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ABSTRACT
Background: Mechanical circulatory support in cardiogenic shock (CS)
with percutaneous left ventricular assist devices (PVADs) has
expanded rapidly, but there is a paucity of Canadian data. Conflicting
observational reports have emerged regarding the benefit of PVADs in
CS. We describe a 5-year experience with Impella CP for CS at a single
Canadian tertiary care centre.
Methods: Consecutive adult patients with CS supported with Impella
CP were included. Comprehensive clinical data and outcomes were
retrospectively assessed. We evaluated patient characteristics, pat-
terns of care, in-hospital outcomes, 6-month survival, and predictors of
survival.
Results: Thirty-four patients were supported with Impella CP for CS
over 5 years. A majority had acute myocardial infarction (94%) with
advanced CS (68% Society for Cardiovascular Angiography and
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R�ESUM�E
Contexte : L’assistance circulatoire m�ecanique en cas de choc car-
diog�enique (CC) avec des dispositifs d’assistance ventriculaire gauche
percutan�ee s’est rapidement d�evelopp�ee, mais les donn�ees cana-
diennes restent rares. Des rapports d’observation contradictoires ont
�emerg�e concernant les avantages des dispositifs d’assistance ven-
triculaire gauche percutan�ee en cas de CC. Nous d�ecrivons une
exp�erience de cinq ans avec l’Impella CP pour les CC dans un seul
centre de soins tertiaires canadien.
M�ethodes : Des patients adultes assist�es par l’Impella CP, con-
s�ecutivement à un CC, ont �et�e inclus. Les donn�ees et les conclusions
cliniques d�etaill�ees ont �et�e �evalu�ees r�etrospectivement. Nous avons
�evalu�e les caract�eristiques des patients, les modèles de soins, les
bilans en milieu hospitalier, la survie à six mois et les indicateurs de
survie.
Despite advances in contemporary therapy, the mortality in
acute myocardial infarction with cardiogenic shock (AMICS)
remains approximately 50%.1 The only strategy proven to
improve outcomes is early revascularization.2 The patho-
physiology of AMICS is complexdsystemic hypoperfusion
from low cardiac output causes end-organ dysfunction, hyp-
oxemia, inflammation, and further myocardial ischemia.3-5

The use of temporary mechanical circulatory support
(MCS) to augment cardiac output and mitigate this delete-
rious cascade is an attractive strategy that may improve
outcomes.6 Clinical trial evidence has failed to demonstrate
meaningful improvement in outcomes with the intra-aortic
balloon pump (IABP) despite its widespread use in
AMICS.7 The modest effects of IABP on cardiac output may
provide insufficient support, highlighting a need for novel
strategies.

Temporary percutaneous left ventricular assist devices
(PVADs), such as Impella (Abiomed, Inc, Danvers, MA), can
augment cardiac output to a much greater extent than IABP
and have emerged as a promising tool in AMICS.8 In contrast
to venoarterial extracorporeal membrane oxygenation (VA-
ECMO) that increases left ventricular afterload and myocar-
dial wall stress, Impella unloads the left ventricle and increases
coronary perfusion pressure.9-11

A small randomized trial compared Impella CP with IABP
in patients with AMICS and showed no reduction in 30-day
mortality.12 A majority of patients in this study suffered car-
diac arrest and the most frequent cause of death was neuro-
logical, potentially obviating a benefit of Impella CP support.
This is an open access article under the CC BY-NC-ND license (http://

https://doi.org/10.1016/j.cjco.2020.05.001
https://doi.org/10.1016/j.cjco.2020.05.001
mailto:brian.clarke@ahs.ca
http://crossmark.crossref.org/dialog/?doi=10.1016/j.cjco.2020.05.001&domain=pdf
https://doi.org/10.1016/j.cjco.2020.05.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Intervention [SCAI] stage D or E). Survival to discharge was 58%. In
patients who survived to discharge, 6-month survival was 100% with
excellent functional status. SCAI CS stage and initial serum lactate
showed significant associations with survival. There was also a trend
towards improved survival with shorter door-to-PVAD time. Clinically
significant bleeding was common (26%), and 3 patients had device-
related vascular complications.
Conclusion: Impella CP may have a role in carefully selected patients
with CS. The SCAI shock classification and serum lactate may facilitate
patient selection, and minimizing door-to-support time as well as
bleeding complications are important considerations. Further clinical
investigations, particularly in a Canadian setting, will be necessary to
establish the role of this new technology in CS.

