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Abstract

Use of a left ventricular percutaneous assist
device (Impella) and veno-arterial extracorporeal
oxygenation (VA-ECMO) in severe ischemic
cardiogenic shock — a case study
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Cardiogenic shock is a life-threatening condition characterized by a significant morbidity and mortality.
It occurs as a result of a decrease in cardiac output caused by severe dysfunction of the heart. Despite conventional
treatment approaches, there are extreme cases that remain refractory to therapy, necessitating alternative interven-
tions such as extracorporeal support techniques to assist the failing heart. These techniques not only help maintain
proper tissue oxygenation and perfusion but also relieve the left ventricle and increase cardiac output. This article
presents a case study of a patient experiencing severe cardiogenic shock due to acute coronary syndrome after
thoracic trauma with pneumothorax. The authors highlight the value of simultaneous utilization of two treatment
modalities: veno-arterial extracorporeal membrane oxygenation (VA-ECMO) and the Impella CP microaxial
pump. By sharing this case, the authors underscore the importance of comprehensive and innovative approaches in
managing critical cases of cardiogenic shock. Anestezjologia i Ratownictwo 2024; 18: 18-23. doi:10.53139/AIR.20241803
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Introduction

Cardiogenic shock is a severe form of myocardial
insufficiency, where the decrease of cardiac output (CO)
is below 2.2 1/min/m2, leading to generalized tissue
hypoperfusion. It results in metabolic acidosis and
eventually multiple organ failure. Unlike other types
of shock caused by peripheral vascular dysfunction
or insufficient circulating blood volume, cardiogenic
shock arises from the dysfunction of the heart as
a pump. Thus, diagnosis of this type of shock involves
observing the decrease in cardiac output, peripheral
hypoperfusion, systolic blood pressure below 80 mmHg
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without pharmacological and mechanical support, and
normovolemic status indicated by pulmonary capillary
wedge pressure above 15 mmHg [1,2].

Early identification and treatment of the underly-
ing cause are crucial in managing cardiogenic shock.
Cardiac echocardiography plays a vital role in assessing
heart contractility, valve function, and overall myocar-
dium condition. Additionally, coronary angiography is
obligatory when myocardial infarction is suspected as
the cause of the shock, as it allows to evaluate vascular
perfusion and guides potential interventions such as
angioplasty or even coronary artery bypass grafting
(3,4].
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During the conventional treatment of cardiogenic
shock, patients struggle with the core components of
shock, which is hypotension and tissue hypoperfusion,
as well as respiratory failure. Hospitalization in an
intensive care unit is necessary, along with cardiova-
scular pharmacotherapy and mechanical ventilation.
In severe and refractory cases where pharmacotherapy
alone becomes insufficient to maintain adequate blood
pressure and organ perfusion, extracorporeal mecha-
nical solutions, such as an extracorporeal veno-arte-
rial mebrane oxygenation (VA-ECMO) and Impella
microaxial pump, may be an effective continuation
of therapy [5].

VA-ECMO is a temporary circulatory support
technique that provides complete and immediate
replacement of lung and heart function in cases of car-
diac arrest or refractory cardiogenic shock. It involves
collecting venous blood through a drain inserted into
the inferior vena cava, then oxygenating it and remo-
ving carbon dioxide in a membrane oxygenator, and
finally delivering it to the descending aorta through
an arterial cannula. This mechanism allows to main-
tain sufficient blood pressure and partial pressures of
respiratory gases, which is necessary to maintain the
function of the patient’s organs. VA-ECMO is used in
refractory cardiogenic shock due to the reduction of
myocardial workload while providing respiratory and
hemodynamic support [6].

Impella is a microaxial centrifugal pump inserted
percutaneously into the ventricle of the heart. There
are two types of the device that support the function
of the left (Impella CP) or right ventricle (Impella RP),
respectively [7,8]. The combination of Impella CP and
VA-ECMO is known as ECpella (or ECMELLA). It
provides simultaneously proper tissue perfusion and
left ventricle unloading, which has been associated
with reduced mortality in patients with cardiogenic
shock.[9]

This article presents a case of a 66-year-old male
patient who underwent a complex and prolonged
extracorporeal support involving the use of an Impella
CP microaxial pump and VA-ECMO as part of the
management of cardiogenic shock.

Case report
A 66-year-old male patient, employed as a con-

struction worker by profession, following a fall from
a height of approximately 7 meters, was transferred
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from the trauma and orthopedic surgery depart-
ment of the district hospital to the Department of
Anaesthesiology and Intensive Therapy, The National
Institute of Medicine The Ministry of Interior and
Administration in Warsaw, due to his deteriora-
ting condition.

