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Trial Design
Rationale and design of DanGer shock:

Danish-German cardiogenic shock trial

Nanna Junker Udesen, MD, a Jacob Eifer Møller, MD, PhD, DmSc, a Matias Greve Lindholm, MD, PhD, b

Hans Eiskjær, MD, DmSc, c Andreas Schäfer, MD, d Nikos Werner, MD, PhD, e Lene Holmvang, MD, DmSc, b
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and Christian Hassager, MD, PhD, DmScb,1, on behalf of DanGer Shock investigators
Objective The DanGer Shock trial test the hypothesis that left ventricular (LV) mechanical circulatory support with Impella CP
transvalvular microaxial flow pump improves survival in patients with ST segment elevation acutemyocardial infarction complicated by
cardiogenic shock (AMICS) compared to conventional guideline-driven treatment. This paper describes the rationale and design of the
randomized trial, in addition to the baseline characteristics of the population screened and enrolled so far.

Methods The DanGer Shock study is a prospective, multicenter, open-label trial in patients with AMICS randomized 1:1 to
Impella CP or current guideline-driven therapy with planned enrollment of 360 patients. Patients comatose after out of hospital cardiac
arrest are excluded. Eligible patients are randomized immediately following shock diagnosis. Among patients randomized to receive
ImpellaCP, the device is placedprior to angioplasty. The primary endpoint is all-causemortality at 180days. Baseline characteristics of
patients screened and randomized in the DanGer Shock as of June 2018 are compared with 2 contemporary AMICS studies.

Results As of end of June 2018, 314 patients were screened and 100 patients were randomized. Patients had median
arterial lactate of 5.5 mmol/L (interquartile range 3.7-8.8 mmol/L), median systolic blood pressure of 76 mmHg (interquartile
range 70-88 mmHg), and median LV ejection fraction of 20% (interquartile range 10%-30%).

Conclusion The DanGer Shock trial will be the first adequately powered randomized trial to address whether
mechanical circulatory LV support with Impella CP can improve survival in AMICS. Baseline characteristics of the first 100
randomized patients indicate a population in profound cardiogenic shock. (Am Heart J 2019;214:60-8.)
Acute myocardial infarction complicated by cardiogen-
ic shock (AMICS) is a fatal condition with mortality
approaching 40%-60%, despite immediate revasculariza-
tion and increased use of pharmacological and mechan-
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ical circulatory support.1-4 AMICS is characterized by
critical organ hypoperfusion caused by reduced cardiac
output (CO) due to the ischemic myocardial insult.
Although mechanical circulatory support seems intuitive-
ly appealing in AMICS, the only adequately powered
study assessing aortic counterpulasation was neutral,5

and the routine use of the intra-aortic balloon pump
(IABP) was downgraded to a class III recommendation in
the European guidelines.6 Active unloading with trans-
valvular axial flow devices seems promising for the
restoration of CO without the adverse effect of increased
myocardial oxygen consumption associated with phar-
macological circulatory support.7,8 Evidence guided
treatment is sparse as prospective clinical trials are hard
to conduct in this heterogeneous and critically ill
population.9 As a consequence, most available random-
ized trials have been underpowered and/or neutral and
guideline recommendations are driven mostly by expert
consensus.6 Currently, early revascularization is the only
proven treatment to reduce mortality in AMICS,10 but the
extent of revascularization should be limited to culprit
lesion only.11,12

The lack of effect of IABP resulted in an increase in
usage of more advanced circulatory support systems such
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as the Impella microaxial flow devices and veno-arterial
extra corporeal membrane oxygenation (VA-ECMO).4,6

The Impella CP can be rapidly inserted percutaneously
through the femoral artery and is capable of delivering
forward flow of up to 3.8 l/min, thus supporting CO.
Although observational studies demonstrates promising
results with the use of Impella devices in AMICS, no
adequately powered randomized trial exist to support the
routine use of Impella CP in AMICS. Thus, adequately
powered randomized trials are needed to compare
conventional therapy with mechanical circulatory sup-
port devices in AMICS.

Study objective
The DanGer Shock study is a prospective, randomized

(1:1), multicenter, open-label trial in patients with ST-
elevation myocardial infarction (STEMI) complicated by
cardiogenic shock. The study will test the hypothesis that
left ventricular mechanical circulatory support with the
Impella CP device improves survival in AMICS compared
to conventional guideline-driven treatment.13 Thus the
study will answer whether immediate mechanical circu-
latory support with active support of CO and active
unloading of the LV using a percutaneous transvalvular
heart pump in patients with AMICS improves their
outcome.

