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The Impella (Abiomed, Danvers, Massachusetts) device is increasingly used for mechani-
cal circulatory support (MCS) to treat acute severe cardiogenic shock (CS). Initial and
continued determination of the appropriate degree of MCS is challenging. This study eval-
uates predictors of mortality in patients treated with the Impella for acute severe CS and
outcomes associated with prolonged Impella use. This retrospective single-center study
included 204 patients treated with the Impella 2.5, Impella CP, or Impella 5.0 from 2011
to 2018 for acute severe CS. The primary end point was all-cause in-hospital mortality.
All-cause in-hospital mortality was 45.1%. Nonsurvivors had a lower initial pH (7.24 vs
7.32, hazard ratio [HR] 1.03, p <0.0001), lower serum CO, (19.1 vs 21.3 mmol/L, HR 1.08,
p = 0.002), higher lactate (6.8 vs 3.3 mmol/L, HR 1.17, p <0.0001), and used a greater num-
ber of vasopressors and inotropes (4.3 vs 2.6, HR 1.44, p <0.0001). Patients with the
Impella >4 days (n =45) had a longer intensive care unit stay (12.6 vs 6.9 days, p <0.001),
longer total hospital stay (16.4 vs 11.6 days, p =0.03), longer mechanical ventilation use
(7.8 vs 4.4 days, p=0.002), and trend toward increased mortality (57.8 vs 41.5%,
p =0.051). In conclusion, in patients treated with the Impella for acute severe CS, initial
biochemical parameters and need for vasopressors and inotropes are significant predic-
tors of mortality that can serve as valuable indicators of whether the Impella or higher
level of MCS is more appropriate. Patients treated with the Impella beyond 4 days have

poorer outcomes and may benefit from escalation of care. © 2019 Published by Elsevier

Inc. (Am J Cardiol 2019;124:499—504)

The increased use of evidence-based medical therapy and
interventions has reduced hosPital mortality rates for patients
with cardiogenic shock (CS).” Multiple retrospective studies
have shown improved hemodynamics and survival with the
Impella (Abiomed, Danvers, Massachusetts).2_9 These favor-
able outcomes have led to increased use of the Impella for
mechanical circulatory support (MCS) in treating acute
severe CS. However, the initial and continued determination
of the appropriate level of MCS during hospitalization
remains challenging. The Impella 2.5, Impella CP, Impella
5.0, and Impella LD Catheters are intended for short-term use
(<4 days for Impella 2.5 and CP; <6 days for Impella 5.0 and
LD) to treat acute refractory CS.'” Despite these recommen-
dations, prolonged use of the Impella in the treatment of CS
has been observed with unknown outcomes. This study evalu-
ates predictors of mortality in patients treated with the
Impella for acute severe CS and outcomes associated with
prolonged Impella use (>4 days).
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Methods

This study was approved by Western Institutional Review
Board (WIRB, study number 1170792). A retrospective anal-
ysis was conducted of all patients treated with the Impella
2.5, Impella CP, or Impella 5.0 from 2011 to 2018 at a single
institution for hemodynamic support in acute severe CS.
Patients treated with the Impella 2.5, Impella CP, or Impella
5.0 for acute severe CS were included. Severe CS was
defined as a systolic blood pressure <90 mm Hg for at least
30 minutes or the need for vasopressors or inotropes to main-
tain a systolic blood pressure >90 mm Hg. Patients who
received the Impella for high-risk percutaneous coronary
intervention or after starting venoarterial extracorporeal
membrane oxygenation were excluded. Patient baseline
characteristics were obtained through review of the elec-
tronic medical record. Preimplantation parameters were
defined as initial values before the use of the Impella.

