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ST-elevation myocardial infarction treatment in the modern era has focused on minimizing time of is-
chemia by reducing door-to-balloon time to limit infarct size and improve survival. Although there have
been significant improvements in minimizing time to coronary reperfusion, the incidence of heart failure
following a myocardial infarction has remained high. Preclinical studies have shown that unloading the
left ventricle for 30 min prior to coronary reperfusion can reduce infarct size and promote myocardial re-
covery. The DTU-STEMI randomized prospective trial will test the hypothesis that left ventricular unloading
for at least 30 min prior to coronary reperfusion will improve infarct size and heart failure-related events
as compared with the current standard of care.

Lay abstract: Improvements in the treatment of heart attacks over the years have focused on rapidly
opening the blocked vessel to limit the amount of heart muscle damage. Although there have been sig-
nificant improvements in minimizing the time to treatment using various options from medications to
balloons and stents, there continues to be a high incidence of heart failure following a heart attack with
larger heart attacks leading to more heart failure. Recent studies in animal models have shown that un-
loading the work of the heart with a temporary heart pump can decrease the size of the heart attack and
improve heart muscle recovery. The door-to-unload research program continues to investigate the treat-
ment strategy of unloading the heart for at least 30 min prior to opening the blocked vessel to improve
patient outcomes.

First draft submitted: 8 January 2021; Accepted for publication: 1 February 2021; Published online:
18 February 2021

Keywords: anterior STEMI • cardiac unloading • heart-assist devices • heart failure • myocardial infarction
• reperfusion injury • ST-elevated MI

Despite great advancements in treatment, coronary artery disease and acute myocardial infarction (AMI) remain
among the leading causes of morbidity and mortality worldwide. While great strides have been made in the
reduction of mortality associated with AMI, this has been accompanied by an expanding heart failure population
due to AMI-induced cardiomyopathy. The last several decades have seen the care of ST-elevation MI (STEMI)
patients focused upon the reduction of door-to-balloon (DTB) times. This focus on DTB was based upon the
promise of reduced infarct size and improved survival with reducing the time of myocardial ischemia. Nonetheless,
despite major successes, the incidence of postAMI heart failure has remained high, and for every 5% increase in
myocardial infarct size, there is a 20% increased risk for heart failure hospitalization within 1 year [1].

A growing body of preclinical data over the past two decades has shown that mechanical unloading of the left
ventricle (LV) before reperfusion therapy can reduce infarct size and reperfusion injury. Preclinical data have shown
that LV unloading with delaying reperfusion by 30 min triggers a cardioprotective signaling cascade reducing infarct
size and promoting recovery after AMI. These preclinical data and early clinical experience are the foundation of
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the STEMI-DTU clinical trial program, which is based on the concept that a percutaneously placed transvalvular
axial flow pump (Impella CP R©, Abiomed, MA, USA) can reduce LV pressure and volume, thereby reducing
LV myocardial oxygen demand. There is a significant association between LV systolic wall stress and LV oxygen
demand, with peak systolic wall stress identified as one of the primary factors associated with myocardial oxygen
demand and, consequently, LV performance [2]. More recently, an association has been identified between elevated
LV end diastolic pressure and mortality in acute coronary syndromes [3]. While early reperfusion aims to reoxygenate
myocardium at risk, some have posited that it may be more effective to first pursue a strategy of reducing myocardial
oxygen demand by means of LV unloading [4,5]. Direct mechanical unloading with the Impella pump consists of
continuous aspiration of blood from the LV that is then pumped into the ascending aorta for systemic circulation.
Several studies have confirmed that LV unloading with Impella significantly reduces end-diastolic and/or peak
LV wall stresses [6–8]. Current indications for the Impella CP are cardiogenic shock and high-risk percutaneous
coronary intervention (PCI). At present, the Impella CP is not indicated in STEMI without cardiogenic shock. Of
note, immediate reperfusion (IR) is the current standard of care for STEMI patients and delays in reperfusion are
not recommended.

The ‘Door to Unloading with IMPELLA CP System in Acute Myocardial Infarction – Safety and Feasibility
Study (DTU)’ was undertaken as a pilot trial to determine the safety and feasibility of LV unloading and delayed
reperfusion (DR) in patients with STEMI and without cardiogenic shock [9]. The DTU-STEMI pilot trial was a
multicenter, prospective, randomized trial that enrolled 50 patients with anterior STEMI to either LV unloading
with the Impella CP and IR or DR after 30 min of unloading. The primary safety outcome was a composite of
major adverse cardiovascular and cerebrovascular events (MACCE) at 30 days. Assessment of infarct size by cardiac
MRI was used to assess efficacy of the unloading strategy. The pilot trial concluded that 30 min of LV unloading
with the Impella CP followed by coronary reperfusion is feasible in patients with STEMI. Importantly, there
were no prohibitive safety signals to preclude an adequately powered pivotal trial of unloading before reperfusion
compared with standard of care with IR. The favorable results of the pilot trial paved the way for the currently
enrolling Primary Unloading and Delayed Reperfusion in ST-Elevation Myocardial Infarction: STEMI-DTU trial.