Primary outcome
The primary endpoint is all-cause mortality at 180 days

after randomization. Overall, all-cause mortality is indis-
putable and cannot be subject to subjective interpreta-
tion and is considered the gold standard for
demonstrating clinical benefit. The relatively short
follow-up and randomized design will minimize the
competing risk that death is caused by other conditions
than AMICS.

Secondary outcomes
The secondary endpoints include composite of cardio-

vascular events (need for additional mechanical support,
need for cardiac transplantation, and death from all
causes), hemodynamic parameters (cardiac power out-
put and lactate clearance for the first 48 hours), renal
function (need for dialysis and RIFLE class), number and
dosage of vasopressor and inotropes at 24, 48, and 72
hours after randomization, left ventricular function at 180
days by echocardiography, time to recovery (duration of
intensive care unit stay and duration of hospitalization),
and health economics with an assessment of incremental
cost effectiveness. Safety endpoints include bleeding
according to the GUSTO criteria, vascular complications
(limb ischemia, need for surgical intervention or ampu-
tation), significant hemolysis, device failure, and damage
to aortic valve.
Patients with cardiogenic shock comprise a group of
critically ill patients with a high risk of severe complica-
tions including infection, bleeding, electrolyte distur-
bances and arrhythmias, irrespective of treatment with or
without a device. Thus, a significant degree of adverse
events are expected to be collected throughout the
intensive care period. The Data Safety Monitoring Board,
consisting of two independent cardiologists and one bio-
statistician, will be monitoring all the safety aspects based
on the documentation provided by clinical trial sites.

Patient population
The study population will consist of 360 patients with

AMICS undergoing primary percutaneous coronary inter-
vention (PCI) for STEMI. The definition of STEMI is specified
in Table 1. Definition of cardiogenic shock is based on
presence of persistent hypotension, tissue hypoperfusion,
documented increase in arterial blood lactate, and reduced
LVEF on echocardiography (Table 1).
Exclusion criteria are listed in Table 1. Patients, who

suffer out of hospital cardiac arrest (OHCA) and remain
comatose after the return of spontaneous circulation
(ROSC) are not eligible. Patients experiencing cardiac
arrest during transfer to hospital or in-hospital with ROSC
are eligible.
The timing of intervention, randomization,
and informed consent
Patients with a diagnosis of AMICS according to the

criteria specified in Table 1 are immediately enrolled in
the trial. If the cardiogenic shock is present before the
PCI and the patient is randomized to Impella treatment,
the device is placed immediately and before revascular-
ization. Patients randomized to conventional therapy will
proceed directly to revascularization. All participating
centers have direct access to an internet-based random-
ization system. Patients in cardiogenic shock often
present in severe distress or are sedated and thus
informed consent cannot be obtained. Therefore, a
stepwise informed consent process is used which has
been approved by the ethical committees in Denmark
and Germany. In Denmark, written informed proxy
consent from relatives will be obtained. In Germany,
the PI's inability to obtain informed consent due to the
urgency of the situation should be backed up by an
independent physician. The PI then assesses and acts
according to the supposed patient's will. As soon as the
patient's condition allows for it, informed consent will be
signed by the patient or a legally enabled person/next of
kin. This approach has been used in several other studies
both in cardiogenic shock5,11,14 and cardiac arrest.15 In
case patient do not wish to participate in the study while
on Impella CP the device is not removed before
hemodynamic stability but data will not be utilized.



Table 1. Inclusion and exclusion criteria

Inclusion criteria

STEMI ST-elevation of the J-point in 2 contiguous ECG leads ≥0.2 mV in men, or ≥0.15 mV in woman in leads V2-V3,
or N0.1 mV in other leads for both gender. In addition patients presenting with STEMI equivalent according to ESC
guidelines 2017 (8) with presumed new proximal occlusion of a coronary artery the patient is also a candidate for inclusion.

Cardiogenic shock a) peripheral sign of tissue hypoperfusion with arterial blood lactate ≥2.5 mmol/L,
b) persistent (b30 min) systolic blood pressure less than 100 mmHg and/or need for vasoactive therapy and
c) left ventricular ejection fraction of less than 45% on echocardiography.

Timing Patients can be enrolled at presentation to catheterization laboratory before PCI and up to 12 hours after intervention.

