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Abstract: Worldwide, the left ventricular assist device Impella® (Abiomed, Danvers, MA, USA) is
increasingly implanted in patients with acute cardiogenic shock or undergoing high-risk cardiac
interventions. Despite its long history of use, few studies have assessed its safety and possible
complications associated with its use. All patients treated with a left-sided Impella® device at the
University Hospital of Basel from 1 January 2011 to 31 December 2019 were enrolled. The primary
endpoint was the composite rate of mortality and adverse events (bleeding, acute kidney injury, and
limb ischemia). Out of 281 included patients, at least one adverse event was present in 262 patients
(93%). Rates of in-hospital, 90-day, and one-year mortality were 48%, 47%, and 50%, respectively.
BARC type 3 bleeding (62%) and hemolysis (41.6%) were the most common complications. AKI was
observed in 50% of all patients. Renal replacement therapy was required in 97 (35%) of all patients.
Limb ischemia occurred in 13% of cases. Bleeding and hemolysis are common Impella®—associated
complications. Additionally, we found a high rate of AKI. A careful selection of patients receiving
microaxial LV support and defining the indication for its use are essential measures to be taken for
the benefits to outweigh potential complications.

Keywords: Impella®; cardiogenic shock; acute heart failure; mechanical circulatory support

1. Introduction

Cardiogenic shock (CS) is a state of decreased cardiac output, defined as systolic blood
pressure below 90 mmHg with signs of hypoperfusion, despite an adequate filling state [1].
Reduced cardiac output in the presence of a fully loaded ventricle, therefore, increases left
ventricular end-diastolic volume, pressure, wall tension, and, thus, myocardial oxygen
consumption. This leads to a vicious circle of decreased coronary perfusion, which fur-
ther reduces contractility and continues to worsen ventricular function [2]. One way to
counteract this downward spiral is by unloading the ventricle through a mechanical assist
device such as the Impella® (Abiomed, Danvers, MA, USA). The Impella® is a microaxial,
minimally invasive ventricular assist device, based on the principle of an Archimedes
screw. Depending on the desired flow rate, there are five different types of Impella® pumps
for insertion into the left ventricle (LV): the Impella 25%,CP®, LD®, 5.0%, and 5.5 (the last
three requiring surgical cut-down).

Impella® devices are used to unload the left or right ventricle and to simultaneously
improve systemic perfusion as well as increase coronary blood flow [3]. These devices
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thereby help to reduce LV stroke effort and as a result myocardial oxygen consumption.
This is especially important in CS or during high-risk percutaneous coronary interventions
(PCIs) [4,5]. The introduction of the Impella® has led to a paramount change in mechanical
circulatory support (MCS) strategies. For specific indications it has replaced other MCS
devices including the intraaortic balloon pump (IABP) [6] and the extracorporeal membrane
oxygenation (ECMO) [7]. However, the only large prospective, randomised clinical trial
comparing the use of the IABP and the Impella® in patients undergoing high-risk PCIs
between 2007 and 2010, the PROTECT 1II study, was terminated after a first interim analysis
because of suspected futility [8]. A comparable prospective randomised clinical trial for the
treatment of CS with and without PCI is lacking and outcome data in patients presenting
with CS are sparse. Although the concept of unloading the LV in CS is appealing, only
two small trials comparing the Impella® to the IABP in CS have been published [9,10].
Both have shown no improvement in survival and a higher incidence of complications
with percutaneous MCS. Nonetheless, some retrospective studies have investigated the
safety and possible complications of the Impella® pump [11-14]. Increased use of this
microaxial pump calls for more detailed assessments of adverse effects and therapeutic
options. The aim of this study was to describe and analyse a single-centre experience
concerning mortality and adverse events of patients using an Impella® percutaneous
microaxial LV assist device.

2. Materials and Methods

Data, analytic methods, and study materials will be available to other researchers
upon request. Th study was approved by the Ethics Committee of Northwestern and
Central Switzerland (EKNZ, Project ID 2021-00002). According to Swiss law, data could be
collected if no statement against the elicitation of quality data was existent.

2.1. Study Population

This observational, retrospective, single-centre analysis investigated all patients who
received LV Impella® support from January 2011 until December 2019 at the University
Hospital of Basel (USB), irrespective of indication for insertion. Patients in whom an
Impella® was implanted more than once were assessed as separate cases for each appli-
cation. Resuscitation before insertion of the Impella® was defined as any mechanical or
electric cardiopulmonary resuscitation that did not take place during a cardiac intervention
or surgery.

For all patients without available mortality data, the date of the last blood draw in
our hospital was assessed. If it was longer than one year after the Impella® insertion,
the patient was considered still alive. The patient was also considered to be alive if the
last blood draw was within one year after the Impella® insertion and if the patient still
had a registered social security number. If the latter was not the case, data were declared
unavailable, but the patient was not declared dead.

To compare our results to the recent study from the Acute Myocardial Infarction in
Switzerland (AMIS) Plus Registry regarding the trend associated with the outcome of
cardiogenic shock [15], we performed a subgroup analysis of all patients where a CS with
acute myocardial infarction (AMI) was the reason for Impella® insertion.

According to standard protocol, anticoagulation was initiated with 5000 IU of heparin
just before implantation, and maintained with therapeutic heparin levels (target anti-factor
Xa activity of > 0.26 U/mL).

2.2. Data Collection

Data including patient demographics, medical history, laboratory data, procedural
details, in-hospital adverse events, and clinical outcomes including mortality were collected
from the patient’s medical record. Data from patients who received an Impella® device at
the University Hospital and who were later transferred to another hospital are included
with Basel data only, except mortality. Data on the indication for Impella® support were
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collected from the cardiology report. The type of Impella® supporting the patient for the
longest period of time was registered. Change of Impella® was counted as a new case only
when another type was used. When the same Impella® was reinserted into the contralateral
limb, it was counted as the same case.

2.3. Definition of Adverse Events and Outcomes

Data on adverse events were collected during Impella® placement, hospital stay, and
until one year after discharge.

Limb ischemia after Impella® placement was declared when signs of ischemia (i.e.,
pain, pallor, paresthesia, poikilothermia, pulselessness, and/or paralysis) were mentioned
in the medical records at the site of the microaxial pump insertion for more than one day or if
surgical intervention (i.e., shunt placement, bypass surgery, and/or thrombendarterectomy)
was documented.

The patients were counted as an acute stroke if a new neurological deficit with signs
of malperfusion or bleeding in cranial imaging occurred during their hospital stay or was
reported in the patient’s records within one year. If medical records later than one year
after Impella® insertion documented no stroke so far, the patient was counted in the “no
stroke” group. If there was no report at all, we placed the patient into the group “data not
available”. All peripheral thrombotic complications were also registered.