The STEMI-DTU pivotal trial (clinicaltrials.gov no. NCT03947619) will test the hypothesis that primary LV
unloading for 30 min followed by coronary reperfusion may reduce STEMI-induced myocardial damage compared
with the standard of care (primary PCI) in qualifying patients with anterior STEMI without cardiogenic shock.

Background & rationale
AMI remains a common cause of morbidity and mortality in the USA, with approximately 550,000 new attacks and
200,000 recurrent attacks annually [10]. Despite advances in reducing DTB times to <90 min, mortality in the first
year is particularly high in patients experiencing anterior MI. In patients undergoing PCI alone, mortality ranges
from 5.2 to 6.0% at 6 and 12 months, as shown in the CRISP-AMI and CIRCUS trials, respectively [11,12]. In the
large SWEDEHEART registry reporting >100,000 patients from 1996 to 2014 with STEMI, 1-year mortality
remained as high as 14.1% [13]. In addition, pooled patient-level analysis from ten randomized primary PCI trials
demonstrated that for every 5% increase in myocardial infarct size, there is a 19% elevated risk for all-cause mortality
and a 20% elevated risk for heart failure hospitalization at 1 year [1]. This relationship between infarct size and
all-cause mortality and/or heart failure hospitalization was stronger with anterior MI, with authors identifying
a 7.4× elevated risk for all-cause mortality or heart failure hospitalization within 1 year for those patients with
large left anterior descending (LAD) infarct (>17.9%) compared with 2.2× elevated risk for patients with large
non-LAD infarct [1]. In a Canadian population-based study of 7733 elderly patients with AMI, Ezekowitz et al.
found that 76% of those who survived AMI hospitalization developed heart failure in the following 5 years [14].

Reperfusion injury
For decades, the primary metric by which successful management of AMI was measured was a DTB time of 90 min
or less. However, further reduction in DTB times has not been found to meaningfully improve early mortality. A
large CathPCI registry analysis found that median DTB time improvement of 83 to 67 min from 2005 to 2009
was not associated with improved in-hospital mortality rates [15]. In recent years, more practitioners have begun to
discuss the persistent need to improve performance on other metrics beyond DTB times and reducing ischemic
injury – such as reduction in reperfusion injury – in order to further improve STEMI survival outcomes [16–19].
As flat mortality rates despite improving DTB times have identified, a successful STEMI treatment strategy must
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involve consideration of more granular metrics as relates to reperfusion timing and efficacy. The focus cannot
remain solely on minimizing ischemic injury, but must also consider reperfusion injury.

With nearly a quarter of patients that survive initial STEMI developing heart failure necessitating rehospitalization
within 1 year [11], identifying safe and effective strategies that limit the final infarct size and reduce the likelihood
that one ischemic event progresses to heart failure is the current challenge facing clinicians. A proven approach
to inhibit reperfusion injury, the paradox by which reperfusion to the ischemic myocardium causes more cell
death than ischemia itself, remains elusive. Cardioprotective strategies to mitigate reperfusion injury have largely
focused on pharmacologic interventions, though additional strategies such as ischemic pre and postconditioning,
pressure-controlled intermittent coronary sinus occlusion and LV unloading have been proposed. LV unloading has
been associated with multiple mechanisms proposed to be responsible for promoting cardioprotection in the setting
of acute coronary ischemia. One important mechanism to highlight is an improvement in coronary perfusion by
reducing LV wall stress. The concept of functional or gentle reperfusion whereby LV unloading improves collateral
flow to the ischemic myocardium has been shown to be an important mechanism to limit infarct size in canine
models [20–23]. In sum, cardioprotective strategies, their mechanisms and the amelioration of reperfusion injury,
remain an area of great scientific and clinical interest.

However, to date, promising results achieved in animal models have not been reliably replicated in human stud-
ies [24]. This may be due in part to patient comorbidities inhibiting optimal performance of certain strategies [24,25].
Perhaps more importantly, there is now a greater understanding of the complex pathophysiology of ischemic reper-
fusion injury, which involves several systems contributing to oxidative stress on the cell as well as several distinct
pathways to cell death [26,27]. The mechanistic underpinnings of the manifold processes contributing to reperfusion
injury is beyond the scope of this report and have been reported previously [25]. In brief, there is now agreement
that a successful therapeutic strategy for reperfusion injury is unlikely to be one that targets a single pathway or
system; rather, a synergistic cardioprotective strategy is necessary in order to mitigate reperfusion injury [21,25,28].