Exclusion criteria
• Shock duration N24 hours
• Other causes of shock; hypovolemia, sepsis, pulmonary embolism or anaphylaxis
• Shock due to mechanical complication to myocardial infarction; papillary muscle rupture,
rupture of the ventricular septum or rupture of ventricular free wall.
• Severe aorta valve regurgitation/stenosis
• Severe peripheral arterial obstructive disease that would preclude Impella device placement
• Mechanical aortic valve prosthesis
• Already established mechanical circulatory support (Impella or VA-ECMO)
• Left ventricular thrombus
• Infective endocarditis
• Shock due to right ventricular failure
• Out of hospital cardiac arrest with persistent Glasgow coma scale b8 after return of spontaneous circulation. Cardiac arrest occurring in ambulance or
after arrival to hospital is not an exclusion criterion.
• Subject with documented heparin induced thrombocytopenia.
• Life expectancy of less than 1 year due to comorbidities.
• Mental disorder or language barrier that preclude informed consent.
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The DanGer Shock registry
Patients, who are screened, fulfill all inclusion criteria

and one or more exclusion criterion will be prospectively
recorded. This registry will serve as a cohort with
comparable treatment and mortality rates.

Treatment
Hemodynamically unstable patients with STEMI admit-

ted for primary PCI are evaluated in the catheterization
laboratory before PCI including focused echocardiogra-
phy to confirm reduced LV function as cause of shock and
exclude contraindications to Impella placement (LV
thrombus, severe aorta valve disease, severe right heart
failure) and exclude mechanical complications which
constitute exclusion criteria. In addition blood pressure
(invasive or cuff), heart rate, and arterial blood lactate
from the femoral or radial access sheath are assessed. It is
strongly recommended that enrollment in the trial must
take place immediately after a diagnosis of AMICS is
established. If the shock is present prior to angiography,
patients can be randomized at that time. Alternatively,
patients are randomized immediately after angiography
and if randomized to Impella, the device is recommended
to be placed before PCI and before wiring passage of the
culprit lesion. In case of shock developing during or
within 12 hours after PCI, randomization can still be
performed and if allocated to Impella, the device is
inserted immediately after randomization. Revasculariza-
tion strategy is left to the discretion of the PCI operator
and conducted according to most recent guidelines.6,12

Subsequent subacute or elective complete revasculariza-
tion by either PCI or coronary artery bypass surgery is
allowed, based on the discretion of the heart team. The
conventional arm will proceed directly to PCI.6,12 After
the PCI procedure, all patients will be transferred to the
intensive care unit.
At the ICU, all patients, irrespective of randomization

group are recommended to be monitored with a
pulmonary artery catheter, a central venous catheter,
and an arterial cannula to allow for invasive hemodynam-
ic measurements and drug administration. Use and
dosage of inotropes and other relevant vasoactive drugs
will be registered together with hemodynamic measure-
ments during the first 72 hours. The Impella device will
be handled by trained physicians and intensive care
nurses. No weaning attempts are done the initial 48 hrs. If
there is hemodynamic stability after 48 hours weaning
should be attempted. If weaning leads to hemodynamic
instability the device should be maintained, and daily
weaning attempts performed. After one week of support
escalation should be considered. Other diagnostic and



Figure 1

Support strategy for patients managed with Impella CP (A). In case of hemodynamic instability patients can be considered for escalation at any
time after randomization. This may be done using Impella 5.0, VA-ECMO, Impella RP, LVAD or a combination depending on the individual case.
ECPELLA is a combination of VA-ECMO and Impella CP. BIPELLA is a combination of Impella RP and Impella CP. In all cases a weaning attempt will
be performed after 48 hours support. Support strategy for patients managed in control arm (B). In case of hemodynamic instability patients can be
considered for escalation at any time after randomization. This may be done using VA-ECMO or LVAD depending on the individual case. ECPELLA
is a combination of VA-ECMO and Impella. BIPELLA is a combination of Impella RP and Impella CP.
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therapeutic procedures are performed as per current
standard of care, including the need for dialysis,
mechanical ventilation, fluid administration, antibiotic,
and surgical procedures. At arrival to ICU and thereafter
minimally on a daily basis echocardiography is performed
to optimize placement of device in patients allocated to
Impella CP. Potential device related complications
(access site bleeding, hemolysis, leg ischemia) are closely
monitored. In case of severe device related complication
the need of removal of device is evaluated immediately.
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Access site bleeding is attempted to be handled by
manipulation of femoral sheath and if inadequate manual
compression. Hemolysis is monitored using local practice
and if suspected immediate evaluation of placement is
performed. In case of significant drop in hemoglobin
with need for transfusion due to hemolysis device
removal is considered. In case of suspected leg ischemia
a vascular surgical consult is required and if threatening
ischemia removal of the device is considered. The
decision of device removal is made by a team of dedicated
interventional cardiologist, intensive care specialist, and
if relevant vascular and cardiac surgeon, where at least
one of them is not involved in the trial.
The need for escalation of therapy in both groups will

