_{ Case Report and Brief Review
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Cardiogenic Shock
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ABSTRACT: A 58-year-old male patient, suffering from an acute
anterior ST-elevated myocardial infarction, developed cardiogenic
shock, despite an optimal revascularization and hemodynamic support
through the use of an intra-aortic balloon pump and inotropic phar-
macological agents. Additional support was provided by a left ventric-
ular assistance device Impella LP 5.0 (Abiomed, Europe GmbH).
Device failure occurred 27 hours after implantation due to an acute
thrombosis of the Impella inflow portion. This major adverse event
might have occurred due to an inflammatory status in the cardiogenic
shock context, a pre-existing intraventricular thrombus that could have
been sucked up inside the Impella, and/or a subtherapeutic anticoag-
ulation. There are very few data regarding this type of complication.
Further studies are therefore needed to assess the frequency of such a
complication and the means to avoid it.
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The Impella LB, a percutaneous left ventricular assistance
device (LVAD), is a recent development in cardiogenic shock
management, which can facilitate patients’ recovery in ad-
dition to standard care. Very few adverse events related to
the implantation and use of this device have been reported.
This is partly due to its recent availability. Our report focuses
on a case of an acute intraventricular thrombosis of an IM-
PELLA LP 5.0 device in a patient implanted for a severe car-
diogenic shock complicating an acute myocardial infarction.

Case Report. A 58-year-old male patient with no prior med-
ical history was admitted for primary percutaneous coronary inter-
vention for an acute ST-elevated myocardial anterior infarction
within 12 hours of symptoms. The coronary angiogram revealed an
ostial left anterior descending (LAD) occlusion. A coronary
thrombectomy followed by direct stenting using a 3.0 x 16 mm
bare-metal stent (Titan; Hexacath) was performed. Optimal reper-
Sfusion in the LAD was obtained with a final TIMI 3 coronary flow
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at the end of the procedure. Despite optimal reperfusion, systolic

blood pressure persisted below 90 mm Hg and an intra-aortic bal-

loon pump (IABP) was inserted. The cardiogenic shock remained
severe with clinical signs of multi-organ failure (mean blood pres-

sure below 70 mm Hg, impaired diuresis <1 mL/kg/hr, confusion,

metabolic acidosis). Inotropic support with continuous infusion of
milrinone was started and the patient was transferred to our in-

tensive care unit.

Transthoracic echocardiogram (TTE) on admission showed a
left ventricular ejection fraction of 20% with diffuse akinesia of
the antero-sepro-apical walls. No intraventricular thrombus was
noted. A Swan-Ganz catheter was inserted within 6 hours after
admission and showed a cardiac output of 1.5 Limin/m?, high left
ventricular filling pressures with capillary wedge pressure of 30 mm
Hyg, and central venous and systolic pulmonary arterial pressures of’
15 mm Hg and 52/33 mm Hg, respectively. The right ventricular
systolic function assessed by echocardiography was preserved.

During the first 24 hours after admission, there was no improve-
ment of the hemodynamic status. Despite adjustment and constant
increase of the inotropic drugs and diuretic doses, Swan-Ganz meas-
ures remained unchanged.

Therefore, 24 hours after admission, an Impella LP 5.0 LVAD
was surgically implanted via the right axillary artery. Preoperative
transesophageal echocardiogram (TEE) showed no intracardiac
thrombus. Postimplantation radiological controls showed optimal po-
sition of the device. Impella power was set at level 7 to obtain a device
output of 3.5 Limin and further settings remained unchanged.

Hemodynamic and clinical status immediately improved. Car-
diac output increased from 1.6 L/min/m? to 2.3 Limin/m? and
pulmonary capillary wedge pressure decreased from 30 to 15 mm
Hyg. A significant increase of diuresis was observed, as well as an
improvement of renal and hepatic functions. Within the next 24
hours, inotropic support was successfully weaned.

At the onset of acute MI, anticoagulation was provided by
enoxaparin 1 mglkg/12 hrs. During the surgical procedure, un-
[fractionated heparin (UFH) was administered, and activated clot-
ting times were measured at 302 s and 315 s, after a 50 Ullkg
UFH bolus. Afier the insertion of the device, irrigation was per-
formed using a continuous infusion of UFH (50 Ul/mL) and 20%
dextrose solution ar 3.8 mL/hy, ie, 190 UI of UFH/hr according
to the manufacturer’s recommendations. Enoxaparin was stopped,
with the last injection performed 8 hours before surgery. Aspirin
(75 mglday) and prasugrel (10 mglday) were also administered.
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Figure 1. Transthoracic echocardiogram (apical 4-chamber view) show-
ing thrombus on the Impella tip.

Despite heparin infusion, postoperative blood levels of activated
cephalin times remained low (29 s at 12 hours post implantation
and and 35 s ar 20 hours post implantation). Consequently, UFH
infusion speed was increased. Remarkably, device pressures were
monitored as normal by the Impella system.