LV remodeling
Adverse LV remodeling is more common following a large, transmural AMI, which can significantly alter the
ventricular structure including both infarcted and noninfarcted regions [29,30]. In the last several years, numerous
studies have identified infarct size as the most significant predictor for adverse LV remodeling [31–33]. In a small
German study, Lund et al. found that infarct size was the most significant predictor for adverse remodeling, with
risk increasing by 2.8× for every 10% increase in infarct size, and infarct size of 24% identified as a predictive
threshold for remodeling, with 92% sensitivity and 93% specificity [31]. Similarly, Masci et al. found that, on
multivariate analysis, MI size as a percentage of LV area was the sole significant predictor of adverse LV remodeling,
with a 1.1× elevated risk for every percentage increase (p < 0.001) [32]. Springeling et al. also found that infarct
mass was the only significant predictor for progressive LV dilatation on multivariate analysis [33].

In an American College of Cardiology Expert Analysis on the causes and prevention of ventricular remodeling
in the setting of AMI, Abouzaki et al. theorized that the mechanism of action of the Impella – unloading the LV
while providing enhanced perfusion – should encourage improved remodeling [34]. However, the authors note that
while this approach has shown promise in preclinical studies, it has not yet been affirmed in human studies and the
invasiveness of the technique should limit its use to those with cardiogenic shock during MI. There is an ongoing
need to assess the approach of LV unloading in clinical studies as a means to improve STEMI outcomes, and to
confirm its safety and efficacy in AMI patients, with or without cardiogenic shock.

Preclinical studies
LV unloading in acute ischemia is not a novel concept. Medical literature dating back to the early 1960s has shown
the benefit of mechanical LV unloading during ischemia, reducing the oxygen utilization and LV pressures using
left heart bypass [35]. Two decades later, with the improvement of cardiovascular surgery techniques, Allen et al.
demonstrated a 32% reduction in infarct size with LV unloading using cardiopulmonary bypass, cardioplegia and
LV venting [36]. However, the application of left heart bypass at the time of acute MI remains challenging and is
associated with considerable morbidity [37]. Therefore, the concept of mechanical unloading in the setting of acute
MI remained essentially dormant until the emergence of miniature transvalvular axial-flow pumps in the 1990s,
which were found to be effective in reducing LV wall stress, stroke work and myocardial oxygen demand while
maintaining mean arterial pressure, without the need for surgery [4].

future science group 10.2217/fca-2021-0006
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Preclinical studies evaluating LV unloading during coronary occlusion with Impella technology have focused on
the timing and duration of LV unloading, as well as the level of support needed. Table 1 summarizes important
preclinical studies in large animal models [23,37–43]. Meyns et al. showed that support before reperfusion is crucial
to achieve substantial reduction in infarct size [37]. Moreover, this seminal study also identified that full support
is required to achieve substantial reduction infarct size. These findings were recently confirmed by Ko et al. in a
different animal model [23].

In a porcine model, Kapur et al. established that 30 min of LV unloading prior to coronary reperfusion achieves
the best myocardial salvage [38]. In addition, the authors identified that delaying coronary reperfusion activates
endogenous protective signaling pathways which limit reperfusion injury and thereby myocardial loss [38]. The
mechanisms underlying the cardioprotective relationship of primary unloading with infarct size were further
explored in a preclinical study of a porcine infarct model [39]. Male Yorkshire swine was subjected to 90 min of
mid-LAD occlusion followed by either IR (primary reperfusion group) or 30 min of unloading prior to reperfusion
(primary unloading group). Primary unloading limited apoptosis in the infarct zone by both increasing the
expression of genes associated with cellular respiration and mitochondrial integrity and reducing the activity levels
of proteases known to degrade the cardioprotective cytokine, stromal-derived factor-1a. At 28 days post-AMI, the
primary unloading group exhibited reduced LV scar size, improved cardiac function, and reduced expression of
biomarkers associated with heart failure and maladaptive remodeling compared with the primary reperfusion group.
A similar experiment performed by Sun et al. using surgically implanted Impella 5.0 pumps showed comparable
findings [40]. Finally, a recent analysis by Swain and Kapur further identified that LV unloading with an Impella
CP reduces mitochondrial damage associated with reperfusion injury [22]. By protecting mitochondrial function,
heart muscle cells are more likely to recover function over time [40].

The degree of LV support needed to achieve optimal unloading with and reduce infarct size was explored by
Saku et al. [41]. In this well-designed study, the authors found that infarct percent size showed greatest reduction
in canines receiving full LV unloading with the Impella CP, compared with partial or no unloading. However,
translating early unloading prior to coronary intervention into clinical practice is particularly challenging as it not
only requires excellent logistical support but also defies the ‘time is muscle’ paradigm that has been engrained in
the interventional communities for decades [44,45].

DTU-STEMI pilot trial
The Door to Unloading with IMPELLA CP System in Acute Myocardial Infarction – Safety and Feasibility Study
(DTU) was the first exploratory human study testing the safety and feasibility of LV unloading and DR as a method
to reduce infarct size in patients with STEMI (without cardiogenic shock). The trial was conducted at 14 US centers
and randomly assigned 50 patients presenting with their first STEMI to either mechanical LV unloading with the
Impella CP with IR, or DR after 30 min of unloading [9]. The ST-segment sum in the precordial lead v1–v4 was
used to assess the infarct size prior to randomization. Infarct size was evaluated by cardiac magnet resonance with
area at risk similar to the pathology assessment in the preclinical studies (Table 1). The primary safety outcome was
a composite of MACCE at 30 days.