be continuously monitored (Figure 1). Escalation to
Impella 2.5 or CP is strongly discouraged in the
conventional arm. If LV unloading is required in a patient
receiving VA-ECMO treatment in the conventional arm,
other methods of LV unloading (surgical venting,
reduction of ECMO flow, use of inotropes etc.) should
be attempted. Escalation to “full support” can be
considered at any time in both arms including ECMO,
Impella 5.0, and temporary or permanent left ventricular
assist device or heart transplantation (Figure 1). A
decision to escalation is made by a team of dedicated
interventional cardiologist, intensive care specialist, and
heart surgeon, where at least one of them is not involved
in the trial.

Study organization
This study is an investigator-initiated trial with a lead

principal investigator, JEM and a steering committee
responsible for the scientific content of the protocol and
the conduct of the study. The trial was initially approved
by the Danish National Ethical Committee in November
2012 (H-2-2012-034) and registered at ClinicalTrials.gov
(NCT01633502). In January 2013, the first patient was
enrolled and the study was initially planned to end in
2018 including only Danish patients (DANSHOCK). The
clinical landscape in Denmark is unique as 4 specialized
invasive centers (Rigshospitalet Copenhagen, Odense,
Skejby, and Aalborg) provide primary PCI service for the
entire country. Hence, almost 3000 patients are annually
triaged by wireless transmission of ECG recording and a
short history from the ambulance and referred to acute
angiography for suspected STEMI with minimal time
delay. However, despite this, enrollment rate has been
prolonged with only 100 patients randomized until end of
June 2018. Slow enrollment is mainly due to lower than
the anticipated incidence rate of shock, according to the
inclusion criteria and a higher rate of exclusion (de-
scribed in detail in the discussion section). This led to a
change in study composition in 2018. To increase the
enrollment rate, additional German sites with high
volume of PCI procedures and experience with mechan-
ical circulatory support were invited to participate in the
study. German centers are anticipated to start enrollment
at the beginning of 2019. The project has received
funding from the Danish Heart Association and in 2018
the manufacturer of the Impella device, Abiomed Europe
GmbH (Aachen, Germany), provided a research grant
allowing for expansion of the study to Germany (DanGer
shock). The funders have no influence on the design of
the study, data analysis, data interpretation or drafting of
manuscripts. The trial will be monitored by an indepen-
dent Data Safety Monitoring Board.

Statistical plan and data analyses
DanGer Shock will test the null (H0) hypothesis that the

intervention group managed using the Impella CP device
will have a death rate at 180 days that is equal or higher
than the observed death rate in the control group. The
alternative hypothesis (HA) is that the Impella CP-treated
group will have a lower death rate. Rejection of the null
hypothesis with a lower death rate in the Impella group
will demonstrate that the Impella group is superior to the
control group (primary endpoint).
The assumptions for the sample size estimation to test the

above-mentioned hypothesis are that the expectedmortality
rate after 180 days is 60% for patients with severe
cardiogenic shock in this trial. The treatment effect of the
Impella is estimated to be an absolute reduction in mortality
of 18%. To detect this with a power of 80% and a two-sided
alpha error of 5%, a total of 162 subjects are to be included in
each arm to reject the null hypothesis. To account for
dropout, a total of 360 patients will be randomized. The
design allows adapting the sample size in the case of a lower
than anticipated mortality: In such case, enrollment will
continue until 165 events have occurred.
The primary endpoint (death rate at 180 days) will be