Upon admission, the patient was conscious (15
points in Glasgow Coma Scale), in contact and exhi-
bited no neurological deficits. The Simplified Acute
Physiology Score (SAPS II) was calculated to be 26
points, The Sequential Organ Failure Assessment
(SOFA) score was 3 points and the Acute Physiology
and Chronic Health Evaluation (APACHE II) score
was 13 points. The patient reported shortness of bre-
ath, leading to the administration of passive oxygen
therapy (flow at 31/min). A chest X-ray was performed,
revealing signs of pneumothorax despite the pleural
drainage established in the previous center. An addi-
tional drain was placed above the existing one.

On the second day of hospitalization in the
intensive care unit, the patient reported worsening
dyspnoea and angina pain. An electrocardiogram
raised suspicion of acute coronary syndrome, and
echocardiography showed a reduction of left ventricle
ejection fraction (LVEF) to 15%. Coronary angiography
revealed two critical stenoses of left main coronary
artery (LMCA): 90% and 95% of lumen diameter pro-
ximally, and in the distal part, respectively. In addition,
significant stenoses of the circumflex artery and its
marginal branch were shown (both 70% of the lumen
diameter), and right coronary artery (RCA) was fully
obstructed in proximal part, but distally well supplied
by collateral circulation from left coronary artery. The
patient was then deemed eligible for coronary artery
bypass grafting.

On the third day of stay, the patient experienced
sudden cardiac arrest due to ventricular fibrillation.
Resuscitation efforts were initiated, successfully
restoring a hemodynamically effective heart rhythm.
Subsequently, the patient developed cardiogenic shock,
necessitating intubation and further mechanical ven-
tilation. Given the high severity of the shock and the
heightened risk of recurrence of the cardiac event,
percutaneous microaxial pump supporting the left
ventricle (Impella CP, Abiomed Inc.) was implanted,
followed by percutaneous coronary angioplasty with
the placement of a stent eluting sirolimus in LMCA. The
lumen of the vessel was restored and TIMI III flow was
obtained. After 24 hours LVEF increased to 30-35%.
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By the fourth day of hospitalization, the patient
exhibited signs of renal failure, including anuria,
leading to the initiation of continuous veno-venous
hemodialysis (CVVHD).

Despite high doses of vasopressors and dobu-
tamine (Chart A), the patient’s condition continued
to deteriorate. Consequently, on the sixth day of
hospitalization, extracorporeal membrane blood oxy-
genation in the venous-arterial system (VA-ECMO,
Getinge) was initiated. Drainage and return cannulae
were inserted via right common femoral vein and left
common femoral artery, respectively; distal perfusion
cannula was placed downstream through left superfi-
cial femoral artery. Due to anemia, the patient required
multiple transfusions of blood products. In addition,
stress ulcer prophylaxis was continued. The patient
was fed both through the gastrointestinal tract and
parenterally. Throughout the course of extracorporeal
therapy, renal failure persisted, and indices of hepatic
insufficiency progressed.

The simultaneous use of the Impella and VA-ECMO
significantly improved the patient’s cardiogenic shock
by unloading the left ventricle and increasing cardiac
output. LVEF increased to 48-50%. That is why, by
observing the stabilization of the patient’s circulatory
system on the 20th day of hospitalization (Chart B), the
decision was made to remove the VA-ECMO cannulas.
Then, on day 22, the Impella device was removed under
the guidance of transesophageal echocardiography
(Chart C). In the following days of hospitalization, the
patient regained consciousness and several attempts
were made to liberate him from the ventilator, but
mechanical ventilation and catecholamines were only
temporarily discontinued. Tracheostomy was perfor-
med, pressure support ventilation and CVVHD were
continued. Recurrent respiratory, urinary and blood-
stream infections, and rectal bleeding were treated.
Unfortunately, multiple organ (cardiovascular, respira-
tory, renal, and hepatic) failure persisted leading finally
to the patient’s death on the 64th day of hospitalization.

Discussion

We presented a case of prolonged mechanical
circulatory support using VA-ECMO and microaxial
pump Impella CP in the patient with cardiogenic shock
caused by acute coronary syndrome following thoracic
trauma. In our patient Impella implantation preceded
the use of VA-ECMO, the latter was initiated, when the
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former turned out to be ineffective, but these techni-
ques may be also instituted in reverse order. The use
of VA-ECMO as a last-resort measure (the rescue tre-
atment) in refractory cardiogenic shock is in line with
results of recent randomized control trials [10,11] and
metanalysis [12], which shown lack of benefit associated
with earlier VA-ECMO application as compared to
usual care. In addition, recent metanalysis suggests that
the use of Impella in patients with cardiogenic shock
is associated with lower rates of in-hospital mortality,
bleeding, and stroke than ECMO [13].