A sudden Impella dysfunction occurred 27 hours after implan-
tation, consisting of a brutal stop with impossibility to restart the
pump. Immediate TTE revealed a 12-mm long thrombus caught
inside the pigtail tip of the device (Figure 1). TEE showed that
the thrombus was trapped inside the pump (Figure 2). There was
no evidence of additional intraventricular thrombus in the left
ventricle.

The patient underwent an emergent surgical device explantation
with sternotomy and aortotomy (12 minutes of cardiac arrest pro-
tected by a crystalloid cardioplegia) under extracorporeal circulation
assistance. As shown in Figure 3, an important thrombus was found
rolled up inside the pigtail tip. A central extracorporeal membrane
oxygenator was inserted for temporary circulatory support.

After stabilization, a whole-body computed tomography scan
showed no sign of peripheral embolism. ECLS was weaned after 5
days, without any further adverse events. The outcome was favor-
able and the patient was discharged from hospital.

Discussion. The Impella device is an intravascular rota-
tional axial-flow pump designed to provide cardiac support dur-
ing left ventricular failure. The device continuously aspirates
blood from the LV cavity and pumps it into the ascending
aorta, via an axial turbin. Thus, it provides a continuous cardiac
output and reduces LV afterload. It also significantly improves
coronary hemodynamics."?

The Impella LP device’s safety and efficiency have been eval-
uated in the past few years mainly in high-risk percutaneous
intervention®® and cardiogenic shock.”!* Device-related adverse
events were mostly related to vascular access, ie, dissections or
acute thrombosis.""® In our center, these access-site complica-
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Figure 3. Postoperative view of the Impella device, confirming throm-
bosis of the device’s pigtail-shaped extremity.

tions have largely been reduced by a systematic device insertion
through the axillary artery rather than femoral.'* Rare cases of
functional mitral stenosis, due to the vacuum effect of the
pump in the LV, have also been described by Toggweiler and
colleagues.

One specific issue is the irrigation of the device by continu-
ous heparin and dextrose infusion to prevent blood from reach-
ing the engine. Anticoagulation is needed to prevent clotting.
To our knowledge, we are presenting the first documented case
of massive thrombosis of an Impella device. The macroscopic
aspect of the thrombus after device explantation (Figure 3) sug-
gests that a pre-existing and unspotted intraventricular throm-
bus must have been sucked up inside the device, ie, a long clot
trapped inside the pigtail tip of the inflow segment. The sub-
therapeutic anticoagulation levels obtained prior to this event
and the large anterior and apical akinesia predisposing to
thrombus formation further support this hypothesis.
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In our case report, we suspect insufficient anticoagulation
to have contributed to the pump failure. Indeed, the anticoag-
ulation levels didn’t reach the therapeutic range, as activated
clotting times were approximately 30 seconds. Moreover, anti-
thrombin III levels were normal. No biological sign for haemol-
ysis was found.

In our experience, we have observed that for most patients
implanted with an Impella device, the heparin solution used
for irrigation can achieve appropriate anticoagulation levels
without additional heparin infusion. Since anticoagulation at
the onset of the acute MI and during primary PCI was en-
sured by enoxaparin, UFH administration began only at the
time of the Impella insertion. Low activated clotting times
after surgery didn’t immediately raise concerns. Therefore,
UFH infusion speed was increased, as generally performed in
such circumstances, and switching to a different anticoagula-
tion drug, such as bivalirudin or argatroban, wasn’t consid-
ered. During surgery, activated clotting time levels were
optimal and their later decrease could not have been antici-
pated. Besides, thrombosis happened shortly after device im-
plantation, leaving little time for physicians to consider an
anticoagulation switch.

The important inflammatory syndrome (fibrinogen 8.4 g/L)
present at the time of implantation and during the following hours
could have been responsible for a high thrombotic status. This in-
flammatory response can be explained by the severity of the car-
diogenic shock, as no evidence for systemic infection was found.

The most probable hypothesis is that the thrombus either
developed or was already present in the LV at the time of the
Impella insertion and then got trapped inside the device. Pre-
operative TTE showed no intraventricular thrombus, which
would have been a clear contraindication to such a procedure.
The limits of TTE’s sensitivity for detecting intraventricular
thrombi may be responsible for misdiagnosis. Moreover, intra-
ventricular thrombus can be transient and be undiagnosable at
the time of TTE performance. In our case, repeated TTE had
been performed every 6 hours before the failure of the Impella,
and no anomaly of the device or in the LV was reported. How-
ever, Impella devices induce important TTE imaging artefacts
that can mask intraventricular thrombi.

The Impella is a circulatory support system that has interest-
ing potential applications for the management of myocardial in-
farction related to cardiogenic shock and acute congestive heart
failure. It is mostly used as a bridge to recovery for patients who
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remain in a critical hemodynamic state despite revascularization
and IABP!®"7 Our case report suggests that a strong inflamma-
tory syndrome and severe LV dysfunction with apical akinesia
might expose patients to Impella thrombosis. It also suggests
that appropriate anticoagulation therapy and monitoring are es-
sential to avoid this type of adverse event.
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