Findings from this study suggest for the first time that LV unloading using the Impella CP device with a 30-min
delay before reperfusion is feasible within a relatively short DTB time. The DTU-STEMI pilot trial did not identify
any prohibitive safety signals that would preclude a larger pivotal study of LV unloading before reperfusion. In
demonstrating the safety of DR, the DTU-STEMI study also identified a significant area for future research, with
the possibility of pursuing adjunct pharmacologic strategies during the unloading period prior to reperfusion (which
may ultimately identify the type of synergistic, multitarget strategy necessary to effectively mitigate reperfusion
injury). MACCE at 30 days were not significantly different between the unloading with DR and IR groups, with
MACCE occurring in three patients (12%; 95% CI: 2.6–31.2%) and two patients (8%; 95% CI: 1.0–26.0%),
respectively (p > 0.99). These rates are in line with those generally seen in contemporary trials of anterior MI
populations [12,46,47].

Although the pilot trial was not designed to show efficacy, favorable signals in infarct size reduction were detected.
In particular, subgroup analysis identified those with large anterior infarct with ST-segment sum >6 mm as showing
the greatest benefit [48]. Another thought-provoking finding was that the infarct size did not increase in the DR arm
when plotted against the ST-segment sum. The authors further found that the duration of LV unloading before
reperfusion showed an inverse relationship with infarct size [48]. The strength of the correlation between unloading
to reperfusion time and infarct size was found to be significant (p = 0.01), with an R value of -0.51. Based on results
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Door-to-unload: left ventricular unloading before reperfusion in ST-elevation myocardial infarction Clinical Trial Protocol

Ta
b

le
1.

Pr
ec

lin
ic

al
st

u
d

ie
s

as
se

ss
in

g
le

ft
ve

n
tr

ic
le

u
n

lo
ad

in
g

w
it

h
Im

p
el

la
p

ri
o

r
to

re
p

er
fu

si
o

n
.

A
n

im
al
/

d
ev

ic
e

O
cc

lu
d

ed
ve

ss
el

D
u

ra
ti

o
n

o
f

is
ch

em
ia

(m
in

)

D
u

ra
ti

o
n

o
f

re
p

er
fu

si
o

n
(m

in
)

St
u

d
y

d
es

ig
n

In
fa

rc
t

si
ze

en
d

p
o

in
t

In
fa

rc
t

si
ze

(%
)

St
u

d
y

(y
ea

r)

Sh
ee

p
(I

m
p

el
la

5.
0)

LA
D

60
12

0
G

ro
u

p
1:

re
p

er
fu

si
o

n
o

n
ly

(c
o

n
tr

o
l)

G
ro

u
p

2:
fu

ll
su

p
p

o
rt

fr
o

m
o

n
se

t
o

f
is

ch
em

ia
(6

0
m

in
)

an
d

d
u

ri
n

g
re

p
er

fu
si

o
n

G
ro

u
p

3:
fu

ll
su

p
p

o
rt

d
u

ri
n

g
re

p
er

fu
si

o
n

G
ro

u
p

4:
p

ar
ti

al
su

p
p

o
rt

d
u

ri
n

g
re

p
er

fu
si

o
n

In
fa

rc
t

p
er

ce
n

t
si

ze
(T

TC
an

d
Ev

an
’s

b
lu

e)
G

ro
u

p
1:

67
.2

±
4.

6%
G

ro
u

p
2:

18
.1

±
10

%
G

ro
u

p
3:

41
.6

±
5.

8%
G

ro
u

p
4:

54
.0

±
8%

M
ey

n
s

et
al

.(
20

03
)

Sw
in

e
(I

m
p

el
la

C
P

R ©
)

LA
D

90
12

0
G

ro
u

p
1:

re
p

er
fu

si
o

n
o

n
ly

(c
o

n
tr

o
l)

G
ro

u
p

2:
60

m
in

su
p

p
o

rt
b

ef
o

re
re

p
er

fu
si

o
n

In
fa

rc
t

p
er

ce
n

t
si

ze
(T

TC
)

G
ro

u
p

1:
74

±
11

%
G

ro
u

p
2:

42
±

8%
K

ap
u

r
et

al
.(

20
15

)

Sw
in

e
(I

m
p

el
la

)
LA

D
90

12
0

G
ro

u
p

1:
re

p
er

fu
si

o
n

o
n

ly
(c

o
n

tr
o

l)
G

ro
u

p
2:

15
m

in
su

p
p

o
rt

b
ef

o
re

re
p

er
fu

si
o

n
G

ro
u

p
3:

30
m

in
su

p
p

o
rt

b
ef

o
re

re
p

er
fu

si
o

n
G

ro
u

p
4:

60
m

in
su

p
p

o
rt

b
ef

o
re

re
p

er
fu

si
o

n
G

ro
u

p
5:

30
m

in
re

p
er

fu
si

o
n

fo
llo

w
ed

b
y

LV
u

n
lo

ad
in

g
an

d
an

ad
d

it
io

n
al

12
0

m
in

re
p

er
fu

si
o

n

R
ed

u
ct

io
n

in
in

fa
rc

t
si

ze
†

(T
TC

)
G

ro
u

p
1:

n
o

G
ro

u
p

2:
n

o
G

ro
u

p
3:

ye
s

G
ro

u
p

4:
ye

s
G

ro
u

p
5:

n
o

K
ap

u
r

et
al

.(
20

15
)†

Sw
in

e
(I

m
p

el
la

LD
)

LC
x

12
0

12
0

G
ro

u
p

1:
re

p
er

fu
si

o
n

o
n

ly
(c

o
n

tr
o

l)
G

ro
u

p
2:

su
p

p
o

rt
(9

0
m

in
af

te
r

o
n

se
t

o
f

is
ch

em
ia

an
d

d
u

ri
n

g
re

p
er

fu
si

o
n

)

In
fa

rc
t

p
er

ce
n

t
si

ze
G

ro
u

p
1:

35
.3

±
6.

2%
G

ro
u

p
2:

18
.1

±
4.

8%

Su
n

et
al

.(
20

15
)

Sw
in

e
(I

m
p

el
la

C
P)

LA
D

90
12

0
G

ro
u

p
1:

re
p

er
fu

si
o

n
o

n
ly

(c
o

n
tr

o
l)

G
ro

u
p

2:
15

m
in

su
p

p
o

rt
b

ef
o

re
re

p
er

fu
si

o
n

G
ro

u
p

3:
30

m
in

su
p

p
o

rt
b

ef
o

re
re

p
er

fu
si

o
n

G
ro

u
p

4:
30

m
in

re
p

er
fu

si
o

n
fo

llo
w

ed
b

y
90

m
in

re
p

er
fu

si
o

n
w

it
h

su
p

p
o

rt

In
fa

rc
t

p
er

ce
n

t
si

ze
(T

TC
an

d
Ev

an
’s

b
lu

e)
G

ro
u

p
1:

62
.2

±
1.

7%
G

ro
u

p
2:

N
S‡

G
ro

u
p

3:
33

.3
±

5%
G

ro
u

p
4:

N
S‡

Es
p

o
si

to
et

al
.(

20
18

)

C
an

in
e

(I
m

p
el

la
C

P)
LA

D
(+

LC
x)

18
0

60
G

ro
u

p
1:

sh
am

(t
h

o
ra

co
to

m
y

o
n

ly
)

G
ro

u
p

2:
re

p
er

fu
si

o
n

o
n

ly
(c

o
n

tr
o

l)
G

ro
u

p
3:

p
ar

ti
al

su
p

p
o

rt
(6

0
m

in
af

te
r

o
n

se
t

o
f

is
ch

em
ia

to
60

m
in

af
te

r
re

p
er

fu
si

o
n

)
G

ro
u

p
4:

fu
ll

su
p

p
o

rt
(6

0
m

in
af

te
r

o
n

se
t

o
f

is
ch

em
ia

to
60

m
in

af
te

r
re

p
er

fu
si

o
n

)

In
fa

rc
t

p
er

ce
n

t
si

ze
(T

TC
)

G
ro

u
p

1:
N

A
G

ro
u

p
2:

16
.3

±
2.

6%
G

ro
u

p
3:

8.
5

±
4.

3%
G

ro
u

p
4:

2.
1

±
1.

6%

Sa
ku

et
al

.(
20

18
)

Sw
in

e
(I

m
p

el
la

C
P)

LA
D

12
0

18
0

G
ro

u
p

1:
30

m
in

co
n

ti
n

u
ed

o
cc

lu
si

o
n

(c
o

n
tr

o
l)

G
ro

u
p

2:
30

m
in

Im
p

el
la

su
p

p
o

rt
b

ef
o

re
re

p
er

fu
si

o
n

G
ro

u
p

3:
30

m
in

ex
tr

ac
o

rp
o

re
al

m
em

b
ra

n
e

o
xy

g
en

at
io

n
su

p
p

o
rt

b
ef

o
re

re
p

er
fu

si
o

n

In
fa

rc
t

p
er

ce
n

t
si

ze
(T

TC
an

d
Ev

an
’s

b
lu

e)
G

ro
u

p
1:

52
±

15
%

G
ro

u
p

2:
34

±
6%

G
ro

u
p

3:
N

S

B
ri

ce
n

o
et

al
.(

20
19

)

Sw
in

e
(I

m
p

el
la

C
P)