Importantly, flow of oxygenated blood returning
from VA-ECMO circuit to arterial circulation may
increase the afterload and cause retrograde arterial
flow. This can result in the reduction of the contracti-
lity of the left ventricle, impairment of natural cardiac
output (CO), an increase in left ventricular end-dia-
stolic pressure, and finally stagnation of blood in the
left ventricle, closure of the aortic valve, and high risk
of thrombotic events [14,15]. To address this issue
VA-ECMO pump rotations may be lowered to reduce
blood flow. If this is ineffective, left ventricle unloading
techniques (also called venting), such as intra-aor-
tic balloon pump, transseptal left atrial cannula, or
Impella pump, are employed [15,16]. They have been
shown to reduce pulmonary capillary wedge pressure,
pulmonary artery pressure, and vascular resistance.
It is also suggested that they may allow for effective
regeneration of the myocardium and reversal of its
remodeling. [15] Comparisons between Impella and
more invasive surgical unloading techniques suggest
certain advantages of Impella in terms of mortality
and myocardial regeneration, particularly in patients
over 65 years of age who have not undergone cardio-
pulmonary resuscitation [16].

Of note, the response to VA-ECMO may vary
among patients with heart failure of different etiologies.
The group of patients with acute cardiogenic shock and
elevated left atrial pressure tend to benefit the most
from left ventricle unloading. In addition, patients
with biventricular shock, in which the right ventricle
recovers faster than the left ventricle, can also benefit.
In such cases, the right ventricle provides increased
pulmonary flow, thereby increasing left ventricular
preload despite extracorporeal support. However, it
is important to consider that increasing preload and
afterload may elevate left ventricle oxygen consump-
tion, highlighting the need for an Impella centrifugal
pump unloading strategy [17-18].
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Chart A: Doses of circulatory drugs
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Chart B: Hemodynamic parameters
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Figure 1.

It should be underlined, that techniques of mecha-
nical circulatory support are not free from the risk of
complications, such as bleeding, thrombosis, hemoly-
sis, acute kidney injury (AKI) and proinflammatory
response related to the contact of blood with artificial
surfaces of extracorporeal circuit [14,18]. In the case of
our patient, continuous renal replacement technique
(CRRT) was required prior to initiating VA-ECMO,
aday after Impella implantation. It should be noted that
the use of Impella may be associated with an increased
risk of hemolysis and the need for CRRT [18], but in
our patient AKI was rather related to hypoperfusion
caused by cardiogenic shock. Of note, despite the
heightened risk of complications we decided on “off-
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Chart C: Extracorporeal therapy
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-label” prolonged (more than 5-day) use of Impella CP,
because it was initiated before VA ECMO support and
thereafter served as left ventricle unloading technique.
Otherwise, more invasive Impella 5.5 had to be surgi-
cally implanted, as it is certified for up to 30-day use.

In addition, both VA ECMO and Impella support
circulation by linear (non-pulsatile) flow, which is not
natural for perfused organs and tissues and might
negatively impact their function [19,20]. However,
comparison of pulsatile and non-pulsatile blood flow,
especially in long term mechanical cardiac support
remains unclear. That is why further research is needed.

It is crucial to consider all aforementioned factors
when selecting the appropriate mechanical circulatory
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support strategy for patients with cardiogenic shock,
tailoring the treatment to individual patient charac-
teristics and optimizing outcomes. Importantly, it
was reported that 20-65% of patients weaned from
VA-ECMO after myocardial recovery did not survive to
hospital discharge [21]. Our patient regained conscio-
usness but despite weaning of Impella and VA-ECMO
at very low doses of dobutamine and noradrenaline,
the long-term sequelae of critical illness [22], and most
probably tissue hypoperfusion and hypoxia during
the first days of cardiogenic shock, led to persistent
multiorgan failure and unfavorable outcome.

Conclusions

Simultaneous use of VA-ECMO and Impella
microaxial pump provides a promising approach to
overcome cardiogenic shock. Combination of these two
methods diminishes the risk of so-called retrograde
arterial flow, reduces afterload, and improves the left
ventricular ejection fraction. These factors may contri-
bute to a higher likelihood of myocardial regeneration
following an acute coronary syndrome event. The
chance of success of the Bridge to Transplant Therapy
(BTT) and the heart transplant itself also increases [18].
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The success of this treatment approach relies on
timely and accurate patient qualification by a quali-
fied medical team. Tissue hypoxia associated with
cardiogenic shock, and subsequent multi-organ
failure, significantly diminishes the patient’s chances
of survival. This case shows that short term success in
extracorporeal therapy does not guarantee a patient’s
long-term survival and good quality of life [21,22].

Further research and studies are needed to better
understand the optimal timing, patient selection crite-
ria, and determinants of long-term outcomes associated
with the use of VA-ECMO and Impella microaxial
pump in the management of cardiogenic shock.
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