R�esultats : Trente-quatre patients ont �et�e pris en charge avec l’Impella
CP pour un CC sur une p�eriode de cinq ans. Une majorit�e d’entre eux
ont subi un infarctus aigu du myocarde (94 %) avec un CC avanc�e (68
% au stade D ou E sur l’�echelle de la Society for Cardiovascular
Angiography and Intervention [SCAI]). La survie jusqu’au cong�e hos-
pitalier �etait de 58 %. Chez les patients qui ont surv�ecu jusqu’à leur
cong�e de l’hôpital, la survie à six mois �etait de 100 % avec un excellent
�etat fonctionnel. Le stade de leur CC selon la SCAI et le lactate s�erique
initial ont montr�e des associations significatives avec le taux de survie.
On a �egalement constat�e une tendance à l’am�elioration de la survie
avec un temps de porte à dispositifs d’assistance ventriculaire gauche
percutan�ee raccourci. Des h�emorragies importantes �etaient
fr�equentes (26 %) et trois patients pr�esentaient des complications
vasculaires li�ees au dispositif.
Conclusion : L’Impella CP pourrait avoir un rôle chez des patients
atteints de CC soigneusement s�electionn�es. La classification du choc
selon la SCAI et le niveau de lactate s�erique peuvent faciliter la s�election
des patients, et la r�eduction du temps de « porte à assistance » ainsi que
les complications h�emorragiques constituent des consid�erations d’im-
portance. D’autres investigations cliniques, en particulier dans un con-
texte canadien, seront n�ecessaires pour �etablir le rôle de cette nouvelle
technologie dans le CC.
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The Detroit Cardiogenic Shock Initiative investigators
developed and implemented a novel AMICS protocol based
on PVAD support. The authors report an improved survival
rate in AMICS from 51% to 76% after protocol imple-
mentation.13 A similar protocol that emphasized a multidis-
ciplinary cardiogenic shock (CS) team approach also
significantly reduced in-hospital mortality compared with
historical outcomes at a single centre.14

Impella use has expanded dramatically in the United States
and Europe; however, there are few published data from a
Canadian setting.15-17 We describe the use of Impella CP for
CS at a single Canadian tertiary centre. We report patient
characteristics, implant procedure details, complications, and
long-term outcomes. We highlight the challenges and op-
portunities for this therapeutic strategy in a Canadian setting,
which presents unique geographical and health system
considerations.
Material and Methods
This study is a retrospective cohort of consecutive adult

patients (> 18 years old) with CS treated with Impella CP at
Foothills Medical Center (FMC) in Calgary, Alberta, Canada.
FMC is a 1000þ-bed regional cardiovascular referral centre
with a catchment area of approximately 2 million people.
FMC houses the only cardiac catheterization laboratory and
provides all cardiovascular surgery in southern Alberta. There
is a dedicated cardiovascular intensive care unit (CICU), and a
full spectrum of MCS including temporary and durable sur-
gical ventricular assist devices are offered. Impella CP has been
used since June 2014. CS was diagnosed by standard clinical
and haemodynamic criteria (Fig. 1).5

Comprehensive clinical data were obtained from electronic
medical records, paper charts, and the provincial cardiovas-
cular research database (Alberta Provincial Project for
Outcome Assessment in Coronary Heart Disease). Abstracted
data included demographic information, past medical history,
presentation time to peripheral emergency departments and
FMC, emergency room vital signs, emergency room man-
agement details (ie, initiation of vasopressors or mechanical
ventilation), catheterization procedure details, and complica-
tions during hospitalization. We collected admission labora-
tory data, blood transfusions, vasopressor requirements,
ventilation requirements, IABP use and duration, and PVAD
support duration. Left ventricular function at admission was
assessed by angiography and/or echocardiography. We retro-
spectively classified each patient according to the recent So-
ciety for Cardiovascular Angiography and Interventions
(SCAI) CS classification.18 The vasopressor-inotrope score
(VIS) was calculated for each patient at admission and 24
hours for patients still alive.19 Bleeding was classified by the
Global Use of Streptokinase and TPA for Occluded Arteries
(GUSTO) criteria.20 Device-related vascular complications
were defined as major bleeding requiring device explanation,
limb ischemia, or vessel injury requiring repair. When calcu-
lating symptom to MCS-support time, the estimated onset of
ischemic symptoms was defined as time ¼ 0. Six-month
survival and cerebral performance category were ascertained
through electronic review chart review.