LA
D

60
12

0
G

ro
u

p
1:

re
p

er
fu

si
o

n
o

n
ly

(c
o

n
tr

o
l)

G
ro

u
p

2:
su

p
p

o
rt

o
n

ly
b

ef
o

re
re

p
er

fu
si

o
n

G
ro

u
p

3:
su

p
p

o
rt

w
it

h
im

m
ed

ia
te

re
p

er
fu

si
o

n

In
fa

rc
t

p
er

ce
n

t
si

ze
(T

TC
an

d
Ev

an
’s

b
lu

e)
G

ro
u

p
1:

54
.7

±
20

.3
%

G
ro

u
p

2:
43

.3
±

24
.6

%
G

ro
u

p
3:

22
.1

±
13

.4
%

K
o

et
al

.(
20

20
)

†
Th

is
pr

ec
lin

ic
al

st
ud

y
w

as
re

po
rt

ed
in

a
TC

T
pr

es
en

ta
tio

n.
A

n
ad

di
tio

na
lm

et
ric

of
in

fa
rc

ts
iz

e
re

du
ct

io
n,

in
fa

rc
ts

iz
e

as
pe

rc
en

ta
ge

of
ar

ea
at

ris
k,

w
as

pr
es

en
te

d
as

a
fig

ur
e

ac
co

m
pa

ny
in

g
th

e
pr

es
en

ta
tio

n;
ho

w
ev

er
,e

xa
ct

m
ea

su
re

m
en

ts
w

er
e

no
t

pr
ov

id
ed

.P
er

th
e

fig
ur

e
ba

r
ch

ar
ts

,i
nf

ar
ct

si
ze

as
a

pe
rc

en
ta

ge
of

ar
ea

-a
t-

ris
k

w
as

∼6
7%

in
gr

ou
p

1,
∼6

0%
in

gr
ou

p
2,

∼3
0%

in
gr

ou
p

3,
∼4

0%
in

gr
ou

p
4

an
d

∼5
5%

in
gr

ou
p

5,
in

di
ca

tin
g

th
at

be
st

in
fa

rc
t

si
ze

ou
tc

om
e

w
as

ac
hi

ev
ed

w
ith

30
m

in
of

un
lo

ad
in

g
pr

io
r

to
re

pe
rf

us
io

n.
‡
In

fa
rc

t
pe

rc
en

t
si

ze
s

in
gr

ou
p

2
an

d
4

w
er

e
no

t
pr

ov
id

ed
;h

ow
ev

er
,t

he
au

th
or

s
st

at
e

th
at

un
lo

ad
in

g
fo

llo
w

ed
by

pe
rf

us
io

n
in

th
es

e
tw

o
gr

ou
ps

fa
ile

d
to

re
du

ce
in

fa
rc

t
si

ze
co

m
pa

re
d

w
ith

re
pe

rf
us

io
n

al
on

e.
LA

D
:L

ef
t

an
te

rio
r

de
sc

en
di

ng
;L

C
x:

Le
ft

ci
rc

um
fle

x;
LV

:L
ef

t
ve

nt
ric

le
;N

A
:N

ot
av

ai
la

bl
e;

N
S:

N
o

si
gn

ifi
ca

nt
re

du
ct

io
n;

TT
C

:T
rip

he
ny

lte
tr

az
ol

iu
m

ch
lo

rid
e.

future science group 10.2217/fca-2021-0006



Clinical Trial Protocol Parikh, Schuleri, Chakrabarti, O’Neill, Kapur & Wohns

Age 18–80 years
First myocardial infarction
Acute STEMI with ≥2 mm in ≥2 or more contiguous anterior leads or ≥4 mm ST-segment
deviation sum in anterior leads V1–V4
Presents within 1–5 hours symptom onset
Indicated for PCI
Patient or patient’s LAR (if applicable) has signed consent

•
•
•

•
•
•

STEMI patient presents at a study site

LV-gram
Iliac & femoral angiogram

LVEDP measurement

Randomization

Impella CP implanted, support initiated

Coronary angiogram
≥30 min from Impella CP® initiation

PCI

4–6 hours Impella support

Subject returns to Cath lab for explant

3–5-day CMR & echo

30-day clinical safety evaluation

90-day echocardiogram follow-up

6-month CMR and clinical evaluation follow-up

12-month clinical evaluation follow-up

18-month clinical evaluation follow-up **Phone call only

Clinical evaluation follow-up at 24-month and yearly through 
60 months

Key:

Angio

Treatment

PCI

Patient meets all inclusion/exclusion criteria

Patient does not meet any exclusion criteria

Coronary angiogram

Figure 1. Protocol.
CMR: Cardiac magnetic resonance; LAR: Legal authorized representative; LV: Left ventricle; LVEDP: Left ventricle end diastolic pressure;
PCI: Percutaneous coronary intervention.

from this pilot trial, an appropriately powered pivotal trial comparing LV unloading and DR with the current
standard of care (IR without unloading) was initiated.

