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Abstract

Background: The approach for veno-arterial extracorporeal membrane oxygenation implantation (VA-ECMO) in
patients with cardiogenic shock can be either surgical or percutaneous. Complete angio-guided percutaneous
implantation and explantation could decrease vascular complications. We sought to describe the initial results of
complete percutaneous angio-guided ECMO implantation and explantation using preclosing.

Methods: All consecutive patients who underwent peripheral femoro-femoral VA-ECMO percutaneous implantation
for refractory cardiogenic shock or cardiac arrest were enrolled in a prospective registry (03/2018-12/2020). Percuta-
neous preclosing using two closing devices (Perclose ProGlide, Abbott) inserted before cannulation was used in both
femoral artery and vein. Explantation was performed using a crossover technigue under angiographic guidance. The
occurrence of vascular complication was recorded.

Results: Among the 56 patients who underwent percutaneous VA-ECMO implantation for cardiogenic shock or
refractory cardiac arrest, 41 underwent preclosing. Femoral vessel cannulation was successful in all patients and
total cannulation time was 20 (10-40) min. Weaning from ECMO was possible in 22/41 patients (54%) and 12 (29%)
patients were alive at day 30. Significant vascular complications occurred in 2/41 patients. Percutaneous decannula-
tion was performed in 20 patients with 19/20 technical success rate. All femoral arteries and veins were properly
closed using the pre-closing devices without bleeding on the angiographic control except for one patient in whom
surgical closure of the artery was required. No patient required transfusion for access related significant bleeding
and no other vascular complication occurred. Furthermore, no groin infection was observed after full percutaneous
implantation and removal of ECMO.
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Conclusion: Emergent complete percutaneous angio-guided VA-ECMO implantation and explantation using pre-
closing technique can be an attractive strategy in patients referred for refractory cardiogenic shock.

Keywords: ECMO, Percutaneous cannulation, Closure device, Cardiac arrest, Cardiogenic shock

Introduction

Cardiogenic shock is a dramatic complication of both
ischemic and non-ischemic heart failure. Its outcome is
poor, with a mortality rate of 30-60% depending on the
etiology [1-3]. The initial treatment relies on inotropic
therapy to increase the cardiac output [4—6]. However,
this treatment will fail in a non-negligible number of
patients, leading to refractory cardiogenic shock. Veno-
arterial extracorporeal membrane oxygenation (VA-
ECMO) has been described as an attractive strategy for
the support of cardiogenic shock but also for the support
of cardiac arrest [7-9]. It can be implanted trough sur-
gical or percutaneous approach [10, 11]. Due to the sys-
tematic use of echo-guiding for cannula insertion and to
the improvement of techniques, percutaneous approach
is increasingly used for cannulation and may be associ-
ated with a lower risk of vascular complication, namely
limb ischemia or hematoma [11]. Angiographic guidance
helps to monitor wires and cannulas progression in the
vessels and might further increase the success rate and
the safety of implantation.

Regarding removal, surgical femoral cutdown is con-
sidered as standard practice but frequently associated
with severe complications such as hemorrhage, delayed
wound healing and infections [11, 12]. Other techniques
such as manual compression or post-closing using clos-
ing devices have been described but none of these are
ideal [10, 11, 13-15]. Hence, decannulation remains at
risks of complications because of the lack of standard-
ized approach. The preclosing technique using Perclose
ProGlide® (Abbott® Chicago, Illinois, United States), has
been widely used for closing in endovascular procedures,
with similar complications rate as compared to surgi-
cal access and closure [16]. In transcatheter aortic valve
replacement (TAVR), preclosing is usually combined with
a routine crossover technique to ensure the proper clo-
sure of the access site [17]. It provides a high success rate
and is associated with a significant reduction in major
vascular and bleeding complications. This preclosing and
crossover technique may enable a complete percutaneous
approach for VA-ECMO implantation and explantation
which could decrease the risk of vascular complications
in these high-risk patients.

Thus, we aimed to describe the initial results of a com-
plete percutaneous angio-guided approach using preclos-
ing for ECMO implantation and explantation in patients
referred for cardiogenic shock or cardiac arrest.