Hemolysis was defined as a change in bilirubin of > 10 umol/l accompanied by a
concurrent increase in lactate dehydrogenase (LDH) of > 558 U/ from the last value before
Impella® implantation to the peak value during Impella® support, or if haptoglobine was
below 0.3 g/L.

Bleeding was classified according to the Bleeding Academic Research Consortium
(BARC) criteria [16]. Access site bleeding was classified as BARC types 1 (minor) and 2
(more severe). All bleeding requiring surgical exploration or transfusion of blood products
during intensive care unit (ICU) stay was classified as BARC type 3. Moreover, all cardiac
tamponades, hemorrhagic shock without death, and intracranial hemorrhages were also
classified as type 3. All patients who received cardiac surgery and required transfusion
were classified as BARC type 4. Patients who developed hemorrhagic shock and died
in hospital were classified as BARC type 5. Hemorrhagic shock associated with cardiac
surgery was analysed separately. The number of red blood cell (RBC) transfusions (units)
given in the ICU or in the operating room (OR) were only counted during the time of
Impella® therapy.

Thrombocytopenia was defined as platelets below 100 x 10? /L, or, if already below
100 x 107 /L at the time of Impella® insertion, the decrease of > 50% from baseline during
the time of ventricular mechanical support was counted as Impella®-associated thrombocy-
topenia. If no platelet measurement was available during Impella® support, these patients
were excluded from the analysis of thrombocytopenia.

Acute renal dysfunction was defined according to the “Kidney Disease: Improving
Global Outcomes” (KDIGO) stages [17]. Our baseline value was defined as the last cre-
atinine value before Impella® insertion. The observational period included seven days
after the start of LV mechanical support. Acute liver injury during Impella® support was
defined as a rise in alanine aminotransferase (ALAT) of > 1000 U/L (17 times above upper
laboratory limit) during ICU stay. Multiple organ failure was defined as simultaneous
failure of two or more organs, heart included, during the ICU stay. Worsening of valve
function during Impella® support was assessed for the mitral valve and the aortic valves
separately. Cardiac tamponade was registered regardless of a causal correlation with the
Impella®. LV ejection fraction (LVEF) before Impella® insertion (maximum 3 months before
insertion) and without mechanical circulatory support either at discharge or before death
was collected from echocardiographic reports or daily records. In case LVEF values were
available only before Impella® insertion, these values were also used to calculate LVEF at
discharge/last before death. Descriptive statements concerning the severity of the LV dys-
function, and not two-dimensionally calculated, were defined as follows: mild dysfunction
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at LVEF of 40%, moderate dysfunction at LVEF of 30%, and severe dysfunction at LVEF of
20%. When LVEFs of < 30%, < 20%, or < 10% were listed on reports, we designated these
as LVEFs of 25%, 15%, or 10%, respectively. Disease severity was assessed according to the
Simplified Acute Physiology Score (SAPS) II score at the time of the ICU admission.

Dual antiplatelet therapy (DAPT) was defined as prescription of aspirin and clopido-
grel, ticagrelor, or prasugrel simultaneously. Administration of > 10’000 IE unfractionated
heparin per day was counted as therapeutic heparinisation.

2.4. Study Endpoints

The primary endpoint was the rate of adverse events. An adverse event was defined
as death, stroke, ischemic complications (non-central nervous system), vascular compli-
cations (aneurysms, dissections, or arteriovenous fistulas), bleeding (BARC types 3-5),
novel posterior mitral valve chordal rupture, acute kidney injury (AKI), need for renal
replacement therapy (RRT), limb ischemia, amputation, and multiorgan failure.

Secondary endpoints were length of ICU stay, duration of Impella® support, LVEF at
discharge or last before death, bleeding (BARC types 1-2), hemolysis, and thrombocytopenia.

2.5. Statistical Analysis

All categorical variables are expressed in percentages. Continuous values are pre-
sented as medians with interquartile ranges (IQRs). In cases of early death, values con-
cerning thrombocytopenia and AKI are incomplete for a small number of patients. Here
we performed two analyses to show that the number of the cases with missing data did
not have an impact on the results. At the University Hospital of Basel, patients presenting
with acute cardiogenic shock are being treated routinely with an Impella®; the IABP is not
being used. Therefore, we did not perform a propensity score matching or matching of any
other kind, because our cohort does not have a comparable number of cardiogenic shock
patients treated conservatively.

3. Results

Over the nine-year studied period (2011-2019), a total of 281 patients received LV
mechanical support with the Impella® (Table 1). The most common indication for Impella®
insertion was ischemic CS (70%). One patient received an Impella® twice within a few days.
The median SAPS II score was 53 (IQR, 37-68) in survivors and 70 (IQR, 54-83) in non-
survivors. The SAPS II score was higher in patients who died during their hospitalisation
than in those who died after hospital discharge (73 (IQR, 60-85) and 54 (IQR, 42.3-72.3),
respectively). Median duration of Impella® support was 72 h (IQR, 35-121). The maximum
duration in one patient was 493 h (20.5 days). A total of 262 patients (93%), experienced
an adverse event. With the exclusion of patients without available data on stroke and
mortality, 250 out of 269 (93%) experienced an adverse event. Bleeding was the most
frequent adverse event, as shown in Table 2 and Figure 1. After excluding bleeding
complications, a total of 261 out of 281 patients (93%) suffered an adverse event. After
excluding patients without available data on stroke and mortality, 249 out of 256 (96%)
suffered an adverse event. Complications and outcome parameters are described in Table 2.
Details on adverse events stratified by sex (Table S1) and age categories (Table S2) are
shown in the Supplementary Materials. Almost half (48%) of all patients died during
hospitalisation and overall mortality was very high with a total of 165 (59%) deceased
patients. Of the patients, 43 (15%) died within the first 24 h after Impella® placement, while
a total of 95 (34%) patients died within one week. Thirty-day mortality was 46%, while
50.5% of patients had died after one year, as shown in Table 2 and Figure 2.
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Table 1. Patient characteristics, procedures, and device information.
Characteristics, n = 281 n (%), Median (IQR)
Age, years 65 (57-75)
Male 210 (74.7)
Length of ICU stay, days 7 (4-11)
Length of stay of patients that left ICU alive, days 8 (5-13.5)
SAPS II score 63.5 (47-77)
Resuscitation before Impella® insertion 113 (40.2)
Immediate cardiac surgery prior to Impella® insertion 25(8.9)
CABG only 13 (52)
Valve surgery 5(20)
Other 7 (28)
Urgent (24 h), emergency (12 h), and salvage surgery 15 (60)
Elective surgery 10 (40)
Anticoagulation and Antiplatelet Treatment
DAPT 171 (60.9)
In patients with bleeding complications (1 = 198) 104 (52.5)
In patients without bleeding complications (n = 83) 67 (80.7)
Heparin, unfractionated and therapeutic 244 (86.8)
In patients with bleeding complications (1 = 198) 175 (88.4)
In patients without bleeding complications (n = 83) 69 (83.1)
aPTT (n = 231) 82 (54-181)
In patients with bleeding complications 95 (58-181)
In patients without bleeding complications 64 (46-106)
INR (n = 280) 1.35 (1.2-1.8)
In patients with bleeding complications 1.4 (1.2-1.9)
In patients without bleeding complications 1.2 (1.1-1.5)
Indication for Impella® Use
CS acute myocardial infarction 196 (69.8)
CS ischemic without acute myocardial infarction 8 (2.9)
CS valvular 18 (6.4)
CS cardiomyopathy 19 (6.8)
CS other diagnosis (thythmogenic, myocarditis) 34 (12.1)
No CS (after ECMO removal, surgery under Impella® support, etc.) 6(2.1)
Type of Impella®
Impella 2.5® 143 (50.9)
Impella CP® 123 (43.8)
Impella 5.0® 6 (2.1)
Not available 9(3.2)
Additional Impella® RP 4(1.4)
Change of Impella® to another type 8 (2.9)
Duration of Impella® support, h (median, IQR) 72 (35-121)
Escalation therapy (ECMO, LVAD, or heart transplantation) 18 (6.4)
ECMO and additional Impella® as LV vent 9(3.2)
Cardiac Function and Outcome Parameters
LVEF prior to Impella® implantation 28 (20-40)
LVEF at discharge/last before death 35 (25-43)
In-hospital death 25 (15-35)
Patients discharged from hospital 40 (32-45.5)