Future perspective
With safety and feasibility established via preclinical studies and a human pilot trial, the next logical step in the
door-to-unload research program is a pivotal trial. Indeed, this trial is underway and currently enrolling. The
STEMI-DTU pivotal trial is a prospective, multicenter, randomized control trial involving up to 60 centers in
the USA, as well as additional international sites, that aims to investigate the potential benefit of mechanical LV
unloading with the Impella CP system prior to PCI in patients with anterior STEMI. Patients will be randomized
into either a control arm receiving the current standard of care, IR (DTB), or an investigational arm with Impella
CP placement and mechanical LV unloading for at least 30 min prior to reperfusion (door-to-unload; Figure 1).

This study will include patients aged 18–80 years presenting within 1–5 h of chest pain onset, along with
ST-segment elevation of ≥2 mm in two or more contiguous anterior leads or with ≥4 mm total ST-segment
elevation sum in the anterior leads v1 through v4. Subjects with prior MI, prior coronary artery bypass grafting,
cardiogenic shock, unwitnessed cardiac arrest or ≥30 min of cardiopulmonary resuscitation, contraindication to or
inability for Impella CP insertion, and inability to undergo cardiac MRI will be excluded (Table 2). The estimated
enrollment will be 688 subjects meeting the listed criteria. All subjects will be equally randomized to either the
control or experimental arms. Two roll-in subjects will be treated at each site (one each randomized to the control
and experimental arms) for investigators to familiarize and adapt to the study protocol. Roll-in subjects will not be
included in the patient population for final analysis. The primary and secondary end points are shown in Figure 2.

The study enrolled its first patients on 12 December 2019. Enrollment continued until 20 March 2020
when the Coronavirus disease 2019 (COVID-19) pandemic began to significantly impact clinical research at the
investigational sites, and the decision was made to pause enrollment for the trial. Enrollment was restarted on 6
July 2020. The original estimated completion date for data collection of the primary outcome measure is October
2023. The estimated study end date is October 2027. Due to the pause in enrollment from COVID-19, these dates
will likely be delayed as another major viral surge has occurred worldwide as of the time of writing (November
2020). Further information on the trial can be found at clinicaltrials.gov (trial no. NCT03947619).
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Table 2. Full inclusion and exclusion criteria for the STEMI-DTU pivotal trial.
Inclusion criteria

1. Age 18–80 years
2. First myocardial infarction
3. Acute anterior STEMI with ≥2 mm in two or more contiguous anterior leads or ≥4 mm total ST-segment deviation sum in the anterior leads v1–v4
4. Patient presents to the hospital between 1–5 h of chest pain onset
5. Patient indicated for Primary PCI
6. Patient or the patient’s legally authorized representative (where applicable) has signed informed consent

Exclusion criteria

1. Patient transferred from an outside hospital where invasive coronary procedure was attempted (including diagnostic catheterization)
2. Unwitnessed cardiac arrest or ≥30 min of cardiopulmonary resuscitation prior to enrollment or any impairment in mental status, cognition or any global or focal
neurological deficit
3. Administration of fibrinolytic therapy within 24 h prior to enrollment
4. Cardiogenic shock defined as: systemic hypotension (systolic blood pressure �90 mmHg or the need for inotropes/pressors to maintain a systolic BP �90 mmHg) plus
one of the following: any requirement for pressors/inotropes prior to arrival at the catheterization laboratory, clinical evidence of end organ hypoperfusion or use of
intra-aortic balloon pump or any other circulatory support device
5. Inferior STEMI or suspected right ventricular failure
6. Any contraindication or inability to place the Impella, including peripheral vascular disease, tortuous vascular anatomy, femoral bruits or absent pedal pulses
7. Severe aortic stenosis
8. Acute cardiac mechanical complication: LV-free wall rupture OR interventricular septum rupture OR acute mitral regurgitation
9. Suspected or known pregnancy
10. Suspected systemic active infection
11. History or known hepatic insufficiency prior to catheterization
12. On renal replacement therapy
13. Chronic obstructive pulmonary disease with home oxygen therapy or on chronic steroid therapy
14. Known or evidence of prior myocardial infarction, including pathologic Q waves in nonanterior leads
15. Prior coronary artery bypass grafting or LAD PCI
16. History of heart failure
17. Prior aortic valve surgery or transcatheter aortic valve replacement
18. Left bundle branch block (new or old)
19. History of stroke/transient ischemic attack within the prior 3 months, any history of intracranial hemorrhage or any permanent neurological deficit
20. History of bleeding diathesis or known coagulopathy (including heparin-induced thrombocytopenia), any recent genitourinary or gastrointestinal bleed or will refuse
blood transfusions
21. Patient on systemic anticoagulation preprocedure (including factor Xa inhibitors, thrombin inhibitors and warfarin)
Known contraindication to:
22. Unable to undergo MRI or contraindication to use of gadolinium, e.g., CrCl �30 ml/min, noncompatible implant, claustrophobia
23. Contraindication to heparin, pork, pork products or contrast media
24. Contraindication to receiving a drug-eluting stent
25. Participation in the active treatment or follow-up phase of another clinical study of an investigational drug or device which has not reached its primary end point
26. Any organ condition, concomitant disease (e.g., psychiatric illness, severe alcoholism, or drug abuse, severe cancer, hepatic or kidney disease), with life expectancy of
≤2 years or other abnormality that itself, or the treatment of which, could interfere with the conduct of the study or that, in the opinion of the Investigator and/or
sponsor’s medical monitor, would pose an unacceptable risk to the patient in the study
27. Subject has other medical, social or psychological problems that, in the opinion of the Investigator, compromises the subject’s ability to give written informed consent
and/or to comply with study procedures including follow-up CMRs
28. Subject belongs to a vulnerable population (vulnerable patient populations are defined as Individuals with mental disability, persons in nursing homes, children,
impoverished persons, homeless persons, nomads, refugees and those permanently incapable of giving informed consent. Vulnerable populations also may include
members of a group with a hierarchical structure such as university students, subordinate hospital and laboratory personnel, employees of the sponsor, members of the
armed forces and persons kept in detention)