Methods
Study design and population
All consecutive patients admitted at Henri-Mondor
University Hospital (Créteil France) and supported with
percutaneous VA-ECMO for refractory cardiac arrest
or refractory cardiogenic shock from March 2018 to
December 2020 were included in a monocentric pro-
spective observational registry. All patients’ data and
outcomes were analyzed with a special focus on the sub-
group of patients who underwent a preclosing procedure.
Study protocol was approved by Henri Mondor Uni-
versity Hospital’'s ethics committee (registration code
n°1778041).

Percutaneous preclosing and angio-guided cannulation
procedures

ECMO was implanted in the cardiac catheterization
laboratory under angiographic guidance for all patients.
All procedures were performed by senior interventional
cardiologists trained to echo-guided vascular punc-
ture, preclosing and large bore access. All patients were
mechanically ventilated and sedated except two, in whom
sedation and local anesthesia were performed.

The common femoral artery and femoral vein were
punctured under ultrasound guidance using the Seld-
inger’s technique. The position of the wires (in the aor-
tic root and the superior vena cava) was verified using
angiography. A preclosing technique using two Perclose
ProGlides® (Abbott®, Chicago, Illinois, USA) was per-
formed before cannulation in both the femoral artery and
the femoral vein, as previously described [18]. Then, after
preparation with adequate dilatators, femoral vessels
were cannulated over a stiff wire (Amplatz Super Stiff®,
Boston Scientific®, Marlborough, Massachusetts, USA)
under angiographic guidance to confirm the position-
ing of the wires and the progression of the cannulas. A
23 cm length 17-19 Fr arterial cannula (Maquet® Rastatt,
Germany) (17 or 19 Fr depending on the patient’s mor-
phology) was inserted in the common femoral artery and
a 55 cm 23 Fr venous cannula (Maquet®, Rastatt, Ger-
many) was inserted into the femoral vein. The venous
cannula was advanced to the right atrium under angio-
graphic guidance. An additional anterograde perfusion
line (6 Fr sheath, Terumo®, Shibuya, Tokyo, Japan) was
systematically inserted into the superficial femoral artery
under ultrasound guidance (usually before the inser-
tion of the arterial cannula) and “y” connected to the
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arterial cannula to reduce the risk of limb ischemia [19].
The ProGlides® threads were carefully separated, coiled
around a compress and an occlusive dressing was made.
In refractory cardiac arrest, the cannulation was organ-
ized to be as fast as possible; therefore, as soon as the
ECMO circuit was primed, the cannulas were inserted
and the ECMO started. In those patients, distal perfusion
line insertion and preclosing could be performed during
priming but in a few patients (mostly the first ones), pre-
closing was not performed and distal perfusion line was
inserted after ECMO initiation.

Cannulation time was defined as the time between the
first puncture and the start of ECMO support.

Angio-guided percutaneous decannulation procedure
Once ECMO removal criteria were fulfilled in the inten-
sive care unit, decannulation was performed percutane-
ously in the cardiac catheterization laboratory under
angiographic guidance. After switching the ECMO off
and clamping the lines, a 14- or 16-Fr dilator (fitting the
internal diameter of the 17-Fr or 19-Fr arterial cannula)
was inserted with a 0.035” J-shaped Starter guidewire
(Boston Scientific®, Marlborough, Massachusetts, United
States). The contralateral common femoral artery was
punctured and the crossover balloon occlusion technique
was used to enable a safe decannulation as previously
described [17]; briefly, a peripheral balloon (8—12 mm
diameter depending on common femoral or external
iliac size) was inserted through a crossover sheath and
inflated at low pressures (0.5 atm) in the common femo-
ral or external iliac artery to allow a non-traumatic occlu-
sion of the vessel. Then, the arterial cannula was removed
and the knots were tightened. Balloon occlusion allowed
the operator to tight the knots with the knot pusher with-
out bleeding. The balloon was then deflated and an angi-
ography was performed through the crossover sheath to
ensure the proper closing of the artery and the absence
of complications. In case of incomplete closure, and
depending on the importance of the bleeding, the ret-
rograde wire inserted through the cannula allowed the
use of an additional closing device (Perclose ProGlide®,
Abbott®, Chicago, Illinois, United States and/or Angio-
Seal®, Terumo®, Shibuya, Tokyo, Japan), while the ret-
rograde wire (crossover) allowed balloon angioplasty or
covered stent implantation. After complete hemosta-
sis, the guidewires were removed, the knots were tight-
ened again, and the reperfusion and contralateral access
sites were closed with 6- and 8-Fr Angio—Seal® devices,
respectively (Terumo® Shibuya, Tokyo, Japan).