The primary end point was all-cause in-hospital mortality,
defined as death from all causes during index hospitalization.
Death included natural death, withdrawal of care leading to
death, and discharge to hospice. Survivors were defined as
those patients with successful explantation of the Impella
and discharge to either home or a rehabilitation facility.

t Tests were used to compare means of continuous varia-
bles for the outcome of mortality. To test for differences in
probability of mortality across groups, binomial tests of
proportions were performed. The Cochran-Armitage test is
used to test for a monotonic trend in proportions. Univariate
Cox proportional hazards models were used to generate
hazard ratios (HR) for each predictor of mortality. The total
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hospital length of stay (days) was used as the time-to-event
variable in all survival analyses. Individual Kaplan-Meier
curves were constructed for lactate, pH, serum CO,, and
total number of vasopressors and inotropes used. The
Kaplan-Meier curves were stratified according to the quar-
tiles of each predictor. The log-rank test was used to test for
significant survival differences, with the Bonferroni method
used to adjust the p-value for multiple comparisons. A sig-
nificance level of 0.05 was used for all tests. SAS version
9.4 was used for all analyses. Kaplan-Meier curves were
generated from JMP Pro 13.

Results

A total of 204 patients received the Impella for treatment
of acute severe CS from March 2011 to July 2018 at a sin-
gle institution. Table 1 shows baseline characteristics. The
etiology of acute severe CS included 112 (54.9%) patients
with ST-elevation myocardial infarction, 50 (24.5%) with
non ST-elevation myocardial infarction, 27 (13.2%) with
cardiac arrest, 7 (3.4%) with ischemic cardiomyopathy, 4
(2.0%) with nonischemic cardiomyopathy, and 4 (2.0%)
with acute myocarditis.

All but 4 patients required at least 1 vasopressor or ino-
trope before receiving the Impella. Vasopressors and

Table 1
Baseline Characteristics (n =204)

Demographics and comorbidities

Age (years) 60.3 £12.0 62.5(16.3)
Male sex 145 (71.1%)
White 153 (75.0%)
Black 33 (16.2%)
Hispanic 11 (5.4%)
Asian 7 (3.4%)
Coronary artery disease 177 (86.8%)
Hypertension 146 (71.6%)
Current or prior smoker 119 (58.3%)
Hypercholesterolemia 109 (53.4%)
Diabetes mellitus 99 (48.5%)
Obesity (body mass index >30 kg/mz) 86 (42.4%)
Congestive heart failure 51 (25.0%)
Previous myocardial infarction 30 (14.7%)
Alcohol abuse 25 (12.3%)
Chronic obstructive pulmonary disease 22 (10.8%)

Stroke 22 (10.8%)
End stage renal disease 5(2.5%)
Illicit drug use 6 (2.9%)
Pre-Impella hemodynamic and biochemical
parameters
Admitting left ventricular ejection fraction (%) 21.5+ 11.7 20 (10)

Initial Fick cardiac index (L/min/m?>) 1.94+0.7 1.8 (0.6)
Initial pulmonary capillary wedge pressure 26.5+£9.3 26 (11.5)
(mm Hg)

Initial lactate (mmol/L) 52+4.1 3.7 (4.8)
Initial pH 728 £0.14  7.3(0.18)
Initial CO, (mmol/L) 203 +4.7 20 (6)
Initial SVO, (%) 553+ 158  57(20.8)
Vasopressors and inotropes used 34+£1.6 303

Values are mean £ SD with median (IQR), or n (%).

Hypertension defined as >140/90 mm Hg.

Hypercholesterolemia defined as total cholesterol >200 mg/dl or low-density
lipoprotein >100 mg/dl.

inotropes were initiated within the first 24 hours of cardio-
genic shock. The mean = standard deviation (SD) number of
vasopressors or inotropes used was 3.4 £ 1.6 (range of O to
7). The vasopressors used included norepinephrine (adminis-
tered to 90% of patients), epinephrine (41% of patients),
vasopressin  (39% of patients), phenylephrine (60% of
patients), and dopamine (22% of patients). Inotropes included
milrinone (28% of patients) and dobutamine (56% of
patients). One hundred thirty-seven patients (67%) received
vasopressor and inotrope combinations. One hundred forty-
one (69%) received only vasopressors whereas 4 (2%)
received only inotropes. The mean 4+ SD number of vaso-
pressors and inotropes used was 3.4 + 1.6 (range of O to 7).

