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In-hospital Mortality Risks* Long-Term Mortality Risks*

Surgical 
Ineligibility 6-7x

increase in mortality2,3

Chronic Kidney 
Disease 2-3x

increase in mortality5

15%
increase in mortality4

Impaired LV 
(<50% EF)

Incomplete 
Revascularization 3x

increase in 5-year mortality1

Severe 
Calcification 72%

increase in 5-year mortality6

increase in 1-year mortality7Valvular Heart 
Disease
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Clinical Settings for 
Percutaneous Hemodynamic Support

Emergent
Support

Cardiogenic 
Shock

Prophylactic 
Support
High-risk

PCI

Prophylactic 
Setting 

• Maintain BP and CO 
during high-risk 
procedure to 
maximize CBF to 
other myocardial 
regions and blood 
flow to the body

Emergent 
Setting 

• Normalize CO, BP, 
Cardiac Power 
Output (CPO= MAP 
x CO) 

• Decrease PCWP 
• Decrease 

myocardial work and 
oxygen consumption 

• Minimize myocardial 
damage and 
optimize recovery



Mechanical circulatory support devices

Pulsatile flow Continuous flow pumps

Axial flow Centrifugal flow

Intracorporeal Extracorporeal

Atkinson TM, et al. JACC Cardiovasc Interv 2016;9:871-83 



Hemodynamic principles of Impella

Atkinson TM, et al. JACC Cardiovasc Interv 2016;9:871-83 

EDV, EDP

Inflow 
(ventricle)

Outflow 
(aortic root)

aortic 
valve

 MAP      Flow

Hemodynamic 
Support

Ventricular Unloading to 
Recovery

↓ LV wall tension

↓ microvascular resistance

↑ coronary flow



IABP versus Impella: PROTECT II trial

IMPELLA 2.5 + 
PCI

IABP +  
PCI

Primary Endpoint = 30-day Composite MAE* rate 

1:1
R

Patients Requiring Prophylactic Hemodynamic Support   
During Non-Emergent High Risk PCI on  

Unprotected LM/Last Patent Conduit and LVEF≤35% OR  
3 Vessel Disease and LVEF≤30%

Follow-up of the Composite MAE* rate at 90 days 

*Major Adverse Events (MAE) : 
Death, Stroke/TIA, MI (>3xULN CK-MB or Troponin), Repeat Revasc, Cardiac or Vascular Operation of Vasc. Operation for 
limb ischemia, Acute Renal Dysfunction, Increase in Aortic insufficiency, Severe Hypotension, CPR/VT, Angio Failure

O’Neill WW, et al. Circulation 2012;126:1717-27



IABP versus Impella: PROTECT II trial

O’Neill WW, et al. Circulation 2012;126:1717-27

p=0.090

N=215N=211

↓ 21% MAE

p=0.023

N=213N=210

30 days 90 daysLog-rank test, p=0.048

42%

34%

51%

40%



Impella Evidence Pathway for protected PCI



2024 ESC guidelines for the management of CCS



Impact of revascularization (PCI) 
In REVIVED-BCIS trial

Perera D, et al. N Engl J Med 2022;387:1351-1360

PCI + OMT OMT1:1

700 
Patients with  
ISCHEMIC LV DYSF (EF< 35%) 
BCIS JS ≥6 
Myocardial viability in ≥ 4 
segments

RANDOMIZED

MULTICENTER, RANDOMIZED, OPEN-LABEL TRIAL

Death or hospitalization for HF



Complete versus incomplete  
revascularization in REVIVED-BCIS trial

Perera D, et al. N Engl J Med 2022;387:1351-1360

MCS used in only 3% 
of patients 
randomized to PCI



Myocardium viability and outcomes 
 in REVIVED-BCIS trial

Perera D, et al. JAMA Cardiol 2023;8;(12):1154-1161



Viability, completeness of revascularization 
 and outcomes in REVIVED-BCIS trial



Extent of revascularization and outcome  
in Impella-supported interventions

Dhruva SS, et al. JAMA Netw Open. 2021;4:e2037748



Patient-specific coronary tree-based  
to define jeopardized but viable myocadium

Abdaem J, et al. JACC Cardiovasc Imaging 2026; 19:463-474

Map coronary jeopardy to 
viable territories:  
The key is not global viability 
or global CAD burden, but 
whether significant viable 
myocardium is supplied by 
vessels with critical stenoses 
amenable to PCI



Clinical case



A clinical case…



Baseline OCT (selected frames)



Lesion preparation

NC 3.0x12 
mm

Shockwave 
3.5x12 mm

OPN 2.5x10 mm 
(30 atm)

OPN 2.5x10 
(40 atm)



Cracking after IV (multiple fractures)



Final result



Final result



LV function recovery after  
protected PCI with Impella

Lombardi M, et al. J Cardiovasc Med 2025;26:575-581

Meta-analysis 
9 studies 

2370 patients



LV function recovery after  
protected PCI with Impella

Lombardi M, et al. J Cardiovasc Med 2025;26:575-581

CHIP-PCI assisted by Impella associated with significant increase in LVEF at follow-up (median, 154 days)  
(MD, +6.70%; 95% confidence interval, 4.49 to 8.91, P = 0.0001).