IQR, interquartile range; ICU, intensive care unit; SAPS, Simplified Acute Physiology Score; DAPT, dual an-
tiplatelet therapy; aPTT, activated partial thromboplastin time; INR, international normalised ratio; CS, cardiogenic
shock; ECMO, extracorporeal membrane oxygenation; LVAD, left ventricular assist device; LV, left ventricle; and

LVEEF, left ventricular ejection fraction.
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Table 2. Adverse events.

Mortality Data, n = 281 n (%), Median (IQR)
Survived 91 (32.4)
Deaths 165 (58.7)
Not available 25 (8.9)
In hospital 134 (47.7)
1-day mortality 43 (15.3)
3-day mortality 66 (23.5)
7-day mortality 95 (33.8)
30-day mortality 129 (45.9)
90-day mortality 133 (47.3)
1-year mortality 142 (50.5)

Adverse Events

Bleeding *

No bleeding 83 (29.5)
BARC types 1 and 2 103 (36.7)
BARC type 3 175 (62.3)
BARC type 4 24 (8.5)
BARC type 5 5(1.8)

Number of all patients needing transfusions 163 (58)
Number of RBC transfusions, units (n = 163, median (IQR)) 4(2-12)

Stroke within one year 21 (7.5)
Stroke during Impella® therapy 12 (4.3)

Ischemic complications (non-central nervous system) ¥ 56 (19.9)
Intestinal ischemia 25 (8.9)
Limb ischemia 36 (12.8)
Thrombotic complications (jugular venous) 3(1.1)

Worsening of the valve function? 22 (7.8)
Aortic valve 6(2.1)
Mitral valve 14 (5)

New posterior mitral valve chordal rupture 4(14)

Hemorrhagic shock 9(3.2)
Associated with cardiac surgery (included in BARC type 3 bleeding) 4(14)

All vascular complications (aneurysms, dissections, or arteriovenous

fistulas) 12 (4.3)
Vascular complications without surgery 4(14)

BARC, Bleeding Academic Research Consortium; RBC, red blood cells; IQR, interquartile range; and LVEEF,
left ventricular ejection fraction. *, During the ICU stay, multiple types possible. , During Impella® therapy.
1, Multiple factors possible.

The most frequent complication was BARC type 3 bleeding (62%), followed by BARC
types 1 and 2 (37%). The maximum number of RBC units transfused to one surgical patient
was 81. Details of organ failure assessment are described in Table 3. Fifty percent of all
patients developed an AKI (KDIGO stage 1-3), and 23% developed acute kidney failure
(KDIGO stage 3). In patients with KDIGO stage 3, 64% required RRT. Fifty-six percent of
patients developed hemolysis during Impella® support. Thrombocytopenia was detected
in 44% of patients. In patients suffering from bleeding, the median lowest platelet count
was 74 x 109/1 (IQR, 44.3-131), as shown in Table 4.
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Table 3. Organ failure.

Organ Failure Assessment n (%)
Pre-existing chronic kidney disease (not CS related) 40 (14.2)
KDIGO Stage with missing values
0 141 (50.2)
1 38 (13.5)
2 38 (13.5)
3* 64 (22.8)
KDIGO Stage 3 + RRT with missing values (1 = 64) 41 (6411
KDIGO Stage without missing values (n = 273) 273 (97.2)
0 141 (51.7 1)
1 38(13.91)
2 38(139 1
3 56 (20.5 )
KDIGO Stage 3 + RRT without missing values (1 = 56) 39 (69.6 1)
KDIGO Stage for patients with hemolysis (n = 117)
0 40 (3421
1 22 (18.8 1)
2 21 (18 1)
3 34(29.1 1)
KDIGO Stage for patients without hemolysis (1 = 93)
0 61 (65.6 1)
1 8(8.6™
2 10 (10.8 )
3 13 (14 1)
RRT received 97 (34.5)
Regular dialysis prior to hospitalisation 3(1.1)
RRT and death (n = 97) 97 (34.5)
In hospital 64 (661)
After hospitalisation 9(9.3%
Liver failure 36 (12.8)
Multiorgan failure
two organs 67 (23.8)
> three organs 88 (31.3)

CS, cardiogenic shock; KDIGO: Kidney Disease: Improving Global Outcomes; and RRT, renal replacement therapy.
*, All eight patients without a second creatinine measurement due to early death were included in this subgroup.
t, Percentage of the corresponding subgroup.

Table 4. Hemolysis and thrombocytopenia.

Hemolysis and Thrombocytopenia 1 (%), Median (IQR)
Hemolysis 117 (41.6)
Hemolysis without missing values (1 = 210) 117 (55.7)
Thrombocytopenia 123 (43.8)
Nadir of platelets, 109/1
With missing values (n = 279) 108 (60.5-158.5)
Without missing values (n = 271) 104 (60-157)

Nadir of platelets for patients with
thrombocytopenia, 10° /1

With missing values (n = 131) 62 (36.5-78)
Without missing values (n = 123) 60 (34.5-76)
Nadir of platelets & bleeding, 10° /1
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Table 4. Cont.