Fifty-five (27%) patients received the Impella 2.5, 143
(70%) received the Impella CP, and 6 (3%) received the
Impella 5.0. The mean £ SD duration of Impella use was
3.2 4 2.4 days (range of 2 hours to 15 days). One hundred
fifty-nine patients (77.9%) required endotracheal intubation
and mechanical ventilation. The median (interquartile range
[IQR]) duration of mechanical ventilation was 3 (6) days
(range of 3 hours to 37 days). The median (IQR) duration
of intensive care unit stay was 6 (8.3) days (range of 3 hours
to 54 days). The median (IQR) duration of total hospital
stay was 9 (12.5) days (range of 3 hours to 59 days).

Although 204 patients were included, some initial hemo-
dynamic and biochemical parameters were incomplete.
Appendix A shows the percentage of complete observations
for each initial parameter. The ability to perform a multi-
variate analysis was limited due to the incomplete nature of
the data, with only 31% of patients with all 4 covariates.
Data on total number of vasopressors and inotropes was
available for all 204 patients.

All-cause mortality during index hospitalization was
45.1%. Figure 1 shows that nonsurvivors (n = 92) compared
with survivors had a statistically significant higher initial
lactate (6.8 vs 3.3 mmol/L, HR 1.17, p <0.0001), lower ini-
tial pH (7.24 vs 7.32, HR 1.03, p <0.0001), lower initial
serum CO, (19.1 vs 21.3 mmol/L, HR 1.08, p=0.002), and
used a greater number of vasopressors and inotropes (4.3 vs
2.6, HR 1.44, p <0.0001). There was a statistical difference
in the initial SVO, between nonsurvivors and survivors
(51.1 v8 59.9%, p <0.0001). However, the HR of 1.013 did
not demonstrate statistical significance (p=0.098). Initial
SVO, was the least complete initial predictor (Appendix
A), which is likely the reason for a nonsignificant HR. The
HRs for the initial predictors are presented in Figure 1. A
complete table with ¢ Tests for each initial predictor and
other covariates is shown in Appendix B, with HRs and
95% confidence intervals (CI) presented in Appendix C.

The median survival of patients with initial lactate quar-
tile ranges of <2.0 mmol/L, 2.1 to 3.7, 3.8 t0 6.9, and >6.9
was 46 days, 32 days, 9 days, and 4 days, respectively
(Figure 2). The initial lactate range was 0.7 to 18.6 mmol/L.
The median survival of patients with initial pH quartile
ranges of <7.21, 7.22 to 7.31, 7.32 to 7.39, and >7.39 was
6 days, 13 days, 32 days, and 46 days, respectively
(Figure 2). The range in pH was 6.86 to 7.56. The median
survival of patients with initial serum CO, quartile ranges
of <17 mmol/L, 17.1 to 20, 20.1 to 24, and >24 was 6 days,
33 days, 40 days, and 22 days, respectively (Figure 2). The
initial serum CO, range was 7 to 38 mmol/L.
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Figure 1. Initial Predictors of Mortality. Legend: Initial lactate, pH, serum CO,, and total number of vasopressors and inotropes used were significant predic-
tors of all-cause in-hospital mortality. A decrease in pH, serum CO,, and SVO, resulted in an increased hazard of mortality.
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Figure 2. Kaplan-Meier survival curves of initial predictors.Survival curves of initial lactate (A), pH (B), serum CO, (C), and the total number of vasopressors
and inotropes used (D) stratified by quartile ranges of each respective predictor.

The median survival of patients requiring O to 2 vasopres-
sors and inotropes was not definable as the survival rate was
>50%. Patients requiring 3 vasopressors and inotropes had a
median survival of 32 days. Patients requiring 4 had