analyzed using a test for two independent proportions in
a stratified design (Cochran-Mantel-Haenszel test). In
addition, a multiple Cox, proportional hazard analysis
will be performed with adjustment for possible con-
founders. Analyses will be performed according to the
intention-to-treat principle. The primary endpoint will be
presented using Kaplan Meier plot. In addition, sensitivity
analysis of the per-protocol population will be per-
formed. The per-protocol population is defined as
patients who received treatment according to the initial
allocation. Patients who die before the establishment of
Impella treatment or who do not receive the device for
other reasons will not be included in the per-protocol
analysis. The secondary endpoints will be analyzed using
Cox proportional hazard analysis. In the event that
survival is equal in both the treatment groups, analysis
on secondary endpoints will still be carried out to identify
other variables to be tested in future studies.
One interim analysis of the primary endpoint will be

performed when 180 patients have been followed for 180

http://ClinicalTrials.gov


Table 2. Baseline characteristics from DanGer Shock, IABP-SHOCK and CULPRIT-SHOCK trial

DanGer Shock
Screened not randomized

(N = 314)

DanGer Shock
Randomized

(N = 100/360)

IABP-SHOCK II
Randomized
(N = 595)

CULPRIT-SHOCK
Randomized
(N = 686)

Age 68 (58-76) 68 (59-76) 70 (58-77) 70 (60-78)
Male gender 235 (74.8%) 82 (82%) 409 (68.7%) 524 (77%)
BMI 25.6 (23.4-28.7) 26.1 (23.3-27.9) 27.3 (24.7-30.1) 26.6 (24.5-29.4)

Risk factors
Hypertension 130 (41.4%) 47 (47%) 410 (69.5%) 406 (60.2%)
Diabetes Mellitus 58 (18.5%) 18 (18%) 195 (33.0%) 218 (32.4%)
Hx stroke 27 (8.6%) 7 (7%) 44 (7.4%) 49 (7.2%)
Hx AMI 55 (17.5%) 16 (16%) 131 (22.1%) 113 (16.8%)
Prior PCI 28 (9%) 12 (12%) 113 (19.1%) 127 (18.8%)
Prior CABG 19 (6%) 0 (0%) 52 (5.4%) 33 (4.9%)
Systolic blood pressure, mmHg 80 (70-90) 76 (70-88) 90 (80-108) 100 (85, 125)
Diastolic blood pressure, mmHg 50 (45-60) 50 (40-60) 58 (48-69.5) 60 (50, 80)
Baseline lactate, mmol/L 6.4 (4-10) 5.5 (3.7-8.8) 3.8 (2.2-7.6) 5.0 (2.6, 8.1)
Lactate N2.0 mmol/L 314 (100%) 100 (100%) 442 (74.4%) 440 (66.2%)
Left ventricular ejection fraction (%) 20 (15-30) 20 (10-30) 35 (25-45) 30 (25, 40)
OHCA 165 (52.5%) 0 (0%) 268 (45.0%) 366 (53.6%)
Primary PCI 284 (90.4%) 100 (100%) 570 (95.8%) 685 (100%)
LM/LAD culprit 174 (55.4%) 73 (73%) 305 (51,3%) 341(49.7%)
TIMI 3 post PCI 216 (68.8%) 69 (69%) 465 (81.6%) 582 (85.6%)
Catecholamine infusion 299 (95.2%) 94 (94%) 537 (90.4%) 613 (89.8%)
Mechanical ventilation 264 (84%) 86 (86%) 460 (77.3%) 555 (81.3%)
Renal replacement therapy 83 (26%) 34 (34%) 30 (5.0%) 96 (14.0%)

Abbreviations: AMI, Acute myocardial infarction; BMI, body mass index; CABG, coronary artery bypass graft; Hx, history of; LAD, left anterior descending artery; LM, left main;
OHCA, out of hospital cardiac arrest; PCI, percutaneous coronary intervention. Data are median and 25’th-75’th percentile or number and percentage.
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days. The analyses will be performed by an independent
statistician, member of the DSMB, blinded to the
treatment allocation. At the interim analyses, the overall
mortality rate will be assessed and it will be determined if
the estimated sample size is adequate.

Results
Baseline characteristics of the initial 314 screened and

100 randomized patients are summarized in Table 2. The
baseline characteristics of patients in the present trial is
compared with the IABP-SHOCK II5 and CULPRIT
SHOCK11 study to assess the severity of disease in the
present population. The data demonstrate that patients
randomized constitute a population characterized by
profound shock. Most notable is the absence of OHCA in
DanGer shock (45% in IABP-shock II and 54% in
CULPRITT shock) and the high lactate at randomization
where all patients had lactate N2.5 mmol/L as opposed to
IABP-shock 2 and CULPRIT were 25.6% and 33.8%
respectively had lactate b2 mmol/L (Table 2). Also LVEF
was considerably lower in the 100 randomized patients
with median LVEF 20% opposed to median LVEF 35%
(IABP-shock II) and 30% (CULPRITT shock).