To contextualize CS management at our centre, we also
included a representative cohort of all patient admissions to
the FMC CICU for calendar year 2015. We used electronic
medical record data to identify patients with evidence of CS.
CS criteria included sustained systolic blood pressure <90
mm Hg for at least 30 minutes or need for inotropic drugs or
MCS, and evidence of end-organ dysfunction. Markers of
end-organ dysfunction were elevated lactate (> 2.0 mmol/L)
or acute kidney injury defined by the Kidney Disease
Improving Global Outcomes criteria (a rise in serum creati-
nine of � 26.5 mmol/L in 48 hours, increase in serum cre-
atine to 1.5 times the known baseline, or reduction in urine
output to < 0.5 mL/kg/h for at least 6 hours).21
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PATIENT SELECTION CRITERIA
INDICATIONS
• Tachycardia
• Cool, clammy extremities
• Pulmonary congestion/need for 

ventilator support
• Urine output <30 mL/hr
• SBP ≤90 mmHg, “Profound” SBP 

≤75 mmHg, MAP ≤55 mmHg
• PCWP ≥17 mmHg
• Cardiac index ≤2.2L/min/m2

• High dose or multiple 
inotropic/vasopressor support

CONTRAINDICATION FOR IMPELLA
• Active CPR
• Obvious major neurological 

dysfunction not expected to resolve
• Cardiogenic shock primarily related 

to RV failure
• Advanced age/frailty (age �70y 

requires absence of comorbidities)
• Active sepsis
• Uncontrolled infection (eg. Abscess)
• Uncontrolled malignancy
• End Stage Renal Disease (ESRD)
• Cirrhosis with evidence of liver 

dysfunction
• Severe peripheral vascular disease 

(PVD)
• Aortic insufficiency
• Aortic dissection 
• Out of hospital arrest with unknown 

downtime
• Active bleeding

Impella CP housed in Cardiac CL 
Room 6

Equipment included:
• Console
• Impella CP Catheter
• Purge Solution (D20W 500mL)
• Spare 0.018 260cm wire

Percutaneous 
ECMO for 

biventricular failure 
(to be done by on-

call surgeon)

Figure 1. Foothills Medical Centre Impella CP cardiogenic shock protocol. CICU, cardiovascular intensive care unit; CPR, cardiopulmonary
resuscitation; ECMO, extracorporeal membrane oxygenation; LV, left ventricular; MCS, mechanical circulatory support; PCWP, pulmonary capillary
wedge pressure; RN, registered nurse; RV, right ventricular; SBP, systolic blood pressure; VAD, ventricular assist device.

372 CJC Open
Volume 2 2020
Data were summarized with descriptive statistics. We
compared survivors vs nonsurvivors using Fisher’s exact test
for discrete variables and Student’s t-test for continuous
variables. Associations with survival to hospital discharge
were assessed with univariable logistic regression. Given the
limited sample size, multivariable modelling was not per-
formed. All statistical tests were 2-sided, and a P value of <
0.05 was considered significant. Analysis was performed
with Microsoft Excel, Wolfram Alpha Prism Graph Pad, and
Stata version 13 (StataCorp, College Station, TX). The
study was approved by the Institutional Review Board at the
University of Calgary.
Results
The MCS protocol and complete patient selection

criteria are shown in Figure 1. Patient referrals came from
interventional cardiology or CICU. The decision to initiate
MCS was made jointly between interventional cardiology,
advanced heart failure, cardiac surgery, and the CICU
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Figure 2. (A) Number of percutaneous left ventricular assist devices
(PVADs) implanted for cardiogenic shock at Foothills Medical Center
(FMC) by year. (B) Survival to hospital discharge (%) by year. Note that
2014 and 2019 did not capture full calendar years.
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attending physician. Patients with biventricular failure or
severe respiratory failure generally received VA-ECMO and
are not included in the present series. During one repre-
sentative year, there were 1986 admissions to the FMC
CICU including 305 patients with evidence of CS by
screening criteria. CICU mortality for patients without CS
criteria was only 0.5%, whereas patients with CS criteria had
CICU mortality of 17%. During this year, 61% of the
patients with CS had a primary diagnosis of acute coronary
syndrome, 71 patients had an IABP, and 15 underwent
Impella CP support.

Impella CP patient characteristics

In total 34 patients with CS were supported with Impella
CP over a 5-year period (Fig. 2). Impella CP patient charac-
teristics are provided in Table 1. The mean age of patients was
56.6 years and 29% were female. Vascular risk factors were
common (hypertension 44%, diabetes 35%, current smoking
29%), but few patients had a history of prior myocardial
infarction or coronary revascularization. A majority of patients
had AMICS (94%). Twenty-six patients presented with ST
elevation myocardial infarction (76%), 6 with non-ST eleva-
tion myocardial infarction (18%), 1 with myocarditis, and 1
with decompensated cardiomyopathy. At initial presentation,
55% of patients were mechanically ventilated, 65% were
supported with vasoactive medications, and 24% had out-of-
hospital cardiac arrest. Patients with cardiac arrest underwent
targeted temperature management to 36�C. Twenty-six pa-
tients (76.4%) were transferred from peripheral hospitals and
8 patients (23.5%) presented directly to FMC. Fifteen pa-
tients came from peripheral hospitals with a mean transport
distance of 186 km.