For the removal of the venous cannula, the latter was
pulled out and the knots were tightened. In case of per-
sistent bleeding, a figure-of-eight-suture was performed
to complete the hemostasis.
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Outcomes

Access-related complications included vascular compli-
cations defined as peri-procedural bleeding at the sites of
cannulation or the sites of puncture with a drop in hemo-
globin level of at least 3.0 g/dL and/or requiring transfu-
sion (3 units of packed red blood cells) [20], acute lower
limb ischemia, arterial or vein thrombosis requiring per-
cutaneous or surgical intervention and arterial dissection,
and, groin infection. These access related complications
were recorded and separated between complications dur-
ing implantation and support with ECMO, and complica-
tions after explantation.

Percutaneous decannulation technical success was
defined as successful arterial and vein closure without
access-related complications or necessity of adjunctive
surgical or endovascular procedures.

Statistical analyses

Quantitative variables are reported as median (mini-
mum-maximum). Qualitative variables are presented
as absolute value and percentage. Continuous variables
were compared using Mann—Whitney test. Significance
was defined as p<0.05. Excel software was used for all
data analyses.

Results

Population

Between March 2018 and December 2020, 56 patients
were treated with percutaneous VA-ECMO in the car-
diac catheterization laboratory for refractory cardiogenic
shock or cardiac arrest. Among these 56 patients, in 41
preclosing was performed (Flowchart in Fig. 1). The base-
line characteristics of these 41 patients of are presented
in Table 1.

The 15 patients with no preclosing performed were the
first patients with refractory cardiac arrest or severe cir-
culatory failure and ECMO already primed in whom we
feared that preclosing might delay ECMO initiation. The
baseline, procedural characteristics, and outcomes of the
whole population and of patients without preclosing are
presented in Additional file 1: Table S1.

The median age of the 41 patients with preclosing was
61 years (27-76) and 73% were male (n = 30). Fifteen had
diabetes mellitus (36.5%) and 21 had a history of hyper-
tension (51.2%). Of the 41 patients, 5 were referred for
refractory cardiac arrest and 36 for cardiogenic shock
(following successfully resuscitated cardiac arrest in 19).
In patients with successfully resuscitated cardiac arrest,
the durations of no flow and low flow were 1 (0-15)
minutes and 15 (1-55) minutes, respectively, while in
patients with refractory cardiac arrest, they were 1 (0-1)
minutes and 55 (30-70) minutes respectively. Of the 41
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Percutaneous ECMO implantation
n=56

Pre-closing
n=41

No pre-closing
n=15

Table 1 Patients’ with preclosing
characteristics
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baseline and procedural

l l

Explantation Explantation

n=22 n=4
Percutaneous Surgical Surgical
explantation explantation explantation

n=20 n=2 n=4

Fig. 1 Flowchart of patients with percutaneous implantation of
ECMO according to the presence of pre-closing

patients, 18 patients underwent attempted percutaneous
coronary intervention. The etiology of cardiogenic shock
or cardiac arrest was myocardial infarction (n=23),
decompensation of a pre-existing cardiac disease (n=9),
fulminant myocarditis (n=4), aortic dissection (n=2),
pulmonary embolism (rn=1), Tako-Tsubo syndrome
(n=1) and of unknown cause (n=1). In patients with
spontaneous circulation, the LVEF at the time of ECMO
implantation was 15% (5-55). Admission Sequential
Organ Failure Assessment (SOFA) score was 10 (3-15).

ECMO implantation and outcomes

Both arterial and venous cannula were successfully
implanted in all 41 patients (Table 1). Distal perfusion
line was implanted in 40 patients. Preclosing was suc-
cessfully performed in all 41 patients (Fig. 1).

Cannulation time was 20 min (10-40) and was not sig-
nificantly different among patients with or without pre-
closing (p=0.73).

Twenty-two of the 41 patients (54%) were weaned
from ECMO support at 6 days (2-19) and 12 patients
were alive at day 30 (29% of all patients, 60% of patients
weaned from ECMO) (Table 2). A major vascular compli-
cation related to ECMO implantation occurred in 2 out
of 41 patients and was related to distal perfusion line in
both (limb ischemia related to self-removal of the reper-
fusion line and one hemorrhage related to failure of distal
perfusion line insertion).