Discussion
The proposed study will, to our knowledge, be the first

adequately powered randomized controlled trial in
AMICS to evaluate the impact of the Impella CP device
in regard to 180 days mortality and will provide
fundamental knowledge on the use of transvalvular LV
unloading in the setting of AMICS. In condition such as
AMICS associated with critically low CO, decreased
myocardial contractility and increased wall stress, a
strategy that unloads the myocardium and restores CO
without increasing myocardial oxygen demand is theo-
retically appealing.16,17 However this strategy is yet to be
proven of benefit. The theoretic benefit of ventricular
unloading include decreased wall stress, reduced myo-
cardial oxygen consumption and improvement or main-
tenance of CO leading to an increase in coronary and
systemic perfusion.18 In DanGer the placement of the
device is done immediately after first confirmation of
AMICS, thus if patient is in shock before PCI the device is
recommended to be placed before PCI. The optimal
timing of device insertion is unknown. Experimental data
as well as data from clinical registries favor early
placement of device.18,19 Registry data suggests higher
survival rates with Impella placement before revascular-
ization than in those with Impella placed after PCI.20,21

However, the level of evidence of observational studies is
low as the data are subject to selection bias and other
confounding factors, and a recent study matching clinical
patients to patients randomized in IABP-shock 2 failed to
demonstrate benefit.22 Recently the concept of “door to
unloading”was tested in a pilot study in the United States
on patients with STEMI without shock demonstrating that
unloading the LV with the Impella CP even when
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delaying PCI 30 min was not associated with increased
infarct size.23 Although, potential benefit of early use at
onset of AMICS include improved survival, reduction of
infarct size, and improved recovery of LV function, earlier
use might also lead to complications (hemolysis, bleeding
from the insertion site, limb ischemia and development of
aortic regurgitation), and will delay PCI when Impella is
placed before revascularization. However the risk of
complications balanced by the possible benefit of the
Impella in patients with AMICS,13 can only be truly
assessed in an adequately powered randomized clinical
trial. Patients in shock on arrival may differ from patients
with preshock that develop overt shock during revascu-
larization or afterwards that also are enrolled in the study
as MCS often is considered in these situations. The study
is not powered to assess primary outcome in these
subgroups and these exploratory subgroup analyses will
be hypothesis generating.

Randomized trials in AMICS
Randomized trials are the fundament in assessment of

cardiovascular and medical device innovations, albeit it
may pose many logistic and methodological challenges.
The low incidence rate of CS of b10% of patients with
AMI alone will pose a challenge when performing
randomized trials in this population.9 Moreover, patients
with CS often present in INTERMACS class 1 or 2, have
high mortality and procedural risks due to presence of
multiple comorbidities and extensive coronary disease,
and thus are not readily enrolled in clinical trials.24 Due to
the emergent nature of intervention in the setting of
myocardial infarction, seeking informed consent from the
patient's family may be difficult. Further study candidates
most likely to benefit from Impella might also be
excluded due to a variety of circumstantial reasons such
as availability of trained personnel and individual
preferences of treating physicians. Thus handling ran-
domization in crash and burn situations is a difficult task
that can lead to selection bias and likely explain slow
enrollment in AMICS trials resulting in early trial
termination and underpowered studies with high risk of
type-2 error.9 To overcome these issues, a trial should
focus on objective criteria of AMICS. Current classic
definition of cardiogenic shock identifies a heteroge-
neous group with different severities of cardiogenic
shock that make interventional studies difficult. Restrict-
ing the inclusion and exclusion criteria in clinical trials
could help to determine a more homogenous population.
Data from the screening registry of current study
indicates that 5% of patients with STEMI have cardiogenic
shock based on the enrollment criteria and of those only
40% are potentially eligible for this trial. The requirement
of an arterial blood lactate exceeding 2.5 mmol/L has
been contributing to the lower incidence of AMICS in this
trial. This cut off was based on previous data suggesting
an abrupt increase in mortality when lactate exceeds 2.5
mmol/L in STEMI patients.25,26 The use of high lactate
concentrations to diagnose hypoperfusion is an attempt
to use a more objective marker of reduced organ
perfusion than the more classic, yet subjective signs of
cold and clammy skin, altered mental status or oli-
guria.26,27 As STEMI is a stressful condition, even patients
without shock often present with sweaty and clammy
skin.28 Altered mental status is associated with the worse
outcome if cardiogenic shock is confirmed.29 However,
pain, anxiety, and administration of opioids could also
affect the mental state in the acute setting, making it
difficult to use this criterion as a diagnostic marker of
hypoperfusion. Current data suggests that about 2/3 of
patients with AMICS are in cardiogenic shock prior to
admission and diagnosis of oliguria before intervention
would delay diagnosis and treatment.3 The use of systolic
blood pressure values b100 mmHg has been reported by
other studies to identify shock, even though maximum
values of 80 or 90 mmHg are used in most trials.10,30,31