Hemolysis and Thrombocytopenia n (%), Median (IQR)
With missing values (n = 170) 74 (42.75-131)
Without missing values (1 = 168) 74 (44.25-131)

Nadir of platelets and no bleeding, 10° /1
With missing values (1 = 109) 146 (103-203)
Without missing values (n = 103) 143 (103-199)

4. Discussion

In this retrospective single-centre study we described 281 patients undergoing LV
MCS with an Impella® device. To our knowledge, this is the largest cohort to describe the
most common complications of Impella® support. First, 93% of all patients developed an
adverse event, although we could not always attribute the cause distinctively either to CS
or the Impella®. Second, bleeding was the most common complication (71% of all patients),
followed by hemolysis (in 41.6%). Third, in-hospital (47.7%) and one-year mortality (50.5%)
was comparable to other CS cohorts [14,15]. Fourth, the rate of AKI was at 50% in our
patient cohort, with RRT being required in 35%. Fifth, acute myocardial infarction was the
reason for Impella® implantation in more than two thirds of the patients (70%).

Our mortality rate is comparable to previously reported rates in the Impella mechani-
cal circulatory support device in Italy (IMP-IT) registry [14]. A potential explanation for
these rates may be the severity of illness and an already increased risk of death in patients
requiring LV support via a microaxial pump. Complicating factors such as bleeding and
hemolysis are in themselves also associated with increased mortality [18-20]. However, we
were not able to show a reduction in mortality compared to Swiss AMI patients with CS in
the AMIS Plus Registry [15]. Their reported in-hospital mortality of 49.2% represents the
overall mortality in AMI patients with CS between 1997 and 2017. The authors reported a
decrease in mortality from 47.3% (2007-2013) to 41.0% (2014-2017) over the entire study
period. This may indicate that the use of a microaxial pump in CS might not reduce
mortality as presented in previous studies, although our cohort only included very severe
CS patients [21-24]. Therefore, the documented reduction of the mortality over time in
the AMIS Plus Registry might not be correlated with the increased use and benefit of the
Impella®.

In the existing literature, hemolysis is described as having a rate of 10-62.5% under
Impella® support. Badiye et al. [25] reported a hemolysis rate of 62.5% and suggested a
higher incidence of hemolysis in patients with prolonged LV mechanical support. Another
study reported malpositioning of the microaxial pump as the most common cause for
their hemolysis incidence of 18.6% [20], but did not give a physiologic explanation for this
correlation. This was also pointed out in a study from Burzotta et al. [3], though they only
reported a rate of hemolysis rate of < 10% during long-term LV mechanical support. In
their review, Subramaniam et al. [26] found an occurrence of hemolysis between 10-46%.
They also postulated that longer duration of microaxial pump support to be related to
ongoing hemolysis. Furthermore, hemolysis is often associated with the design of the
device, being of small size and providing a microaxial flow [20,27,28]. This could cause
the destruction of particularly older erythrocytes with less flexible cell walls, mostly likely
occurring at the start of treatment using a microaxial pump [29]. In addition, the wide
variation of clinical cut-offs defining hemolysis in previous studies may also contribute to
the differences in the reported rates.

In our study, hemolysis was detected in 41.6% of all patients. In 71 out of 281 patients
their values concerning hemolysis were missing. It was therefore assumed that these
patients did not suffer from hemolysis. As the Impella® has been in use for nearly two
decades in our hospital and appropriate positioning was regularly confirmed by thoracic
radiography or cardiac echocardiography, experience of proper placement can be assumed
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to be high. Furthermore, the highest LDH plasma concentrations could be measured early
after the insertion of the microaxial pump. Therefore, malposition seems to be less likely to
be responsible for the high rate of hemolysis observed in our cohort. As previously stated,
there is a need for consensus in cut-offs to define hemolysis and to improve comparability
across studies [28]. Our suggestion is to measure haptoglobin during the Impella® therapy
to unveil concomitant hemolysis, as severe long-lasting hemolysis may increase the rate of
AKI in these patients. Exceptionally high LDH levels may foster the decision to withdraw
the device.

In a review published in 2019 [26], a wide range of major bleeding from 0 to 54% was
reported. Several studies described a correlation between the use of the microaxial pump
and an increased risk of bleeding [12,23]. Bleeding was the most common complication in
our study. BARC type 3 bleeding occurred in 62% of all patients, whereas BARC types 1
and 2 (access site bleeding) were seen in 37%. Comparison of our subgroup of CS patients
with AMI to the AMI Switzerland cohort showed a difference in bleeding from 60% to 7%.
We matched BARC type 3 bleeding in our cohort to the AMIS cohort, although they did
not specify grades of bleeding. Compared to our cohort, only 10% of the AMIS patients
were supported by either an ECMO or microaxial pump [15]. Thus, the main reason for
this difference in bleeding might be related to the indication for LV device implantation.

One reason for the high incidence of bleeding could be the larger bore access site
needed for the Impella® compared to the IABP, as previously described [11,12,30]. Other
reasons could be the need for continuous anticoagulation in the presence of dual platelet
inhibition during LV mechanical support [26] or the higher incidence of coagulopathic
disorders in patients with multiple organ failure [31]. In our cohort only 53% of bleeding
patients were treated with dual platelet inhibition. Furthermore, previous studies have
shown a correlation between short-term MCS and the development of acquired von Wille-
brand syndrome [32-34]. This is due to the destruction of the large molecular precursor
protein ADAMTS-13, and may have contributed to the high occurrence of bleeding in our
study. However, as parameters indicating acquired von Willebrand syndrome had not been
recorded, we have no conclusive evidence about the incidence of acquired von Willebrand
syndrome.

AKI occurred in 50% of our overall cohort, and RRT was required in 35% of all
patients. The reported rates of AKI (1% to 32%) during the use of the microaxial pump vary
widely [8,21,22,24,35-38], as does the rate of patients receiving RRT, with reported rates
ranging from 14% to 42% [10,28,38—40]. Amin et al. showed an increase in AKI from the
pre-Impella® to the Impella® era with an odds ratio of 1.91 [11]. A meta-analysis from 2018
demonstrated a higher risk of AKI associated with the use of the Impe11a® [41]. Due to the
retrospective nature of our analysis, we are not able to differentiate between AKI caused by
the LV mechanical support or the mere coincidence of the implanted pump and AKI due to
CS, as acute CS itself is a risk factor for developing AKI due to end-organ hypoperfusion
and congestion. In fact, renal failure is often used as one of the diagnostic criteria of CS [2].
Vallabhajosyula et al. [42] and Tarvasmaéki et al. [43] have reported rates of AKI in patients
with CS of 35% and 31%, respectively. This may suggest that support from the Impella®
might increase the incidence of AKI in CS patients because of the simultaneous occurrence
of CS, hemolysis, and the increased need for red blood cell transfusion [44].