At arrival, the average mean arterial pressure was 72 mm
Hg, pulse was 94 beats/min, and the mean left ventricular end
diastolic pressure was 28 mm Hg. The mean Global Registry
for Acute Coronary Events score was 167.5, and 23 patients
(68%) were SCAI stage D or E. The mean initial serum
lactate was 4.3 mmol/L, and peak high sensitivity troponin-T
was 16,140 ng/L. Twenty-six patients had severe (left ven-
tricular ejection fraction 21%-30%, 11 patients) or very severe
left ventricular systolic dysfunction (left ventricular ejection
fraction <20%, 15 patients).

Cardiac catheterization and device implant

Cardiac catheterization and device implant details are
provided in Table 2. All Impella CP devices were implanted in
the femoral artery. Among the 32 patients with AMICS,
culprit arteries were left anterior descending (13), multivessel
(8), left main (5), right coronary artery (3), and left circumflex
(3). Twenty-seven patients (84%) underwent angioplasty
(second-generation drug eluting stents) and 3 underwent
coronary artery bypass grafting. Among all patients 50% had
initial haemodynamic support with IABP. Eleven patients
(32%) required resuscitation from cardiac arrest or unstable
ventricular arrhythmia during cardiac catheterization. Impella
CP was implanted during the initial cardiac catheterization
procedure in 23 patients (68%), before angioplasty in 3 pa-
tients (9%), and after clinical deterioration following revas-
cularization and initial support in CICU in 11 patients
(32%). There was a trend towards shorter door-to-MCS over
time (Fig. 3). The mean arrival to Impella CP implant time
was 16.1 hours until 2016 and 6.7 hours from 2017 onwards
(P ¼ 0.14). Over the entire study period, 17 patients (50%)
had Impella CP implanted within 2 hours of arrival. Survival
to discharge amongst patients receiving MCS within and after
2 hours of arrival to FMC was 65% and 53%, respectively
(P ¼ 0.728).

Outcomes and complications

Outcomes and complications are detailed in Table 3. The
mean length of CICU stay was 8 days, and the mean duration
of Impella CP support was 58.2 hours. Fifteen patients (44%)
had a Swan-Ganz catheter implanted, and the mean initial
VIS was 18.6. The mean duration of mechanical ventilation
was 79.3 hours, and only 2 patients required renal replace-
ment therapy. Five patients required additional support with
VA-ECMO, and Impella CP was implanted for LV venting
after VA-ECMO support in 1 patient.

Twenty-one patients (62%) survived to CICU discharge,
and 20 patients (59%) survived to hospital discharge; 8 of 14
(57%) nonsurvivors died within 24 hours of Impella CP
implantation. Two patients received permanent left ventric-
ular assist devices, and both ultimately underwent successful
cardiac transplantation. All discharge survivors were alive at 6
months, and the mean cerebral performance category among
these patients was 1.05.



Table 1. Percutaneous left ventricular assist device cardiogenic shock patient characteristics

Total (N ¼ 34) Survivors (N ¼ 20) Nonsurvivors (N ¼ 14) P value

Demographics
Age (�SD) 56.6 (12.5) 56.7 (14.7) 56.5 (9.1) 0.971
Female 10 (29.4%) 5 (25.0%) 5 (35.7%) 0.704
BMI (�SD) 29.2 (6.6) 28.8 (6.6) 29.7 (6.9) 0.734
Current smoking 10 (29.4%) 7 (35.0%) 3 (21.4%) 0.467
Hypertension 15 (44.1%) 6 (30.0%) 9 (65.3%) 0.080
Diabetes mellitus 12 (35.3%) 5 (25.0%) 7 (50.0%) 0.163
Prior CAD 4 (11.8%) 2 (10.0%) 2 (14.3%) 1.000
Prior stroke 0 (0.0%) 0 (0.0%) 0 (0.0%) 1.000
Prior PCI/CABG 2 (5.9%) 1 (5.0%) 1 (7.1%) 1.000
Cardiac arrests 12 (35.3%) 7 (35.0%) 5 (35.7%) 1.000
OHCA 8 (23.5%) 5 (25.0%) 3 (21.4%) 1.000

Etiology
STEMI 26 (76.5%) 17 (85.0%) 9 (64.3%) 0.228
NSTEMI 6 (17.6%) 2 (10.0%) 4 (29.6%) 0.202
Other 2 (5.9%) 1 (5.0%) 1 (7.1%) 1.000

