopic imaging of transcutaneous leadless pacemaker positioned in the right ventricle. ECMO,
Extracorporeal membrane oxygenation.

The patient was placed under anesthesia and the left
common femoral vein was accessed using an 8 Fr sheath.
Heparin was administered to reach activated coagulation
time (ACT) greater than 250, at which point the sheath
was removed and the left femoral vein was closed using
two Perclose ProGlide (Abbott Laboratories, Chicago, IL,
USA) sutures in a “preclose” fashion. The left femoral
vein was then dilated to accommodate a 26 Fr Gore Dry-
Seal sheath under fluoroscopic guidance. A wire was then
used through this sheath to insert the AngioVac cannula
alongside the ECMO cannula, as seen in Fig. 1A. In or-
der to maintain the ECMO circuit, a Y connector was used
to attach the return catheter from the AngioVac system into
the venous return of the ECMO circuit. This application
was performed with a short pause in the ECMO circula-
tion. This allowed the AngioVac and ECMO pumps to run
in series, with the ECMO pump adequately regulating and
maintaining blood flow at approximately 3 liters. In or-
der to accommodate both the AngioVac cannula and the
ECMO cannula in the right atrium, the ECMO cannula was
pulled back to the level of the diaphragm. The AngioVac
was then guided across the tricuspid valve using fluoro-
scopic and trans-esophageal echocardiography (TEE) guid-
ance, at which point the thrombus was extirpated from the
right ventricle, with a small amount of thrombus remain-
ing adhered to the apex after several passes. The AngioVac
cannula was then withdrawn, with the return attaching this
circuit to the ECMObeing clamped, restoring venous return
from the original right femoral 23 Fr catheter. The DrySeal
sheath was then removed and replaced with a Medtronic 27

Fr sheath to provide a longer sheath for delivery of the lead-
less pacemaker to the right ventricle. The Micra device was
then deployed on the right ventricular septum by crossing
the tricuspid valve. Initial placement failed to achieve cap-
ture, but repositioning lower on the septum wall resulted in
adequate capture threshold. The device was then released
and the catheter was removed. The final deployment loca-
tion of this device can be seen in Fig. 1B. Since the venous
ECMO catheter had to be pulled back in order to accommo-
date the DrySeal sheath and due to clot within the circuit,
the decision was made to switch to a new circuit and can-
nulas. This was done by attaching a 19 Fr arterial cannula
to the circuit and placing it through the Medtronic sheath,
which allowed for wire access through the right femoral
system in order to place a new 23 Fr venous ECMO can-
nula without disrupting the ECMO flow. The Y connec-
tor allowed for continuous VV support while the original
femoral venous cannula was replaced by replacing the An-
gioVac circuit with a 19 Fr arterial cannula placed inside the
27 Fr Medtronic cannula as a temporary drainage cannula.
The 27 Fr cannula was then removed and flow on the new
circuit was brought back up to normal without issue. Total
procedure time was 3.5 hours, and the patient was placed
on bivalirudin with a goal aPTT of 70–90 seconds for post-
surgical anticoagulation. The patient continued to have a
complicated hospitalization course, but experienced com-
plete resolution of his intermittent heart block and gradually
regained pulmonary function. He was successfully weaned
off of ECMO seven days later and was discharged from the
hospital 40 days after admission. On discharge, he was able
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to ambulate independently after an additional three weeks
of supplemental oxygen and continued anticoagulation with
warfarin for 10 months due to chronic deep vein thrombosis
(DVT). His ejection fraction was mostly preserved at 45–
50% at time of follow up seven months after discharge with
restoration of normal intrinsic rhythm.

Discussion

This case demonstrates the transcatheter placement of
a leadless pacemaker, as well as the use of the AngioVac
system to remove a right venous thrombus can both be suc-
cessfully achieved while the patient is concurrently treated
with VV ECMO.