Limb ischemia occurred in 13% of all cases, but no patients needed an amputation.
The Italian IMP-IT registry showed an 13% incidence of limb ischemia in patients with
CS [14]. For patients undergoing high-risk PCI with the use of this microaxial device,
limb ischemia was reported in only 2.8% of patients. Other studies showed an incidence
between 1-4% [3,21,37,40,45,46]. A recent review [26] found an occurrence of limb ischemia
between 0.1-10% and recommended careful and continuous monitoring of distal perfusion
during Impella® therapy. O’Neill et al. [21] suggest that an elective antegrade perfusion
cannula might be useful to reduce acute limb ischemia, especially when hemodynamic
instability requires prolonged mechanical circulatory support.
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Despite the concerning number of adverse events, we think that careful insertion
using vascular ultrasound to avoid direct device complications will be beneficial in patients
with CS. Similarly, a proper selection of patients and the shortest possible percutaneous LV
assist may improve the risk-benefit ratio.

Limitations

This study has several limitations. First, it was performed as a retrospective single-
centre study, and therefore may not be representative for the general population. Second,
data collection was retrospective and is, therefore, subject to recall and ascertainment
bias as well as being unable to provide answers of causality. Third, a control group for
the comparison of patients in acute cardiogenic shock is missing given the predominant
treatment regimen of severe cardiogenic shock patients at our institution. In addition,
a multivariate analysis is not provided. Therefore, our findings remain only hypothesis
generating. Forth, data on adverse events after hospital discharge are not provided, since
readmission and patient follow-up was not necessarily performed at our institution. Fifth,
the specific type of Impella® inserted was not always recorded; and its rotational speed was
not assessed. This may be important information to determine the origin and incidence of
hemolysis. However, these limitations may be used to plan and conduct further prospective
and randomised studies in this field.

5. Conclusions

In our study, 34% of patients in CS and Impella® assistance died within the first week,
while one-year mortality was 50.5%. At the same time, we found a relatively high rate of
severe bleeding, hemolysis, and AKI. These outcomes are in-line with previous studies
showing a mortality in the same range and an increased rate of complications. In particular,
the relatively higher rate of AKI compared to other cohorts with AMI-related CS underlines
the urgent need for a prospective, randomised multi-centre study to elucidate the value
of microaxial, minimally invasive ventricular assist devices in CS. Given the limitations
of our study design, our findings should be considered hypothesis generating and serve
as a catalyst to prospectively assess the safety, indication, and potential complications of
microaxial, minimally invasive LV assist devices.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm10163710/s1, Table S1: Adverse Events stratified by sex, Table S2: Adverse events stratified
by age categories.

Author Contributions: Conceptualization, M.S. and C.E.G.; methodology, A.S.Z.; formal analysis,
A.S.Z. and M.S; investigation, A.S.Z., D.TK. and Y.B.; resources, M.S.; data curation, A.S.Z. and
N.M.Z.; writing—original draft preparation, A.S.Z. and M.S.; writing—review and editing, M.S., G.F,,
AH,DTK,YB,NMZ, AB,D.S., HP and C.E.G,; visualization, A.S.Z. and N.M.Z.; supervision,
M.S., G.F. and C.E.G,; project administration, N.M.Z. and C.E.G. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of Northwestern Switzerland (EKNZ
2021-00002, 28 January 2021).

Informed Consent Statement: According to the Ethics Committee, data of all patients were used
where the patient has not actively declined consent.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to privacy and ethical reasons.

Acknowledgments: The authors are particularly grateful to Allison Dwileski for editorial support.

Conflicts of Interest: D.S. received speaker honoraria and educational grants from Abott and
Medtronic as well as speaker honoraria from Abiomed and Nycomed.


https://www.mdpi.com/article/10.3390/jcm10163710/s1
https://www.mdpi.com/article/10.3390/jcm10163710/s1

J. Clin. Med. 2021, 10, 3710 12 of 14

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Ponikowski, P.; Voors, A.A.; Anker, S.D.; Bueno, H.; Cleland, ].G.F; Coats, A.].S.; Falk, V.; Gonzalez-Juanatey, ].R.; Harjola, V.P;
Jankowska, E.A.; et al. 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for
the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC)Developed with the
special contribution of the Heart Failure Association (HFA) of the ESC. Eur. Heart ]. 2016, 37, 2129-2200. [CrossRef]

Thiele, H.; Zeymer, U. The ESC Textbook of Intensive and Acute Cardiovascular Care Cardiogenic Shock in Patients with Acute Coronary
Syndromes; Oxford University Press: Oxford, UK, 2018.

Burzotta, F,; Trani, C.; Doshi, S.N.; Townend, J.; van Geuns, R.J.; Hunziker, P.; Schieffer, B.; Karatolios, K.; Moller, J.E.; Ribichini,
EL.; et al. Impella ventricular support in clinical practice: Collaborative viewpoint from a European expert user group. Int. |.
Cardiol. 2015, 201, 684-691. [CrossRef]

Rihal, C.S.; Naidu, S.S.; Givertz, M.M.; Szeto, W.Y.; Burke, ].A.; Kapur, N.K.; Kern, M.; Garratt, K.N.; Goldstein, ].A.; Dimas, V.;
et al. 2015 SCAI/ACC/HFSA/STS Clinical Expert Consensus Statement on the Use of Percutaneous Mechanical Circulatory
Support Devices in Cardiovascular Care (Endorsed by the American Heart Association, the Cardiological Society of India, and
Sociedad Latino Americana de Cardiologia Intervencion; Affirmation of Value by the Canadian Association of Interventional
Cardiology-Association Canadienne de Cardiologie d’intervention). J. Card Fail. 2015, 21, 499-518. [CrossRef]

Chieffo, A.; Burzotta, F.; Pappalardo, F; Briguori, C.; Garbo, R.; Masiero, G.; Nicolini, E.; Ribichini, E; Trani, C.; Alvarez, B.C.; et al.
Clinical expert consensus document on the use of percutaneous left ventricular assist support devices during complex high-risk
indicated PCI: Italian Society of Interventional Cardiology Working Group Endorsed by Spanish and Portuguese Interventional
Cardiology Societies. Int. J. Cardiol. 2019, 293, 84-90. [CrossRef] [PubMed]

Thiele, H.; Zeymer, U.; Neumann, EJ.; Ferenc, M.; Olbrich, H.G.; Hausleiter, J.; Richardt, G.; Hennersdorf, M.; Empen, K.; Fuernau,
G.; et al. Intraaortic balloon support for myocardial infarction with cardiogenic shock. N. Engl. ]. Med. 2012, 367, 1287-1296.
[CrossRef]