Mean GCS (�SD) 12.4 (4.9) 12.4 (4.5) 12.4 (5.1) 0.995
Mechanical ventilation 19 (55.9%) 10 (50.0%) 9 (64.3%) 0.495
Initial vasoactive drugs 21 (61.8%) 11 (55.0%) 10 (71.4%) 0.477
GRACE score (�SD) 167.5 (40.3) 168.0 (28.0) 169.4 (34.4) 0.986
Initial heart rate (bpm) (�SD) 93.7 (24.1) 86.2 (21.2) 105.3 (24.5) 0.030
Initial MAP (mm Hg) (�SD) 72 (15) 73 (15) 70 (14) 0.534
LVEDP (mm Hg) (�SD) 28 (9) 26 (8) 30 (11) 0.323
Initial biochemistry

Haemoglobin (g/L) (�SD) 143.9 (20.6) 142.8 (19.6) 145.5 (19.6) 0.708
Creatinine (mmol/L) (�SD) 109.7 (43.9) 96.5 (30.0) 128.6 (54.9) 0.060
Lactate (mmol/L) (�SD) 4.3 (3.2) 3.36 (2.9) 5.7 (3.3) 0.049
Troponin (ng/L) (�SD) 6439.7 (9334.4) 7850.5 (11211.0) 4486.15 (5714.4) 0.285
pH (�SD) 7.24 (0.2) 7.29 (0.1) 7.16 (0.2) 0.023
Initial bilirubin (mmol/L) (�SD) 14.1 (4.3) 16.0 (3.5) 11.6 (5.1) 0.305
Initial ALT (IU/L) (�SD) 346.2 (989.6) 153.0 (174.6) 613.6 (1507.2) 0.206
Initial INR (�SD) 1.2 (0.3) 1.2 (0.2) 1.3 (0.5) 0.538
Initial LVEF (%) (�SD) 27.9 (8.9) 24.5 (7.7) 26.5 (8.4) 0.249

Data are presented as n (%) unless specified otherwise.
ALT, alanine transferase; BMI, body mass index; CABG, coronary artery bypass graft; CAD, coronary artery disease; GCS, Glasgow coma scale; GRACE,

Global Registry of Acute Coronary Events; INR, International Normalized Ratio; LVEDP, left ventricular end diastolic pressure; LVEF, left ventricular ejection
fraction; MAP, mean arterial pressure; NSTEMI, non-ST-segment elevation myocardial infarction; OHCA, out-of-hospital cardiac arrest; PCI, percutaneous
intervention; SD, standard deviation; STEMI, ST-segment elevation myocardial infarction.
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Impella CP was explanted because of complications in 2
patients; one device was explanted after entanglement in the
mitral valve apparatus and the second after hemorrhage at the
femoral artery implantation site. GUSTO moderate/major
Table 2. Cardiac catheterization and device implant

Total (N ¼ 34)

Culprit artery
LAD 13 (38.2%)
LCx 3 (8.8%)
RCx 3 (8.8%)
LM 5 (14.7%)
MVD 7 (20.6%)
Graft 1 (2.9%)

Hospital transfer 26 (76.5%)
Door to balloon time (min) (�SD) 58.3 (52.8)
PCI performed 27 (79.4%)
Initial IABP 15 (44.1%)
Impella at the time of first catheterization 23 (67.6%)
Impella before PCI 3 (8.8%)
Symptom to Impella time (h) (�SD) 40.3 (62.9)
Foothills to Impella time (h) (�SD) 13.5 (22.9)
VIS at the time of Impella (�SD) 18.6 (23.7)

Data are presented as n (%) unless specified otherwise.
IABP, intra-aortic balloon pump; LAD, left-anterior descending; LCx, left circ

vention; RCx, right coronary; SD, standard deviation; VIS, vasoactive-inotropic sco
bleeding occurred in 11 patients (32%). Twenty-two patients
(65%) underwent transfusion with an average of 7.6 units of
packed red blood cells (median, 1 unit). The most frequent
site of major bleeding was the femoral implantation site
Survivors (N ¼ 20) Nonsurvivors (N ¼ 14) P value

7 (35.0%) 6 (42.9%) 0.728
2 (10.0%) 1 (7.1%) 1.000
3 (15.0%) 0 (0.0%) 0.251
4 (20.0%) 1 (7.1%) 0.379
3 (15.0%) 4 (28.6%) 0.410
0 (0.0%) 1 (7.1%) 0.412
13 (65.0%) 13 (92.9%) 0.102

48.6 (40.7) 75.3 (69.1) 0.344
16 (80.0%) 11 (78.6%) 1.000
9 (45.0%) 6 (42.9%) 1.000
13 (65.0%) 10 (71.4%) 1.000
1 (5.0%) 2 (14.3%) 0.556

38.2 (40.7) 43.3 (69.1) 0.824
10.3 (14.1) 18.2 (31.7) 0.385
11.2 (17.4) 31.5 (28.2) 0.048

umflex; LM, left main; MVD, multivessel disease; PCI, percutaneous inter-
re.