a median survival of 7 days. Patients requiring 5 to 7 had a
median survival of 9 days (Figure 2). A range of 0 to 7 vaso-
pressors and inotropes was used. Mortality rate increased
with increasing number of vasopressors and inotropes
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(Figure 3). Figure 4 demonstrates the association of individ-
ual vasopressors and inotropes with all-cause in-hospital
mortality. Norepinephrine use was associated with the high-
est in-hospital mortality (HR 4.26, p=0.04, 95% CI 1.05 to
17.32). The use of epinephrine (HR 2.64, p <0.0001, 95%
CI 1.73 to 4.0), vasopressin (HR 2.43, p <0.0001, 95% CI
1.60 to 3.68), phenylephrine (HR 2.09, p <0.0001, 95% CI
1.32 to 3.30), and dopamine (HR 2.23, p=0.0003, 95% CI
1.45 to 3.44) was each independently associated with signifi-
cantly increased all-cause in-hospital mortality. Milrinone
(p=0.41) and dobutamine (p=0.36) use did not show a sig-
nificant increase in mortality. Figure 5 includes a proposed
guideline on determining appropriate use of the Impella in
treating acute CS based on a univariate analysis of each sig-
nificant initial predictor of in-hospital mortality.

Patients with the Impella >4 days had a significantly
longer total hospital stay (16.4 vs 11.6 days, p=0.03),
intensive care unit stay (12.6 vs 6.9 days, p <0.001), and
duration of mechanical ventilation use (7.8 vs 4.4 days,
p <0.002) There was a trend toward increased mortality in
patients with the Impella >4 days compared with use
<4 days (57.8 vs 41.5%, p=0.051).

Discussion

Our study has the largest known series of patients to date
investigating predictors of mortality in patients receiving
the Impella for acute severe CS. All-cause in-hospital
mortality was 45.1%, which is lower than previously
reported.’ Many studies evaluating outcomes of Impella
use report 30-day mortality.”**”*">!* Evaluating in-hos-
pital mortality is useful in determining immediate manage-
ment of severe CS during index hospitalization.

The initial lactate was a strong predictor of mortality of
patients treated with the Impella for acute severe CS. Non-
survivors had an average lactate of 6.8 mmol/L before
Impella implantation. The median initial lactate of all
patients was 3.8 mmol/L. This data suggests that patients in
CS receiving the Impella have >50% mortality with initial
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Figure 4. Individual vasopressors and inotropes and mortality. Individual
hazard ratios are presented for each vasopressor and inotrope. The use of
each vasopressor demonstrated a significant increase in hazard of mortal-
ity. The use of either inotrope did not show a statistically significant
increase in hazard of mortality.
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lactate >3.8 mmol/L. Hyperlactatemia is commonly used in
intensive care settings, and studies have demonstrated its
predictive value in patient mortality in the setting of septic
shock. ' However, clinical data on initial lactate as a pre-
dictor of mortality in patients with CS requiring the Impella
remains limited. The Impella-EUROSHOCK -registry study
included 120 patients who presented with CS from acute
myocardial infarction receiving the Impella 2.5. The study
showed that lactate >3.8 mmol/L at admission was a pre-
dictor of 30-day mortality. Thirty-day mortality was
64.2%." Similarly, a small series of 41 patients with CS
receiving the Impella identified lactate >3.8 mmol/L at
admission as a predictor of 30-day mortality."”

Initial pH and serum CO, demonstrated similar trends in
mortality. A pH <7.21 differed significantly from pH 7.32
to 7.39 and pH >7.39, highlighting significantly higher
mortality with an initial pH <7.21. Patients with an initial
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Figure 3. Total number of vasopressors and inotropes and mortality. An increase in the total number of vasopressors and inotropes used is associated with an
increase in mortality. The Cochran-Armitage test is used to test for an overall linear trend in proportion of mortality across the groups (Z=7.573, p <0.0001).
The groups are then evaluated with select pairwise comparisons. A significant increase in mortality is seen with an increase from 0-2 to 3 vasopressors and
inotropes (10.8% [n=65] to 42.9% [n=49], p <0.0001). Subsequent increases from 3 to 4 (42.9% [n=49] to 60.5% [n=38], p=0.1031) and 4 to 5-7 vaso-
pressors and inotropes (60.5% [n=38] to 78.8% [n=52], p=0.0588) are not statistically significant but potentially indicative of an increase in mortality.
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Figure 5. Impella use in acute severe cardiogenic shock. Proposed algo-
rithm for the selection of mechanical circulatory support for patients present-
ing with acute severe cardiogenic shock. LVAD =left ventricular assist
device; VA ECMO = venoarterial extracorporeal membrane oxygenation

serum CO, <17 mmol/L had significantly increased mortal-
ity compared with other CO, quartile ranges. There have
been no other studies to date assessing pH or CO, as predic-
tors of mortality in the setting of acute CS treated with the
Impella.