Visual assessment of LVEF by echocardiography is
mandatory to confirm depressed LV function and to
exclude contraindication to place axial flow pumps.
When comparing our initial 100 randomized patients
with the populations from the 2 largest contemporary
AMICS studies, as the DanGer criteria identifies a
subgroup of AMICS with profound shock characterized
by higher lactate concentrations and lower LVEF than
contemporary large scale trials.5,11 This is despite
exclusion of comatose patients with OHCA Inclusion of
an elevated LV end diastolic pressure would pathophy-
siologically make good sense when using a device that
unloads the LV. However, as this cannot replace other
inclusion criteria and was felt to make the already difficult
enrollment process to cumbersome.
Blinding or use of sham procedure is for obvious

reasons impossible in this study which introduce the risk
of bias. Thus it is imperative that management of control
patients will closely reflect the management of patients in
centers with 24/7/365 availability of mechanical circula-
tory support. Thus control patients that deteriorate
hemodynamically or are not stabilized after revasculari-
zation and catecholamines are immediately discussed for
possible escalation to VA-ECMO in a multidisciplinary
setting. Further all control patients are monitored for at
least 48 hours with invasive hemodynamic monitoring in
the same ICU setting as Impella CP patient. Use of
inotopes, renal replacement therapy and mechanical
ventilation are used according to same algorithms in
control and Impella patients to reduce this bias.

The rationale for the exclusion of OHCA
In most AMICS trials, a significant proportion of

patients present with OHCA. OHCA is associated with
lactate acidosis and stunned myocardium and is indistin-
guishable from AMICS. However, the hemodynamic
instability often resolves rapidly, and the majority of
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deaths is caused by irreversible hypoxic cerebral injury not
expected to benefit from LV-support.15,32 In the recent
IMPRESS in Severe Cardiogenic Shock trial, 48 AMICS
patients were randomized to IABP or Impella 2.5/CP.29 To
investigate the effect of Impella support in patients with
severe degree of shock,mechanical ventilationwas included
as an enrollment criterion. Possibly due to this, 92% of
included patientswere resuscitated forOHCAwith amedian
duration of chest compression ofmore than 20min and 25%
of resuscitated patients were resuscitated for more than 45
min, implying a significant risk of hypoxic cerebral injury.
Whether this contributed to the neutral result of the trial
remains speculative. Patients suffering from OHCA are
excluded in the DanGer Shock trial, as we do not anticipate
attenuation of hypoxic brain injury using the Impella device.
Patients experiencing cardiac arrest in the catheterization
laboratory or after the arrival of emergency medical services
are included in this trial. Presence of OHCA has so far been
the most frequent reason for exclusion resulting in slow
enrollment rate.

Conclusion/Summary
The DanGer Shock trial is designed to test the hypothesis

that left ventricular mechanical circulatory support with the
Impella CP device improves survival in patients with acute
myocardial infarction complicated by cardiogenic shock.
The strict enrollment criteria and exclusion of patients with
OHCA patients has led to enrollment of patients with
profound shock but also led to slow enrollment. Hence, the
study is expanding to Germany with renaming of DanShock
trial to DanGer Shock.

Appendix A

Executive steering committee: JE Møller (principal inves-
tigator), C Hassager, Eiskjær, N Werner and A Schäfer.
Steering Committee: MG Lindholm, L Holmvang, C Juhl

Terkelsen, LO Jensen, A Junker, H Schmidt, K Wachtell,
and T Engstrøm, C Schulze.
Professor H Thiele is not participating in the conduct of

the trial but has provided data from IABP-SHOCK II and
CULPRIT-SHOCK studies.
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