7.8

17.3
16.1

9.0

2.0

6.6

2014 2015 2016 2017 2018 2019

M
ea

n 
FM

C
 to

 Im
ep

lla
 Im

pl
an

t (
ho

ur
s)

Year

Figure 3. Foothills Medical Center (FMC) to Impella implant time
(hours) in patients presenting with cardiogenic shock by year. Note
that 2014 and 2019 do not represent full calendar years.

Trpkov et al. 375
PVAD in Cardiogenic Shock
(21%), and other significant bleeding sites included thoracic
(9%) and intraperitoneal (6%). Significant vascular compli-
cations occurred in 3 cases. One patient with peripheral
arterial disease developed worsening limb ischemia and ulti-
mately required below knee amputation. A second patient
developed a pseudoaneurysm that was treated successfully
with thrombin injection. The third patient developed a
massive hemorrhage at the femoral access-site that required
repair.

Predictors of survival

The initial serum lactate was lower in survivors vs non-
survivors (3.36 vs 5.71 mmol/L, P ¼ 0.049). Survival was
significantly greater among SCAI stage C vs SCAI stage D or
E patients (93% vs 43%, P ¼ 0.011). Survival among SCAI
stage D patients was 53%, whereas no SCAI stage E patients
survived (Fig. 4). There was a trend towards higher survival to
hospital discharge among patients who presented directly to
FMC compared with patients who were transferred (87.5% vs
50.0%, P ¼ 0.10). The interval between symptom onset and
PVAD implantation was 22.5 hours for directly admitted
patients vs 48.5 hours for transferred patients (P ¼ 0.16).
Unadjusted associations with in-hospital mortality are shown
Table 3. Outcomes and complications

Clinical management pattern Total (N ¼ 34) Su

Mean VIS at 24 h (�SD) 13.4 (18.0)
Mean delta VIS at 24 h (�SD) 0.9 (17.2)
Mean length of mechanical ventilation

(h) (�SD)
79.3 (111.8)

Complication requiring explant 4 (11.8%)
CABG during admission 3 (9.1%)
GUSTO moderate/major bleeding 11 (26.4%)
Bleed by location

Groin 6 (17.6%)
Retroperitoneal 2 (5.9%)
Intrathoracic 3 (8.8%)
Intraperitoneal 2 (5.9%)

Haemolysis 3 (8.8%)
Vascular complication 3 (8.8%)
Stent thrombosis 1 (2.9%)

Data are presented as n (%) unless specified otherwise.
CABG, coronary artery bypass graft; GUSTO, Global Use of Streptokinase and

score.
in Table 4. Lower initial serum pH (unadjusted odds ratio
[OR], 0.52; P ¼ 0.025) and higher VIS score (unadjusted
OR, 1.55 per 10 points; P ¼ 0.043) were associated with
increased in-hospital mortality. Presenting in SCAI stage D/E
shock was also associated with in-hospital mortality (unad-
justed OR, 13.0; P ¼ 0.026).
Discussion
We provide the first detailed report describing the use of

Impella CP for CS at a Canadian tertiary care centre. CS
accounted for up to 15.4% of admissions to our CICU during
1 representative year. Impella CP support was reserved for the
highest acuity cases, and advanced CS (SCAI stage D/E) was
present in the majority of patients. Despite this, a significant
proportion of these patients survived to discharge and had
excellent functional outcomes at 6 months.

A greater proportion of our Impella CP patients had un-
derlying AMI compared with our overall CICU CS popula-
tion (94% vs 61%). Reasons for this discrepancy may include
selection bias, chance effects due to small sample size, and
differential prevalence of Impella CP exclusion criteria among
patients with non-AMI CS. In addition, Impella CP was
reserved for patients with isolated left ventricular failure. In a
recent multicentre study from Italy, AMICS was the indica-
tion for Impella in 75.1% of cases.22

Our data suggest that the SCAI classification combined
with initial serum lactate may facilitate identification of can-
didates for Impella CP support. Optimal patient selection and
timing are key factors determining success of MCS. Profound
CS may render MCS potentially futile, whereas patients with
early-stage CS may improve with medical therapy alone.
Determining MCS candidacy and the appropriate MCS mo-
dality is a complex, time-limited decision that involves mul-
tiple clinicians and often relies on incomplete data. The SCAI
classification is straightforward and can be calculated with
limited data available at the time of initial patient presenta-
tion. This classification scheme predicts survival in CS and has
gained rapid acceptance.23 The SCAI classification could help
streamline shock team communication and facilitate MCS
selection. In our series, patients with SCAI stage E shock or
rvivors (N ¼ 20) Nonsurvivors (N ¼ 14) P value