Burkhoff, D.; Sayer, G.; Doshi, D.; Uriel, N. Hemodynamics of Mechanical Circulatory Support. J. Am. Coll. Cardiol. 2015, 66,
2663-2674. [CrossRef]

O’Neill, WW.; Kleiman, N.S.; Moses, J.; Henriques, J.P.; Dixon, S.; Massaro, J.; Palacios, I.; Maini, B.; Mulukutla, S.; Dzavik, V.;
et al. A prospective, randomized clinical trial of hemodynamic support with Impella 2.5 versus intra-aortic balloon pump in
patients undergoing high-risk percutaneous coronary intervention: The PROTECT II study. Circulation 2012, 126, 1717-1727.
[CrossRef]

Bochaton, T.; Huot, L.; Elbaz, M.; Delmas, C.; Aissaoui, N.; Farhat, F.; Mewton, N.; Bonnefoy, E. Mechanical circulatory support
with the Impella® LP5.0 pump and an intra-aortic balloon pump for cardiogenic shock in acute myocardial infarction: The
IMPELLA-STIC randomized study. Arch. Cardiovasc. Dis. 2020, 113, 237-243. [CrossRef]

Ouweneel, D.M.; Eriksen, E.; Sjauw, K.D.; van Dongen, L.M.; Hirsch, A.; Packer, E.J.; Vis, M.M.; Wykrzykowska, ].J.; Koch, K.T.;
Baan, J.; et al. Percutaneous mechanical circulatory support versus intra-aortic balloon pump in cardiogenic shock after acute
myocardial infarction. J. Am. Coll. Cardiol. 2017, 69, 278-287. [CrossRef]

Amin, A.P; Spertus, ].A.; Curtis, ].P; Desai, N.; Masoudi, F.A.; Bach, R.G.; McNeely, C.; Al-Badarin, F,; House, ].A.; Kulkarni, H.;
et al. The evolving landscape of Impella use in the United States among patients undergoing percutaneous coronary intervention
with mechanical circulatory support. Circulation 2020, 141, 273-284. [CrossRef]

Wernly, B.; Seelmaier, C.; Leistner, D.; Stahli, B.E.; Pretsch, I.; Lichtenauer, M.; Jung, C.; Hoppe, U.C.; Landmesser, U.; Thiele, H.;
et al. Mechanical circulatory support with Impella versus intra-aortic balloon pump or medical treatment in cardiogenic shock-a
critical appraisal of current data. Clin. Res. Cardiol. 2019, 108, 1249-1257. [CrossRef] [PubMed]

Dhruva, S.S.; Ross, ].S.; Mortazavi, B.J.; Hurley, N.C.; Krumholz, H.M.; Curtis, ].P.; Berkowitz, A.; Masoudi, F.A.; Messenger, ].C.;
Parzynski, C.S.; et al. Association of use of an intravascular microaxial left ventricular assist device vs intra-aortic balloon pump
with in-hospital mortality and major bleeding among patients with acute myocardial infarction complicated by cardiogenic shock.
JAMA 2020, 323, 734-745. [CrossRef] [PubMed]

Chieffo, A.; Ancona, M.B.; Burzotta, F.; Pazzanese, V.; Briguori, C.; Trani, C.; Piva, T.; De Marco, F,; Di Biasi, M.; Pagnotta, P; et al.
Observational multicentre registry of patients treated with IMPella mechanical circulatory support device in ITaly: The IMP-IT
registry. Eurolntervention 2020, 15, e1343—e1350. [CrossRef]

Hunziker, L.; Radovanovic, D.; Jeger, R.; Pedrazzini, G.; Cuculi, F; Urban, P; Erne, P,; Rickli, H.; Pilgrim, T. Twenty-Year trends in
the incidence and outcome of cardiogenic shock in AMIS Plus Registry. Circ. Cardiovasc. Interv. 2019, 12, e007293. [CrossRef]
[PubMed]

Mehran, R.; Rao, S.V.; Bhatt, D.L.; Gibson, C.M.; Caixeta, A.; Eikelboom, J.; Kaul, S.; Wiviott, S.D.; Menon, V.; Nikolsky, E.; et al.
Standardized bleeding definitions for cardiovascular clinical trials: A consensus report from the Bleeding Academic Research
Consortium. Circulation 2011, 123, 2736-2747. [CrossRef] [PubMed]

Section 2: AKI Definition. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4089595/ (accessed on 21 June
2021).

Chatterjee, S.; Wetterslev, J.; Sharma, A.; Lichstein, E.; Mukherjee, D. Association of blood transfusion with increased mortality in
myocardial infarction: A meta-analysis and diversity-adjusted study sequential analysis. JAMA Intern. Med. 2013, 173, 132-139.
[CrossRef] [PubMed]


http://doi.org/10.1093/eurheartj/ehw128
http://doi.org/10.1016/j.ijcard.2015.07.065
http://doi.org/10.1016/j.cardfail.2015.03.002
http://doi.org/10.1016/j.ijcard.2019.05.065
http://www.ncbi.nlm.nih.gov/pubmed/31174920
http://doi.org/10.1056/NEJMoa1208410
http://doi.org/10.1016/j.jacc.2015.10.017
http://doi.org/10.1161/CIRCULATIONAHA.112.098194
http://doi.org/10.1016/j.acvd.2019.10.005
http://doi.org/10.1016/j.jacc.2016.10.022
http://doi.org/10.1161/CIRCULATIONAHA.119.044007
http://doi.org/10.1007/s00392-019-01458-2
http://www.ncbi.nlm.nih.gov/pubmed/30900010
http://doi.org/10.1001/jama.2020.0254
http://www.ncbi.nlm.nih.gov/pubmed/32040163
http://doi.org/10.4244/EIJ-D-19-00428
http://doi.org/10.1161/CIRCINTERVENTIONS.118.007293
http://www.ncbi.nlm.nih.gov/pubmed/30943781
http://doi.org/10.1161/CIRCULATIONAHA.110.009449
http://www.ncbi.nlm.nih.gov/pubmed/21670242
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4089595/
http://doi.org/10.1001/2013.jamainternmed.1001
http://www.ncbi.nlm.nih.gov/pubmed/23266500

J. Clin. Med. 2021, 10, 3710 13 of 14

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Eikelboom, ].W.; Mehta, S.R.; Anand, S.S.; Xie, C.; Fox, K.A.; Yusuf, S. Adverse impact of bleeding on prognosis in patients with
acute coronary syndromes. Circulation 2006, 114, 774-782. [CrossRef]