Baseline characteristics n=41
Age (years) 61 (27-76)
Male [n (%)] 30
Weight (kg) 71 (52-110)
Height (cm) 172 (152-192)
BMI (kg/m?) 25.1(17.9-35.9)
Atherosclerosis risk factors
Tobacco use [n (%)] 9(22)
Arterial hypertension [n (%)] 21(51)
Diabetes mellitus [n (%)] 15 (36)
Peripheral artery disease [n (%)] 3(7)
Chronic heart failure [n (%)] 4(10)
Long-term anticoagulation before VA-ECMO [n (%)] 3(7)
Antiplatelet therapy before VA-ECMO [n (%)] 8(19)
Admission
Cardiac arrest [n (%)] 24 (58)
Refractory cardiac arrest (n) 5
No flow duration (min) 1(0-1)
Low flow duration (min) 55 (30-70)
Resuscitated cardiac arrest (n) 19
No flow duration (min) 1(0-15)
Low flow duration (min) 15 (1-55)
STEMI [n (%)] 23 (56)
Associated PCl [n (%)] 18 (43)
LVEF (%)° 15 (5-55)
SOFA score 10 (3-15)
Procedural characteristics
Success of implantation [n (%)] (%) 41 (100)
Reperfusion cannula [n (%)] 40/41 (97)
Cannulation time (min) 20 (10-40)

Continuous data presented as median (min-max)

BMI body mass index, VA-ECMO veno-arterial extracorporeal membrane
oxygenation, STEMI ST-elevation myocardial infarction, PCl percutaneous
coronary intervention, LVEF left ventricle ejection fraction

@ In patients with spontaneous circulation

Percutaneous explantation and complete percutaneous
approach

Among the 41 patients, percutaneous decannulation
was performed in 20 patients at 6 days (2—16) (Fig. 1)
(Table 3). The “crossover balloon occlusion technique”
was used in all 20 patients. Representative angiogra-
phies of the closure are presented in Fig. 2. The fluor-
oscopy time was 6.5 min (2.1-19.6). The contrast
volume, dose area product and cumulated air karma
were respectively 25 mL (10-140), 1236 cGy/cm? (249—
4277) and 140 mGy (23-423) respectively. Arterial clo-
sure was successful in all patients except one, in whom
surgical closure was needed because of incomplete
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Table 2 Patients'30-day outcomes

Patient outcomes at 30 days n=41
30-day mortality (n) (%) 30 (71)
ICU stay (days) 13 (1-52)
Weaning from VA-ECMO (n) (%) 22 (54)
ECMO duration (days) 5(1-21)
Percutaneous explantation (n) 20
Significant complications (n) 2
Significant bleeding (n) 1
Acute lower limb ischemia (n) 1
Groin infection (n) 1 (following
surgical

explantation)

Continuous data presented as median (min-max)

ICU intensive care unit, VA-ECMO veno-arterial extracorporeal membrane
oxygenation

Table 3 Baseline, procedural characteristics and  30-day
outcomes of patients with percutaneous decannulation
Percutaneous decannulation n=20
Patient’s characteristics
Age (years) 60 (27-76)
Cardiac arrest (n) 1
Ressuscitated cardiac arrest 10
Refractory cardiac arrest 1
STEMI (n) 13
LVEF (%)° 15 (5-45)
SOFA score 8(3-14)
ECMO duration (days) 6(2-16)
Decannulation procedure
Cross-over (n) 17
Technical success (n) 19
Need of covered stent implantation for hemostasis 0(0)
(n)
Fluoroscopy time (min) 6.5(2.1-196)
lodinated contrast volume (mL) 25 (10-140)
Dose area product (cGy/cmz) 1236 (249-4277)
Cumulated air karma (mGy) 140 (23-423)
Outcomes
30-day mortality (n) (%) 11 (55%)
ICU stay (days) 21 (5-47)
Significant vascular complications (n) 1
Need for surgical closure (n) 1
Acute lower limb ischemia (n) 0
Significant bleeding (n) 0
Groin infection (n) 0

Continuous data presented as median (min-max)

STEMI ST-elevation myocardial infarction, LVEF left ventricle ejection fraction,
ECMO extracorporeal membrane oxygenation, ICU intensive care unit

2 In patients with spontaneous circulation
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knots progression toward the arteriotomy. The angio-
graphic control confirmed the closure success without
any residual bleeding in the 19 remaining patients and
did not reveal any occlusion or dissection of the femo-
ral artery. Venous closure was successful in all patients.
One arterio-venous fistula at the site of reperfusion line
insertion was diagnosed but did not require surgery.