Total number of vasopressors and inotropes used was the
strongest predictor of mortality in our study. A prospective
study of 219 patients with CS found that the use of epineph-
rine, norepinephrine, vasopressin, vasopressors combina-
tion, and combination of dobutamine with vasopressors
were associated with increased 90-day mortality.'® Epi-
nephrine use was most strongly associated with 90-day
mortality. Similarly in our study, none of the inotropes
independently predicted mortality (Figure 4). Furthermore,
the more vasopressors and inotropes used, the higher the
mortality (Figure 3). This relation suggests that increasing
the number of agents does not necessarily improve survival
and indicates a more urgent need for escalation of care to a
higher level of MCS. Another study reported increasing in-
hospital mortality with an increasing vasoactive inotropic
score.'” Although neither study evaluated patients with CS
with the Impella, both demonstrated the prognostic value of
increasing vasopressor and inotropic support.

Our study demonstrates that a higher mortality is associ-
ated with higher initial lactate, lower initial pH, lower ini-
tial serum CO,, and greater vasopressors and inotropes use
in patients with CS treated with the Impella. The Impella
may not be an appropriate level of MCS in patients with an
initial lactate >6.8 mmol/L, initial pH <7.24, initial serum
CO; <19.1 mmol/L, or require 5 or more vasopressors and
inotropes. In such clinical scenarios, a higher level of MCS
may be considered, such as venoarterial extracorporeal
membrane oxygenation or an implantable left ventricular
assist device (Figure 5). The cutoffs of initial predictors
were derived post hoc and were significant predictors of
mortality based on a univariate analysis. This algorithm
could be used as a general guideline for clinicians in deter-
mining the appropriateness of the Impella in treating acute
CS. However, further analyses to test for these cutoffs of
initial predictors of mortality are needed.

The Impella Ventricular Support Systems received US
Food and Drug Administration approval for short-term use
(<4 days for Impella 2.5 and Impella CP; <6 days for Impella
5.0 and Impella LD) for the treatment of CS as a result of iso-
lated left ventricular failure.'' No studies to date have shown
improved clinical outcomes of prolonged Impella use in CS.
Incidence of device complications increases with increased
duration of support.”'®'” Prolonged Impella use increases
hospital length of stay and increases hospital- and ventilator-
associated complications. Prolonged Impella use showed a
trend toward increased mortality, suggesting little additional
survival benefit beyond 4 days of use. This finding did not
reach statistical significance due to our small sample size.
Although the intended use for the Impella 5.0 is up to 6 days
in CS, we defined prolonged use as >4 days since most
(97%) of our patients received the Impella 2.5 or Impella CP.
Given the high incidence of device complications described
in previous studies and prolonged hospitalization and
mechanical ventilation, it is reasonable to consider escalating
care to a higher level of MCS if the patient has not improved
by day 4 of support with the Impella.

A major limitation of this study is its retrospective
design and the small number of patients. A randomized
controlled study is necessary to ascertain the role of initial
biochemical parameters in predicting mortality in patients
with CS receiving the Impella. A nonuniform system in
evaluating patients with CS led to incomplete observations
in initial biochemical values (Appendix A) which limited
the ability to perform a multivariate analysis. The study
population is from a single institution, which may affect
generalizability of the study results.

In patients treated with the Impella for acute severe CS,
initial lactate, pH, serum CO,, and use of vasopressors and
inotropes are significant predictors of all-cause in-hospital
mortality. Patients with the Impella >4 days have poorer
outcomes and may benefit from escalation of care. Using
the initial predictors of mortality may aid in determining
the appropriateness of Impella use in patients presenting
with acute severe CS.
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