Chung, J.S.; Emerson, D.; Ramzy, D.; Akhmerov, A.; Megna, D.; Esmailian, F.; Kobashigawa, J.; Cole, R.M.; Moriguchi, J.; Trento, A.
A New Paradigm in Mechanical Circulatory Support: 100-Patient Experience. Ann. Thorac. Surg. 2020, 109, 1370-1377. [CrossRef]
[PubMed]

O’Neill, WW.; Schreiber, T.; Wohns, D.H.; Rihal, C.; Naidu, S.S.; Civitello, A.B.; Dixon, S.R.; Massaro, ].M.; Maini, B.; Ohman,
E.M. The current use of Impella 2.5 in acute myocardial infarction complicated by cardiogenic shock: Results from the USpella
Registry. J. Interv. Cardiol. 2014, 27, 1-11. [CrossRef] [PubMed]

Cohen, M.G.; Matthews, R.; Maini, B.; Dixon, S.; Vetrovec, G.; Wohns, D.; Palacios, I.; Popma, J.; Ohman, E.M.; Schreiber, T.; et al.
Percutaneous left ventricular assist device for high-risk percutaneous coronary interventions: Real-world versus clinical trial
experience. Am. Heart ]. 2015, 170, 872-879. [CrossRef] [PubMed]

Anderson, M.B.; Goldstein, J.; Milano, C.; Morris, L.D.; Kormos, R.L.; Bhama, J.; Kapur, N.K.; Bansal, A.; Garcia, J.; Baker, ].N.;
et al. Benefits of a novel percutaneous ventricular assist device for right heart failure: The prospective RECOVER RIGHT study of
the Impella RP device. |. Heart Lung Transpl. 2015, 34, 1549-1560. [CrossRef]

Maini, B.; Naidu, S.S.; Mulukutla, S.; Kleiman, N.; Schreiber, T.; Wohns, D.; Dixon, S.; Rihal, C.; Dave, R.; O’Neill, W. Real-world
use of the Impella 2.5 circulatory support system in complex high-risk percutaneous coronary intervention: The USpella Registry.
Catheter. Cardiovasc. Interv. 2012, 80, 717-725. [CrossRef]

Badiye, A.P; Hernandez, G.A.; Novoa, I.; Chaparro, S.V. Incidence of hemolysis in patients with cardiogenic shock treated with
Impella percutaneous left ventricular assist device. Asaio J. 2016, 62, 11-14. [CrossRef]

Subramaniam, A.V.; Barsness, G.W.; Vallabhajosyula, S. Complications of temporary percutaneous mechanical circulatory support
for cardiogenic shock: An appraisal of contemporary literature. Cardiol. Ther. 2019, 8, 211-228. [CrossRef] [PubMed]

Dixon, S.R.; Henriques, J.P.; Mauri, L.; Sjauw, K.; Civitello, A.; Kar, B.; Loyalka, P; Resnic, ES.; Teirstein, P.; Makkar, R.; et al.
A prospective feasibility trial investigating the use of the Impella 2.5 system in patients undergoing high-risk percutaneous
coronary intervention (The PROTECT I Trial): Initial U.S. experience. JACC Cardiovasc. Interv. 2009, 2, 91-96. [CrossRef]
Monteagudo-Vela, M.; Simon, A.; Riesgo Gil, F,; Rosenberg, A.; Dalby, M.; Kabir, T.; Garcia Saez, D.; Panoulas, V. Clinical
indications of IMPELLA short-term mechanical circulatory support in a tertiary Centre. Cardiovasc. Revasc. Med. 2019, 21, 629-637.
[CrossRef] [PubMed]

Hall, J.E.; Guyton, A.C. Red Blood Cells, Anemia, and Polycythemia Guyton and Hall Textbook of Medical Physiology, 12th ed.; Saunders:
Philadelphia, PA, USA; Elsevier: Amsterdam, The Netherlands, 2011; p. 1120.

Schrage, B.; Ibrahim, K.; Loehn, T.; Werner, N.; Sinning, ].M.; Pappalardo, E; Pieri, M.; Skurk, C.; Lauten, A.; Landmesser, U.; et al.
Impella support for acute myocardial infarction complicated by cardiogenic shock. Circulation 2019, 139, 1249-1258. [CrossRef]
[PubMed]

Manzo-Silberman, S.; Fichet, J.; Mathonnet, A.; Varenne, O.; Ricome, S.; Chaib, A.; Zuber, B.; Spaulding, C.; Cariou, A.
Percutaneous left ventricular assistance in post cardiac arrest shock: Comparison of intra aortic blood pump and IMPELLA
Recover LP2.5. Resuscitation 2013, 84, 609-615. [CrossRef]

Goldfarb, M.; Czer, L.S.; Lam, L.D.; Moriguchi, J.; Arabia, F.A.; Volod, O. High molecular weight von Willebrand factor multimer
loss and bleeding in patients with short-term mechanical circulatory support devices: A case series. J. Extra Corpor. Technol. 2018,
50, 77-82.

Flierl, U.; Tongers, J.; Berliner, D.; Sieweke, ].T.; Zauner, E,; Wingert, C.; Riehle, C.; Bauersachs, J.; Schéfer, A. Acquired von
Willebrand syndrome in cardiogenic shock patients on mechanical circulatory microaxial pump support. PLoS ONE 2017, 12,
e0183193. [CrossRef]

Davis, M.E.; Haglund, N.A.; Tricarico, N.M.; Keebler, M.E.; Maltais, S. Development of acquired von Willebrand syndrome
during short-term micro axial pump support: Implications for bleeding in a patient bridged to a long-term continuous-flow left
ventricular assist device. Asaio J. 2014, 60, 355-357. [CrossRef] [PubMed]

Schreiber, T.; Wah Htun, W.; Blank, N.; Telila, T.; Mercado, N.; Briasoulis, A.; Kaki, A.; Kondur, A.; Munir, A.; Grines, C. Real-world
supported unprotected left main percutaneous coronary intervention with impella device; data from the USpella registry. Catheter.
Cardiovasc. Interv. 2017, 90, 576-581. [CrossRef] [PubMed]

Sjauw, K.D.; Konorza, T.; Erbel, R.; Danna, P.L.; Viecca, M.; Minden, H.H.; Butter, C.; Engstrom, T.; Hassager, C.; Machado, EP;
et al. Supported high-risk percutaneous coronary intervention with the Impella 2.5 device the Europella registry. J. Am. Coll.
Cardiol. 2009, 54, 2430-2434. [CrossRef] [PubMed]

Flaherty, M.P,; Pant, S.; Patel, S.V.; Kilgore, T.; Dassanayaka, S.; Loughran, ].H.; Rawasia, W.; Dawn, B.; Cheng, A.; Bartoli, C.R.
Hemodynamic support with a microaxial percutaneous left ventricular assist device (Impella) protects against acute kidney
injury in patients undergoing high-risk percutaneous coronary intervention. Circ. Res. 2017, 120, 692-700. [CrossRef]