Then, the skin incision at the puncture site was sutured
and no compression dressing was needed (Fig. 3).
No vascular complication occurred at the puncture
site used for crossover access which was successfully
closed in all patients. Finally, no groin wound infection
occurred in this subgroup of patients with percutaneous
decannulation.

In total, among the 20 patients with complete percu-
taneous implantation and explantation, only one major
complication occurred over the course of ECMO implan-
tation, support and explantation.

Two patients with preclosing had the cannula surgi-
cally removed. Those two patients had cardiac surgery for
heart transplant and left ventricular assist device implan-
tation, respectively, and the cardiac surgeon decided to
surgically explant the ECMO in the operative room fol-
lowing heart surgery, without percutaneous attempt. One
of those two patients suffered from a groin wound infec-
tion, which occurred after surgical decannulation.

Discussion

The present study describes the feasibility and safety of
a complete angio-guided percutaneous approach for
ECMO implantation and explantation in patients with
refractory cardiogenic shock or cardiac arrest. The salient
findings of this study are the following: (1) angio-guided
percutaneous implantation of ECMO is associated with
a 100% success of vessel cannulation and a low incidence
of vascular complications; (2) percutaneous angio-guided
withdrawal of the cannula after preclosing technique
provides a good closure of the puncture site and ena-
bles a direct confirmation of the result; (3) all in all, this
complete percutaneous approach provides an attractive
strategy for the management of patients requiring ECMO
support with a low risk of vascular complication even in a
very high risk population.

Percutaneous implantation of VA-ECMO has been
previously described and one large retrospective reg-
istry suggested that it was associated with fewer com-
plications than surgical approach [10, 11]. However, to
date, there are only sparse data regarding angio-guided
percutaneous implantation in the catheterization labo-
ratory although insertion in the catheterization room is
becoming standard of care if numerous centers. Indeed,
in patients with cardiogenic shock or cardiac arrest
related to acute coronary syndrome or requiring urgent
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complication

Fig. 2 a Cross-over balloon technique for arterial cannula safe removal. b Final angiography revealing neither residual bleeding nor vascular

Fig. 3 Picture of a patient’s groins after ECMO percutaneous
explantation. No additional compression dressing is needed

percutaneous coronary intervention, the respective tim-
ing of ECMO implantation and percutaneous coronary
intervention is controversial [21-23] and percutaneous
implantation in the catheterization laboratory allows to
quickly move from one strategy to the other. In our study,
percutaneous cannulation was successful in all patients
with a very low incidence of vascular complications. The
previous studies that had described percutaneous ECMO
implantation in the catheterization laboratory had
reported much higher rates of vascular complications as

compared to our study (20—40% vs. 2/41) [24]. This find-
ing is likely to be at least partially related to the absence of
systematic insertion of a distal perfusion line, which was
left at the operator’s choice in those studies although this
has been associated to a decrease rate of complications
[25, 26]. These encouraging results regarding ECMO
implantation were not altered by the performance of pre-
closing. In patients with preclosing, the number of major
complication during ECMO was small (2/41). Also, it
is important to highlight that the cannulation time was
not increased by the performance of pre-closing. Indeed,
when mastered, the insertion of all ProGlide devices for
preclosing requires less than one minute of time and does
not delay ECMO initiation.