CHIP-BCIS3 trial

Perera D, et al. N Engl J Med. 2026 Mar 29. doi: 10.1056/NEJMoa2515704

LV unloading with 
Impella CP Standard care1:1

300 
Patients with severe LV dysfunction 

and extensive CAD undergoing 
complex PCI

RANDOMIZED

MULTICENTER, RANDOMIZED, OPEN-LABEL TRIAL

PRIMARY ENDPOINT: hierarchical composite including all-cause 
death, disabling stroke, spontaneous MI, CV hospitalizations for 
CV causes, or periprocedural MI at a minimum of 12 months  



CHIP-BCIS3 trial

Perera D, et al. N Engl J Med. 2026 Mar 29. doi: 10.1056/NEJMoa2515704

Advanced/decompensated heart failure, low-reserve biology 
• NT-proBNP subgroup split at 3545 pg/mL.  
• LVEF 27% 
• Elevated Pre-PCI hs-troponin: 5× ULN with mAFP vs 13× ULN with standard care,  

biasing biomarker-defined PPMI (rise in hs-troponin by ≥20% or 5× ULN after PCI) 
• Risk is likely driven substantially by HF physiology, not anatomy alone. 

Urgent / ACS-heavy case mix 
• Urgent PCI: 72.3% with mAFP and 79.6% with standard care. 
• Within urgent cases, myocardial infarction and acute/worsening HF were common. 
• This is not a typical elective HRPCI cohort. 

High-risk ≠ right-risk: Unclear Heart Team or CABG-ineligibility criterion. 
• SYNTAX: 38, BCIS-JS: 12 
• Low prior CABG: 7.4% in the mAFP arm and 3.3% in standard care. 
• Very high event risk ≠ right-risk phenotype for prognostic PCI benefit. 

Urgent NSTEMI, ADHF, Heterogenous Phenotype

Urgent PCI

72–80%
CCS 0

23%
NT-proBNP split

3545
pg/mL

Different from prior HR-PCI Studies

Study Population Results

PROTECT 
II

Non-emergent HR-PCI 
requiring Impella vs IABP

Impella better 
at 90 day

PROTECT 
III

Non-emergent Impella HR-
PCI, contemporary cohort

Modern 
outcomes 
superior

RESTORE 
EF

Non-emergent Impella HR-
PCI, EF recovery study

EF and 
Symptom 
Improvements

IABP- 
BCIS1 Elective HR-PCI; EF ≤30% Neutral

REVIVED-
BCIS2

PCI vs OMT in stable 
ischemic LV dysfunction Neutral

CHIP-
BCIS3

urgent + HF-enriched 
+ heterogeneous Neutral



CHIP-BCIS3 trial

Perera D, et al. N Engl J Med. 2026 Mar 29. doi: 10.1056/NEJMoa2515704



CHIP-BCIS3 trial

Perera D, et al. N Engl J Med. 2026 Mar 29. doi: 10.1056/NEJMoa2515704



CHIP-BCIS3 trial

Perera D, et al. N Engl J Med. 2026 Mar 29. doi: 10.1056/NEJMoa2515704

WR 0.85
Excluding PPMI

WR 0.92
95% CI 0.65–1.32;  

win diff. −2.5 pct points

Flatter

TTFE composite including PPMI

79.3% vs 73.6%
111/140 vs 100/139;  
HR 1.24 (0.94–1.62)

Excluding PPMI

45.3% vs 45.4%
64/148 vs 65/152;  

HR 1.06 (0.75–1.49)

Flatter

HR = 1.06 (95% CI 0.75 to 1.49)

*	Higher Pre-PCI hs-troponin in standard care (13× ULN vs  5× ULN) complicates interpretation of PPMI defined as 
rise in hs-troponin by ≥20% or 5× ULN after PCI in favor of the standard care.