10.13 (11.8) 25.9 (31.4) 0.329
�1.1 (16.8) 8.3 (18.7) 0.350
86.9 (116.5) 68.1 (108.2) 0.643

2 (10.0%) 2 (14.2%) 1.000
3 (15.0%) 0 (0%) 0.251
6 (25.0%) 5 (28.6%) 1.000

2 (10.0%) 4 (28.7%) 0.202
0 (0.0%) 2 (14.3%) 0.162
3 (15.0%) 0 (0.0%) 0.251
2 (10.0%) 0 (0.0%) 0.501
2 (10.0%) 1 (7.1%) 1.000
2 (10.0%) 1 (7.1%) 1.000
1 (5.0%) 0 (0.0%) 1.000

TPA for Occluded Arteries; SD, standard deviation; VIS, vasoactive-inotropic



Table 4. Univariate regression predictors of in-hospital mortality
among Impella CP cardiogenic shock patients

Variable
Unadjusted
OR (range) P value

Age (per 10 y) 0.99 (0.57-1.72) 0.972
Male 0.60 (0.14-2.66) 0.502
BMI 1.02 (0.91-1.15) 0.722
Current smoking 1.63 (0.41-6.46) 0.487
Hypertension 4.20 (0.98-17.9) 0.053
Diabetes mellitus 3.00 (0.70-12.9) 0.139
Prior CAD 1.50 (0.19-12.1) 0.704
Prior PCI/CABG 1.46 (0.08-25.5) 0.795
Cardiac arrest 1.03 (0.25-4.30) 0.966
STEMI 0.32 (0.06-1.64) 0.171
GCS 0.99 (0.86-1.14) 0.932
Mechanical ventilation 1.80 (0.44-7.31) 0.411
Initial HR 1.00 (0.98-1.03) 0.703
Initial MAP 0.97 (0.94-1.01) 0.121
LVEDP 1.04 (0.96-1.12) 0.364
Haemoglobin (g/L) 1.01 (0.97-1.04) 0.704
Creatinine (mmol/L) 1.02 (1.00-1.04) 0.053
Lactate (mmol/L) 1.29 (0.99-1.67) 0.058
Troponin (ng/L) 1.00 (1.00-1.00) 0.302
pH (per 0.1) 0.52 (0.30-0.92) 0.025
Initial bilirubin 0.95 (0.86-1.05) 0.328
Initial ALT 1.00 (1.00-1.00) 0.443
Initial INR 1.94 (0.25-15.2) 0.530
Initial LVEF < 20% 2.48 (0.61-10.1) 0.205
Initial vasoactive drugs (per 10 points) 1.55 (1.01-2.36) 0.043
GRACE score (per 10 points) 1.00 (0.84-1.19) 0.986
Door to balloon time (per 10 min) 1.00 (0.99-1.01) 0.969
PCI performed 0.92 (0.17-4.93) 0.919
Symptom to Impella time (per h) 1.01 (0.99-1.02) 0.476
SCAI stage D/E vs A/B/C 13.0 (1.4-119.0) 0.023

ALT, alanine transferase; BMI, body mass index; CABG, coronary artery
bypass grafting; CAD, coronary artery disease; GCS, Glasgow coma scale;
GRACE, Global Registry for Acute Coronary Events; HR, heart rate; INR,
International Normalized Ratio; LVEDP, left ventricular end diastolic pres-
sure; LVEF, left ventricular ejection fraction; MAP, mean arterial pressure;
OR, odds ratio; PCI, percutaneous coronary intervention; SCAI, Society for
Cardiovascular Angiography and Intervention; STEMI, ST-segment elevation
myocardial infarction.
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initial lactate >5 mmol/L had poor outcomes despite Impella
CP implantation. Notably, zero patients classified as SCAI
stage E survived, and exclusion of these cases yields a survival
rate of 67%. It is unclear whether VA-ECMO, which can
provide full haemodynamic support, represents a viable MCS
strategy among such patients.24 SCAI stage C or D patients
may benefit from Impella CP, with implementation of best
practices to further improve outcomes in this group. Patients
classified as SCAI A or B may benefit from a trial of medical
therapy rather than early MCS.