Regarding ECMO explantation, different strategies
have been described for cannula removal after percuta-
neous implantation. In the largest cohort reported so
far, hemostasis was made using compression only, with
45 min of manual compression followed by the use of
the FemoStop® compression assist device (Abbott®, Chi-
cago, Illinois, United States) [11]. Although easy and con-
venient, this technique was associated with a 15% rate of
vascular complication requiring surgical revision after
cannula removal. Few closure devices have been tested
for VA ECMO decannulation. The Manta® vascular clo-
sure device (VCD®, Teleflex, Morrisville, USA) has been
used in several case reports and in a cohort of 16 patients
with good results regarding hemostasis but with a rather
high rate of arterial stenosis or thrombosis following
vascular closure (27.3%) [13]. The Perclose ProGlide®
closure device has been studied for post-closing with
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a rate of failure between 5 and 15% and the use of 2 to
4 devices [14, 15]. This technique is attractive although
in large bore vascular access, the needles of the Perclose
ProGlide® sometimes do not perforate the vessel wall,
making percutaneous closure impossible. The preclos-
ing technique using the Perclose ProGlide® devices is
therefore attractive. Since the closure devices are inserted
before the large sheat, it is very unlikely that the needle
will not properly perforate the vessel wall. Moreover, with
the increase of structural heart disease interventions and
large bore vascular accesses, this technique is now mas-
tered by most of the interventional cardiologists. Preclos-
ing has been studied by Pellenc et al. in ECMO implanted
prior to lung transplantation, with a dramatic reduc-
tion in the rate of groin wound infection as compared
to open surgery [12]. The patients included in this study
were however different from ours. First, they all under-
went ECMO implantation in the setting of scheduled
lung transplantation while, in our study, all ECMO were
implanted in the context of extreme emergency. Second,
the diameter of the arterial cannula was 15 Fr compared
to 17-19 Fr in our patients. Despite these differences, the
rate of vascular complication after explantation was not
higher in our study. This is probably related to the use of
the “crossover balloon occlusion technique” This tech-
nique, which has been described for TAVR, allows for a
safe and smooth closure of the artery, since the upstream
vessel is occluded by a balloon [17]. Moreover, after clo-
sure, an arteriography is performed to ensure the proper
closure of the vessel, without bleeding, or downstream
occlusion or dissection. This final angiography enables a
quick diagnosis of any remaining bleeding after closure
(even small), with the purpose that an additional closure
device can be immediately added if necessary.

An additional, although small, advantage of preclos-
ing before ECMO insertion is the treatment of bleeding
or suffusion around the cannula. Indeed, the preclosing
devices are creating a purse-string around the cannula.
Thus, in case of bleeding at the puncture site after can-
nula insertion, the sutures of the closing devices can be
tightened by gently pulling the rail suture until no resid-
ual bleeding is observed [27].

Finally, we did not observe any groin infection after
complete percutaneous implantation and explantation of
ECMO. Percutaneous implantation of ECMO has been
previously associated with a lower risk of infection but
few studies were focused on a complete percutaneous
approach, all the more in the setting of emergent implan-
tation. It is likely that, as previously described in sched-
uled patients, our results regarding infection are to some
extend related to the complete percutaneous approach,
although the absence of a control group do not allow any
definitive conclusion.
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These encouraging results regarding both percutaneous
implantation and explantation of ECMO in these patients
with refractory cardiogenic shock may encourage its early
use in such patients in whom early restoration of an ade-
quate organ perfusion is essential for favorable outcome.

Limitations

This study carries several limitations. First, this is a
monocentric study including a small number of patients.
Hence, larger studies including a control group are
needed to confirm our results. Second, all ECMO
implantations were performed in extreme emergency and
a significant proportion of them were implanted outside
working hours by the on call interventional cardiolo-
gist. This requires all interventional cardiologists of the
department to be trained to preclosing and large bore
vascular access. Moreover, in our study, this technique
was safe and feasible up to 16 days post-ECMO implanta-
tion. None of our patients had percutaneous decannula-
tion after day 16 and we do not know whether it remains
safe beyond this period. Last, the studied population was
composed of dramatically instable patients with a high
mortality rate albeit consistent with other studies focus-
ing on refractory cardiac arrest and cardiogenic shock [9,
24] and very few patients with refractory cardiac arrest
underwent ECMO explantation. However, despite this
very high risk, few complications occurred and almost
half of the patients were weaned from ECMO, suggesting
that the results of complete percutaneous ECMO may be
even better in a less unstable population.

Conclusion

Emergent complete percutaneous angio-guided VA-
ECMO implantation and explantation using preclosing
technique is an attractive strategy in patients referred for
refractory cardiogenic shock with few major complica-
tions. These results encourage the early use of percutane-
ous ECMO in patients referred for cardiogenic shock.
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