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Abstract

Impella® devices are increasingly utilized for hemodynamic support in high risk percutaneous
coronary intervention or cardiogenic shock despite a lack of randomized clinical trial data showing
clinical benefit and newer observational data suggesting harm. In this retrospective analysis, our
aim was to determine the most common adverse events associated with Impella® usage reported
annually to the Food and Drug Administration Manufacturer and User Facility Device Experience
(MAUDE) database and to estimate via the National Inpatient Sample (NIS) database the number
of percutaneous ventricular assist devices (pVVAD) utilized and associated with inpatient mortality
since introduction of the Impella®. Among the 885 complete reports submitted to the MAUDE
database between 2008 and 2019 related to Impella® usage, there were 1206 complications coded;
88.2% of reports occurred between 2016 and 2019. Among patients with adverse events reported,
bleeding (32.8%), device deployment or retrieval issues (18.2%), vascular complications (15.8%),
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and death (12.4%) were the most common, and 7.9% of all complications were attributable to
operator decision-making or technique. Between 2007 and 2017 there was a >100-fold increase in
pVAD use with an increase and plateau in in-hospital mortality to 31% between 2012—2016
based on NIS data. In conclusion, Impella® use has increased substantially over the last decade
but remains associated with high inpatient mortality and serious complications based on data from
the NIS and MAUDE databases. These findings emphasize the need for high quality randomized
controlled trials to determine the clinical utility of Impella® in high risk percutaneous coronary
intervention and cardiogenic shock.
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Impella®; mechanical circulatory support; high risk percutaneous coronary intervention;
cardiogenic shock

Introduction

Methods

Mechanical circulatory support (MCS) is increasingly utilized to mitigate the adverse events
associated with high risk percutaneous coronary intervention (PCI) and cardiogenic shock
(CS).1 Intra-aortic balloon pumps (IABP) and Impella® devices are used most commonly
despite a lack of evidence demonstrating improved outcomes.2> Recently, 2 large
observational studies have further contested the benefit of improved hemodynamics achieved
with Impella® support.5.7 These studies showed that among patients undergoing PCI with
either Impella® or IABP support, Impella® use was associated with more adverse outcomes
including death and major bleeding after adjusting for patient severity. As such, there
remains considerable uncertainty regarding the benefits of MCS and incomplete
understanding of the associated complications in contemporary clinical practice. Herein, we
aimed to better define the complications related to Impella® usage in an analysis of the
United States Food and Drug Administration Manufacturer and User Facility Device
Experience (MAUDE) post-marketing surveillance database which compiles voluntary
reports of suspected device-associated deaths, serious injuries, and malfunctions. In addition,
we utilized the nationally representative National Inpatient Sample (NIS) database to assess
the temporal trends of percutaneous ventricular assist device (p\VVAD) utilization and in-
hospital mortality.

The MAUDE database was queried for the time period January 1, 2008 through December
31, 2019 for reports pertaining to the brand name “Impella®” inclusive of the Impella® 2.5,
CP, 5.0, 5.5, and RP. Complications were coded by independent physician review with
multiple complications allowed per report. Reports that were incomplete, duplicate, or did
not provide adverse event data were excluded. Complications were defined as follows:

1. Bleeding: Any blood loss resulting in transfusion occurring at the time of device
placement, during patient support, or at the time of device retrieval.
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2. Deployment or retrieval issue: Any event during device placement or retrieval
resulting in a subsequent complication or placement of a new or alternative
hemodynamic support device.

3. Vascular complication: Any device-related injury requiring vascular surgery
intervention

4. Death: Any patient that expired after attempted or successful placement of a
device

5. Hemolysis: Based on event description or abnormal lab value(s) consistent with
hemolysis.

6. Limb ischemia: Any evidence of loss of ipsilateral limb perfusion.

7. Power failure: Any unintended loss of device function

8. Structural: Any cardiac chamber perforation resulting in pericardiocentesis or

any valvular damage resulting in surgical repair or replacement

9. Defect/other: Any device or device component with compromised structural or
functional integrity “out of the box™ or any complication not listed.

10.  Thrombosis: based on event description of thrombus in or on device resulting in
malfunction.

11.  Stroke: Any new neurologic deficit in a patient with the device concurrently
implanted

12.  Unknown: No complication identified within a report

A report was coded as having a complication attributable to operator-related technique or
decision-making if the device or its components were used without adherence to
manufacturer recommendations (e.g., advancing device without a wire, using a non-
compatible sheath, etc.). This definition does not encompass off-label use.

The NIS is an inpatient claims database provided by the Agency for Healthcare Quality and
Research representative of the total U.S. population. We used the NIS to estimate annual
pVAD volume based on ICD-9 codes (prior to Q4 2015) and ICD-10 codes thereafter
(eTable 1). Although ICD codes for pVAD use include both Impella® and TandemHeart®
devices, as of July 2020 only 1000 total TandemHeart® devices have been utilized
worldwide making Impella® the most representative device by far.8 All volumes were
converted to national averages based on the NIS survey weighting methodology.