Survival to hospital discharge among our cohort was
comparable with survival in contemporary studies of Impella-
supported patients with CS in different parts of the world.22,25

Improved outcomes have been reported by several institutions
after implementation of PVAD CS protocols.14,24 These
protocols, informed by observational data, emphasize 3 key
strategies: (1) minimizing time to MCS, (2) active weaning of
vasoactive medications, and (3) use of routine invasive hae-
modynamic measurements to guide therapy. In particular,
minimizing the door-to-MCS time has emerged as a potential
strategy to improve outcomes in AMICS. For example, Basir
et al. reported progressively lower survival when MCS was
delayed; patients with MCS within 1.5 hours had 66% sur-
vival compared with 26% survival when MCS was delayed to
4.25 hours. The Detroit Cardiogenic Shock Initiative ach-
ieved the door-to-MCS time of 1.38 hours and survival to
hospital discharge of 75%.13 In the ongoing National
Cardiogenic Shock Initiative, a door-to-MCS target of 90
minutes or less has been established as a treatment target.24 In
our experience, Impella CP support was often reserved as a
bail-out therapy and delayed MCS was common with the
mean door-to-support of 12.8 hours. A majority of patients in
our cohort were treated before the advent of the recent CS
protocols, and these strategies were not routinely imple-
mented at our centre. A significant factor in the delay to
Impella CP in our cohort was initial support with IABP
(44%) or initial medical therapy (9%). In addition, patient
transport contributed to delayed MCS, as 11 patients came
from communities over 190 km away. Notably, we observed a
trend towards shorter door-to-support over time, potentially
reflecting the influence of the recent CS protocols on local
practice.

It is important to note that CS protocols advocating early,
routine MCS have not yet been evaluated through random-
ized controlled trials. Wider MCS deployment in CS could
lead to apparent improved outcomes due to treatment of
patients with lower disease severity. For example, patients in
our CICU who met CS screening criteria had mortality of
only 17%. The outcomes reported in recent observational
studies may be subject to confounding, and a randomized trial
evaluating early MCS in CS is ongoing.26

Several other important observations deserve particular
attention. Active weaning of vasoactive drugs was not stipu-
lated at our centre, but we noted a trend towards a reduction
in vasoactive drugs among survivors vs escalating doses among
nonsurvivors. Vasoactive medications may be harmful in CS,
and observational data suggest improved outcomes with fewer
vasoactive agents in patients with CS.25,27 Pulmonary artery
catheters were implanted in fewer than half of patients in our
cohort (44%). Invasive haemodynamic monitoring in patients
with CS who receive MCS may be associated with improved
outcomes.16

Significant vascular access site bleeding was the most
frequent adverse event in our cohort. Recently, observational
data suggested a signal of possible harm comparing Impella
with IABP and an associated signal of increased bleeding as a
possible mechanism.28-30 This may be related to the large bore
vascular access (14 French vs 8 French for IABP), and
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adoption of routine ultrasound guidance may reduce access
complications.31,32 An Impella arteriotomy preclosure tech-
nique has also been described.33 In addition, these patients
were critically ill with multiple metabolic derangements,
including hepatic dysfunction, which can contribute to coa-
gulopathy. Moreover, patients frequently had chest trauma
from cardiopulmonary resuscitation, were exposed to multiple
antithrombotic agents, and may develop acquired Von Wil-
lebrand syndrome due to high blood shear forces caused by
Impella CP.33,34 Reducing bleeding complications represents
a major goal towards achieving successful outcomes.

This study is limited by its retrospective design and small
numbers, but the trends observed are still informative.
Although all PVADs were implanted in accordance with a
local protocol, the device implantation was inherently subject
to treatment bias, which may have overestimated the treat-
ment effect. We did not include a matched comparison group,
such as patients with AMICS supported with IABP. Finding
appropriate matched IABP controls for our cohort would be
difficult because PVAD support was reserved for higher acuity
patients at our institution and selection bias would be sig-
nificant. In addition, a small sample size precluded multivar-
iate statistical analysis.
Conclusion
In summary, we report real-world initial experiences of

MCS with Impella CP for CS at a single Canadian tertiary
care centre. Our results illustrate the ongoing need for more
discreet patient selection criteria and suggest that this may be
achieved through incorporation of the novel SCAI CS classi-
fication and serum lactate measurement. Minimizing door-to-
MCS time in these appropriately selected patients, reducing
bleeding, and avoiding implant in advanced stages of CS are
important variables to consider. Ongoing clinical evaluation is
needed as there are conflicting signals from observational
studies on adequately powered clinical trials of PVADs such as
Impella CP in CS. Canadian centres considering a PVAD
program may benefit from the development of a Canadian
randomized controlled trial or an observational study with
multicentre harmonized protocols.
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