Leadless Catheter Implantation with Concurrent ECMO

The Micra transcatheter pacemaker system represents
a great advancement in the care of complete heart block.
Patients who are candidates for intravascular pacemaker
implantation typically would require a pacemaker to be
surgically implanted subcutaneously with transvenous lead
placement. These implanted leads are the major source of
complications such as infection, hematoma, pericardial ef-
fusion/tamponade, pneumothorax, and coronary sinus dis-
section [1]. Leadless pacemaker systems were designed
to reduce the complications associated with both subcu-
taneous device implantation as well as transvenous lead
placement [2]. While there are substantial advantages to
leadless pacemaker systems, the concurrent presence of a
large bore catheter in the vena cava, such as in a patient on
VV ECMO, complicates its placement as the Micra tran-
scatheter pacemaker must travel through the vena cava to
reach the right ventricle. This is an uncommon procedure,
although a recently published case report describes a simi-
lar method to the one reported here [3]. In this case, both a
23 Fr cannula and a 27 Fr sheath were present in the vena
cava simultaneously, as depicted in Fig. 2. Despite the use
of two large bore devices in the vena cava, the patient expe-
rienced no complications related to this procedure and cap-
ture was achieved. There were no issues with deployment of
the delivery sheath or positioning of the pacemaker. In ad-
dition, placement of leadless pacemaker allowed freeing up
of a potential access site in this patient, who required multi-
ple venous lines including dialysis access, central lines and
ECMO cannulas. This can be problematic in critically ill
patients in the ICU.

AngioVac Use with Concurrent ECMO

The COVID-19 pandemic has resulted in a large in-
crease in the utilization of VV ECMO for the treatment of
respiratory failure [4]. With an increase in use, however,
has come an increase in reporting of thrombotic events.
These thrombotic events are one of the major causes of

Fig. 2. The common pathway of the ECMO circuit and of the
pacemaker to the right ventricle.

mortality in patients on ECMO [5]. In addition, COVID
infection itself tends to be a prothrombotic state [6]. The
treatment of ventricular thrombus in patients on ECMO is
complex, and there are currently no guidelines available [7].
The AngioVac system is an extracorporeal circuit system
which is intended for the removal of fresh, soft thrombi or
emboli. This system provides an ideal solution for the treat-
ment of thrombi in patients who are on ECMO, as throm-
bolytic therapy increases the risk of bleeding, which is al-
ready a leading cause of mortality in this patient population
[8]. The AngioVac provides suction through a 22 Fr coil re-
inforced aspiration cannula. A centrifugal pump withdraws
blood and thrombi from the body, which are then passed
through a blood filter and returned to the patient through a
reinfusion cannula. In this patient, the standard venous re-
turn for the AngioVac circuit was connected to the ECMO
circuit, allowing for continuous oxygenation while the right
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ventricular thrombus was being removed and thus avoiding
an additional venous access. Similar to the leadless catheter
implantation, however, this also required working around
the 23 Fr ECMO cannula. A detailed graphical representa-
tion is depicted in Fig. 3.

Fig. 3. AngioVac system run in series with ECMO circuit.

Modifications to the AngioVac device to include an
oxygenator in the extracorporeal circuit have been de-
scribed in the literature [9–11], although this represents a
novel use of the AngioVac system to temporarily replace
the venous component of a preexisting ECMO circuit in-
traoperatively. A similar use to the one described here has
been achieved previously, although this represents the first
reported case in which this method was used to treat throm-
bosis in an adult, and the second overall in which the patient
survived to discharge from the hospital [12,13].

Conclusions

This case demonstrates that the presence of a large
bore femoral venous cannulation, such as VV ECMO,
should not be considered a contraindication to the use
of other large bore intravenous treatment modalities such
as transcatheter pacer placement and use of mechanical
thrombectomy devices such as the AngioVac system. Sim-
ilarly, this case demonstrates that the AngioVac system can
be incorporated into an existing circuit for with VV ECMO
with only minor modification to the original circuit.
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