CHIP-BCIS3 trial

Perera D, et al. N Engl J Med. 2026 Mar 29. doi: 10.1056/NEJMoa2515704



CHIP-BCIS3 trial: subgroup analysis

Perera D, et al. N Engl J Med. 2026 Mar 29. doi: 10.1056/NEJMoa2515704



PROTECT III: Hemodynamic stability provides a window for  
higher quality intervention – not simply more interventions

Basir et al. Loss of Pulse Pressure during HR-PCI. JCF 2024. DOI: 10.1016/j.cardfail.2024.07.016 

Loss of Pulse Pressure (LOPP) is a physiologic 
warning sign of residual myocardial vulnerability 

despite Impella support.

PROTECT III Sub Study: LOPP vs No LOPP

49% 
experienced 

LOPP

90-day 
MACCE 

23.5% vs 
8.8%

90-day 
mortality 

20.2% vs 7.9%

LOPP patients should be identified as ultra-high-risk patients, 
warranting consideration of:
• Right heart catheterization (if not already performed)
• Limiting or ceasing further revascularization 
• Support beyond the lab with CICU admission 
• Consultation and close long-term follow-up with advanced HF 

specialists to optimize GDMT and other therapies.

LOPP provides a mechanistic reason to pace revascularization in 
low-reserve patients, even when support is present.

5.47 ≤ LOPP 
events/hr

44.4%

15.6%15.6%
21.4%

90-Day MACCE by 
LOPP events/hour

p=0.031

p=0.003

90-Day MACCE by 
LOPP and SBP drop

2.05≤LOPP<5.47 
events/hr

0.82≤LOPP<2.05  
events/hr

0.18≤LOPP<0.82 
events/hr

LOPP  
with SBP Drop

LOPP  
w/o SBP Drop

Normal Pulse 
Pressure

26.4%

8.8%
14.3%



PROTECT IV trial

Hypothesis: By providing effective hemodynamic support in high-risk patients with complex CAD and reduced left ventricular 
function, PCI with Impella will be safer and will facilitate higher rates of optimal and complete revascularization, which will lead to 

improved long-term event-free survival, quality of life and functional outcomes
Primary Endpoint: The composite of all-cause death, stroke, durable LVAD implant or 

heart transplant, MI or hospitalization for cardiovascular (CV) causes

Major Sub-Studies: Right heart catheterization, renal function, viability (CMR at baseline and 6 months)

CCS, NSTEMI or STEMI ≥24 hours with 
LVEF≤40%* undergoing complex PCI 
(N=1252)

PCI of distal LM bifurcation 
MV-PCI w/3VD 
Last remaining vessel 
2V-PCI of complex lesions 
1V-PCI of complex lesion + non-treated 
CTO, OR 
1V-PCI of complex lesion (in non-infarct 
vessel) post-STEMI  

*if STEMI, LVEF ≤ 30%
Indicated for PCI by heart team 1,000 pt PROTECT IV Registry

Impella-Supported PCI 
(N=626)

Non-Impella Supported PCI 
(N=626, with or without IABP)

Follow-up at 1, 6, 12, 24 and 36 months 
Baseline and serial echo, KCCQ, 6MWD, biomarkers and more

R



Impella in AMI complicated by CS: 
DanGer Shock trial

Møller JE, et al. N Engl J Med 2024;390:1382-1393

Impella CP Guideline-directed 
therapy only1:1

355 
Patients with AMI-related 
CARDIOGENIC SHOCK

RANDOMIZED

MULTICENTER, RANDOMIZED, OPEN-LABEL TRIAL

Baseline characteristics: 

• Median lactate levels: 4.6 mmol/l 
• Median LVEF: 25% 
• RV failure, OHCA, comatous pts: excluded 
• SCAI class: C (classic) 55%, D (deteriorating) 28% and E 

(extremis) 16%. 

• Primary EP: All-cause death at 180 days 



Impella in AMI complicated by CS: 
DanGer Shock trial

Møller JE, et al. N Engl J Med 2024;390:1382-1393

ALL-CAUSE DEATH
COMPOSITE SECONDARY EP: escalation of treatment 

to additional MCS, heart transplantation, or death. 