Between the years 2008 and 2019, 931 reports were submitted to the MAUDE database
detailing complications related to Impella® use. A total of 46 reports were excluded that
were either incomplete, duplicate, or did not include adverse event data. The remaining 885
reports were coded and included a total of 1206 complications (Figure 1A) including 2
complications in 35.4% of reports, and 3 complications in 6.1% of reports. Shock was the
most common indication for Impella® use (42.2%) followed by PCI (23.2%), and post-
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cardiothoracic surgery (8.8%). An indication was not specified in 25.9% of reports. The
relative frequency of coded complications is shown in Figure 1B. Bleeding was the most
commonly coded complication (32.8%), followed by deployment or retrieval issue (18.2%)
and vascular complications (15.8%). Patient death was included in 12.4% of the 885 coded
reports. The majority (88.2%) of reports were submitted between 2016 and 2019. During
this time reports of bleeding decreased from their highest in 2018 (44.0%) to their lowest in
2019 (27.9%) but the proportion of vascular complications remained high at approximately
19% and limb ischemia increased from a low of 2.4% in 2016 to a high of 14.9% in 2019.
Reporting of patient death declined each year during this period however from a high of
25.9% in 2016 to a low of 6.0% in 2019. Although 7.9% of complications were operator
related, this proportion decreased substantially over time from 33.3% of reports in 2008/9 to
3.8% of reports in 2019 (eFigure 1).

Based on NIS data estimates, pVAD use increased from 6,838 cases between 2007 and 2011
to 55,565 cases between 2012 and 2017 with 19,155 cases in 2017 alone (Figure 2). Since
the introduction of the Impella® in 2008, unadjusted inpatient mortality rates among
patients receiving the device increased from a low of 23.1% in 2009 to a plateau of ~31%
between the years 2012 and 2016. In 2017, the last year for which data were available, in-
hospital mortality decreased to 28.6%.

Discussion

Impella® devices are increasingly utilized for hemodynamic support in high risk PCI and
CS but with limited randomized clinical trial data showing improved clinical outcomes and
more recent observational data suggesting a net clinical harm compared with IABP.87 In our
analysis of the MAUDE database, we describe the frequency of complications among
patients with a voluntarily reported adverse event related to Impella® use. The most
commonly reported complications included bleeding, issues with device deployment or
retrieval, vascular complications, and in-hospital death. Between initial device approval in
2008 and 2017, reports of death and bleeding declined but vascular complications and limb
ischemia reports increased, which may be due to increased utilization of larger bore
Impella® devices or use in more challenging patients. Complications that were attributable
to operator decision-making or technical skill decreased over the course of MAUDE
reporting but still accounted for 3.8% of all reported complications in 2019 highlighting the
need for appropriate operator training and experience in the placement and later
management of these large bore devices.

Although reports of Impella®-related death to the MAUDE database decreased over time, a
different picture emerges when examining in-hospital outcomes using the NIS database.
Following introduction of the Impella® in 2008, inpatient mortality rates increased in those
who received a pVAD, reaching a plateau between 2012 and 2016. The decrease in mortality
in the year 2017 may represent increased device utilization in less critically-ill patients as
described by Amin et al®. Overall, the NIS estimates a lower observed inpatient mortality
rate when compared to the 45.0% mortality risk estimated by Dhruva et al.”
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The MAUDE database is a passive reporting system with potential inclusion of incomplete,
inaccurate or biased device reporting. Importantly, the number of complications coded from
the database likely underestimate the true number events due to underreporting to the FDA
MAUDE system.® Moreover, proportions of adverse events related to Impella® use reported
to the MAUDE database do not represent true frequencies of events due to an unknown
denominator. The NIS has a number of limitations including potential for miscoding,
minimal clinical data, and the mortality data not being risk adjusted. Rates of adverse
outcomes associated with pVAD use reflect a range of devices most notably TandemHeart®
in addition to Impella®, although Impella® is by far the most common of these devices in
current clinical practice.

In conclusion, based on analysis of the MAUDE and NIS databases, Impella® use has
increased substantially since its introduction but remains associated with serious
complications and high inpatient mortality. These findings emphasize the need for high
quality randomized controlled trials to determine the clinical utility of Impella® in high risk
PCI and CS.10.11
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Figure 1:

Complications Related to Impella® Usage Reported to the MAUDE Database.
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Figure 2:
National pVAD Volume and Observed Inpatient Mortality Rates.

Blue bars represent annual number of pVADs and orange line represents annual inpatient
mortality. pVAD: percutaneous ventricular assist device
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