Lauten, A.; Engstrom, A.E.; Jung, C.; Empen, K; Erne, P.; Cook, S.; Windecker, S.; Bergmann, M.W.; Klingenberg, R.; Luscher,
T.F; et al. Percutaneous left-ventricular support with the Impella-2.5-assist device in acute cardiogenic shock: Results of the
Impella-EUROSHOCK-registry. Circ. Heart Fail. 2013, 6, 23-30. [CrossRef]

Baumann, S.; Werner, N.; Al-Rashid, F; Schafer, A.; Bauer, T.; Sotoudeh, R.; Bojara, W.; Shamekhi, J.; Sinning, ]. M.; Becher, T.; et al.
Six months follow-up of protected high-risk percutaneous coronary intervention with the microaxial Impella pump: Results from
the German Impella registry. Coron. Artery Dis. 2020, 31, 237-242. [CrossRef] [PubMed]


http://doi.org/10.1161/CIRCULATIONAHA.106.612812
http://doi.org/10.1016/j.athoracsur.2019.08.041
http://www.ncbi.nlm.nih.gov/pubmed/31563492
http://doi.org/10.1111/joic.12080
http://www.ncbi.nlm.nih.gov/pubmed/24329756
http://doi.org/10.1016/j.ahj.2015.08.009
http://www.ncbi.nlm.nih.gov/pubmed/26542494
http://doi.org/10.1016/j.healun.2015.08.018
http://doi.org/10.1002/ccd.23403
http://doi.org/10.1097/MAT.0000000000000290
http://doi.org/10.1007/s40119-019-00152-8
http://www.ncbi.nlm.nih.gov/pubmed/31646440
http://doi.org/10.1016/j.jcin.2008.11.005
http://doi.org/10.1016/j.carrev.2019.12.010
http://www.ncbi.nlm.nih.gov/pubmed/31859100
http://doi.org/10.1161/CIRCULATIONAHA.118.036614
http://www.ncbi.nlm.nih.gov/pubmed/30586755
http://doi.org/10.1016/j.resuscitation.2012.10.001
http://doi.org/10.1371/journal.pone.0183193
http://doi.org/10.1097/MAT.0000000000000069
http://www.ncbi.nlm.nih.gov/pubmed/24614358
http://doi.org/10.1002/ccd.26979
http://www.ncbi.nlm.nih.gov/pubmed/28417594
http://doi.org/10.1016/j.jacc.2009.09.018
http://www.ncbi.nlm.nih.gov/pubmed/20082934
http://doi.org/10.1161/CIRCRESAHA.116.309738
http://doi.org/10.1161/CIRCHEARTFAILURE.112.967224
http://doi.org/10.1097/MCA.0000000000000824
http://www.ncbi.nlm.nih.gov/pubmed/31658135

J. Clin. Med. 2021, 10, 3710 14 of 14

40.

41.

42.

43.

44.

45.

46.

Karami, M.; den Uil, C.A.; Ouweneel, D.M.; Scholte, N.T.; Engstrom, A.E.; Akin, S.; Lagrand, WK_; Vlaar, A.P; Jewbali, L.S.;
Henriques, J.P. Mechanical circulatory support in cardiogenic shock from acute myocardial infarction: Impella CP/5.0 versus
ECMO. Eur. Heart J. Acute Cardiovasc. Care 2020, 9, 164-172. [CrossRef]

Rios, S.A.; Bravo, C.A.; Weinreich, M.; Olmedo, W.; Villablanca, P.; Villela, M.A.; Ramakrishna, H.; Hirji, S.; Robles, O.A.; Mahato,
P; et al. Meta-Analysis and trial sequential analysis comparing percutaneous ventricular assist devices versus intra-aortic balloon
pump during high-risk percutaneous coronary intervention or cardiogenic shock. Am. J. Cardiol. 2018, 122, 1330-1338. [CrossRef]
Vallabhajosyula, S.; Dunlay, S.M.; Prasad, A.; Kashani, K.; Sakhuja, A.; Gersh, B.].; Jaffe, A.S.; Holmes, D.R.; Barsness, G.W., Jr.
Acute noncardiac organ failure in acute myocardial infarction with cardiogenic shock. J. Am. Coll. Cardiol. 2019, 73, 1781-1791.
[CrossRef] [PubMed]

Tarvasmaiki, T.; Haapio, M.; Mebazaa, A.; Sionis, A.; Silva-Cardoso, J.; Tolppanen, H.; Lindholm, M.G.; Pulkki, K.; Parissis, J.;
Harjola, V.P; et al. Acute kidney injury in cardiogenic shock: Definitions, incidence, haemodynamic alterations, and mortality.
Eur. J. Heart Fail. 2018, 20, 572-581. [CrossRef]

Rasmussen, S.R.; Kandler, K.; Nielsen, R.V.; Jakobsen, P.C.; Ranucci, M.; Ravn, H.B. Association between transfusion of blood
products and acute kidney injury following cardiac surgery. Acta Anaesthesiol Scand. 2020, 64, 1397-1404. [CrossRef]

Ouweneel, D.M.; de Brabander, J.; Karami, M.; Sjauw, K.D.; Engstrom, A.E.; Vis, M.M.; Wykrzykowska, ].J.; Beijk, M.A.; Koch,
K.T.; Baan, J.; et al. Real-life use of left ventricular circulatory support with Impella in cardiogenic shock after acute myocardial
infarction: 12 years AMC experience. Eur. Heart |. Acute Cardiovasc. Care 2019, 8, 338-349. [CrossRef]

Seyfarth, M.; Sibbing, D.; Bauer, 1.; Frohlich, G.; Bott-Flugel, L.; Byrne, R.; Dirschinger, J.; Kastrati, A.; Schomig, A. A randomized
clinical trial to evaluate the safety and efficacy of a percutaneous left ventricular assist device versus intra-aortic balloon pumping
for treatment of cardiogenic shock caused by myocardial infarction. J. Am. Coll. Cardiol. 2008, 52, 1584-1588. [CrossRef] [PubMed]


http://doi.org/10.1177/2048872619865891
http://doi.org/10.1016/j.amjcard.2018.07.011
http://doi.org/10.1016/j.jacc.2019.01.053
http://www.ncbi.nlm.nih.gov/pubmed/30975295
http://doi.org/10.1002/ejhf.958
http://doi.org/10.1111/aas.13664
http://doi.org/10.1177/2048872618805486
http://doi.org/10.1016/j.jacc.2008.05.065
http://www.ncbi.nlm.nih.gov/pubmed/19007597

	Introduction 
	Materials and Methods 
	Study Population 
	Data Collection 
	Definition of Adverse Events and Outcomes 
	Study Endpoints 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