CMR: Cardiac magnetic resonance; LAD: Left anterior descending; LV: Left ventricle; PCI: Percutaneous coronary intervention; STEMI: ST-elevation myocardial infarction.

Infarct size normalized to the left ventricular
mass (IS as % of LV mass), evaluated using
Cardiac Magnetic Resonance (CMR) at 3–5 days
following the index procedure

Composite clinical secondary endpoint
(compared between groups using the
Finkelstein-Schoenfeld statistic):

i. CV mortality [≥12 months]

Cardiogenic shock at ≥24 h from
enrollment [≥12 months]

LVAD or heart transplant [≥12 months]

Heart failure [≥12 months]

ICD or CRT placement [≥12 months]

Infarct size, as a percent of LV mass 
[3–5 days]

ii.

iii.

iv.

v.

vi.

Primary endpoint Key secondary efficacy endpoints Key secondary safety endpoints

Impella CP® related major bleeding or major
vascular complications with pre-specified
performance goals [Time frame: 30 days]

Figure 2. Study endpoints.
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Conclusion
The STEMI-DTU pivotal trial is a landmark trial that has the potential to impact the growing epidemic of post-
AMI heart failure and improve outcomes for STEMI patients around the world. It has the potential to shift the
paradigm of IR to one of LV unloading followed by reperfusion, to protect myocardium and impact the downstream
consequences of impaired LV function over time. In this trial, we have the opportunity for the first time to test
the preclinical data in a randomized controlled trial and translate these findings from the preclinical to the clinical
patient arena.

Executive summary

Background
• Early, effective reperfusion therapy, from thrombolytic therapies to angioplasty and stenting has defined

ST-elevation myocardial infarction (STEMI) care for >30 years, reducing the morbidity and mortality from this
devastating event. However, STEMI remains a leading cause of morbidity and mortality worldwide and
contributes to the growing population of patients with heart failure requiring ongoing therapies and hospital
readmissions.

• Preclinical testing has demonstrated that compared with reperfusion therapy alone, mechanically unloading the
left ventricle (LV) with the Impella CP R© for 30 min prior to coronary reperfusion reduces infarct size following
STEMI.

• The DTU-STEMI pilot trial was the first study assessing the safety and feasibility of LV unloading with the Impella
CP and delayed reperfusion as a method to reduce infarct size in patients with anterior STEMI without
cardiogenic shock.

• The randomized pilot trial demonstrated both the safety and feasibility of this approach, allowing the
forthcoming STEMI-DTU pivotal trial.

DTU-STEMI trial
• The DTU-STEMI pivotal trial will enroll up to 668 patients (plus two roll-in subjects per site) at up to 60

investigational sites in the USA, with additional international sites.
• Patients will be randomized to either the global standard of care (immediate reperfusion) or ≥30 min of LV

unloading prior to reperfusion.
• The primary end point is infarct size as a percent of LV mass, as measured by cardiac magnet resonance. Patients

with be followed through 5 years, with secondary efficacy outcomes assessed when all subjects have at least
12-months’ follow-up.

Conclusion
• LV unloading to preserve LV myocardial function as an initial strategy in the treatment of patients with high-risk

STEMI is a potentially paradigm changing concept. This approach brings hope for a future where
door-to-unloading takes precedence over reperfusion in appropriate patients, offering the promise of reducing
the short- and long-term consequences of left ventricular dysfunction and chronic heart failure.

• This work also represents a great example of translational research bringing basic and preclinical science to the
clinical arena for the benefit of patients.

Supplementary data

Supplementary data accompany this paper. To download the supplementary data that accompany this paper, please visit the journal

website at: www.futuremedicine.com/doi/suppl/10.2217/fca-2021-0006
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