RRR 26%

59%

46%



Impella in AMI complicated by CS: 
DanGer Shock trial – 10 year follow-up

Møller JE, et al. N Engl J Med 2025;393:1037-1038

RRR 30%



CONTINUOUS SAFETY IMPROVEMENT OVER TIME IN HR-PCI

20

10

0

5

15

2008

Major Bleeding

14.6%

%

1.3%

8.2%

11.9%

2009

4.7%

7.4%

2010

5.7%

2011-2012

2.8% 2.7%

2005-2014 2019-2021 2017-2020

1.8%2.5%

PROTECT II RCT FDA PMA Data USpella 
FDA PMA 

Data

NIS RESTORE 
EF

PROTECT III

IABP Impella



Rates and impact of vascular  
complications in MCS

Lemor A, et al. Catheter Cardiovasc Interv 2022; 99:1702-1711 

221,700 
Patients requiring MCS 

(17% elective admission) 
including 

AMI 
Acute HF 

VHD 
Cardiac arrest 

Ventricular arrhythmias 
Cardiomyopathy

 n=150,805  n=50,605  n=7,525  n=12,765



Rates and impact of vascular  
complications in MCS

Adapted from Lemor A, et al. Catheter Cardiovasc Interv 2022; 99:1702-1711 
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35.9%

20.9%
26.2%

16.3%

33.8%

24.3%

56.3% 52.9% 54.0%
46.8%

 p<0.001  p<0.001  p<0.001  p=0.26  p=0.04



Rates and impact of vascular  
complications in MCS

Lemor A, et al. Catheter Cardiovasc Interv 2022; 99:1702-1711 

Total hospital costs



Optimal vascular access and closure 

Vergallo R, Porto I, et al. Submitted



VASCULAR ACCESS PRE-CLOSURE
CLINICAL 

SCENARIO #1



Angio + US guided puncture                    
 2 ProStyle pre-implantated  

Chavarria J, et al. Rev Esp Cardiol 2022; 75:605-606



Advantages of pre-closure
❖ Careful pre-procedural work-up: 
assess and prepare femoral access 
site  imaging (CTA, angiography, 
US) and imaging-guided access. 

❖ Ready for access closure after 
Impella and 14Fr sheath removal 
(with or without balloon-assisted 
hemostasis)  minimize bleeding. 

Hemostasis with 2 pre-implanted ProStyles and final angio result



Balloon-assisted hemostasis
From ipsilateral access (through the Impella 14 Fr sheath)



Antegrade angiographic control

Burzotta F, et al. Health Sci Rep 2022;5(4):e709

Antegrade angiographic control using a JR4 4Fr over a 0.035" guidewire  
after single access Impella protected PCI 



Advantages of preclosure
❖ Careful pre-procedural work-up: assess and 
prepare femoral access site  imaging (CTA, 
angiography, US) and imaging-guided access. 

❖ Ready for access closure after Impella and 
14Fr sheath removal (with or without balloon-
assisted hemostasis)  minimize bleeding. 

❖ Allows to tighten the ProStyle sutures over 
the 9-Fr repositioning sheath, once the 14-Fr 
peel-away sheath has been removed  
prevent bleeding around Impella sheath  



Management of bleeding through  
repositioning 9-Fr Impella sheath

Peel-away sheath 
14 Fr

Repositioning sheath 
Tapered 9-13 Fr

Sinning JM, et al. Eur Heart J Suppl 2022; 24: J37–J42



Prevention of bleeding through  
repositioning 9-Fr Impella sheath

Saleem D, et al. JSCAI 2022; DOI:https://doi.org/10.1016/j.jscai.2022.100447

Preclose Cinching “C-Stitch” to Aid 
Hemostasis After Impella Insertion



Prevention of bleeding through  
repositioning 9-Fr Impella sheath



Prevention of bleeding through the  
repositioning 9-Fr Impella sheath

Van Edom CJ, et al. JACC Cardiovasc Interv 2023 Jul 24;16:1707-1720



Potential drawbacks associated to  
(not due to) pre-closure

❖ Accidental removal of suture 
outside of the cathlab  be ready to 
manage it with postclosure. 

❖ Loss of sterility of sutures and 
potential source of infection. 



VASCULAR ACCESS POST-CLOSURE
CLINICAL 

SCENARIO #2



Clinical presentation
❖ 79 y.o. woman  
❖ Prior PCI to LAD-D1 
❖ Presentation with antero-lateral STEMI, PA 90/50 mmHg, Lac 2.9



Coronary angiography



PCI

Thrombus aspiration POBA with 3.0 - 3.5 mm NC balloons

Good final angiographic result   patient sent to ICU with Impella 



2 days later: Impella removal and post-closure 

US-guided puncture of right CFA 
6F sheath insertion  

• IM 6F guiding catheter 
• 0.018” stiff wire 
• Peripheral balloon (1:1 ext iliac a.) 
• 8-Fr sheath 
• Two 0.035” wires 
• Two ProStyles



Impella removal and post-closure

Cross-over with IM 6F 0.018” wire in SFA



Impella removal and post-closure

0.035” wire insertion 
through the side port



Impella removal and post-closure

Impella removal

Balloon deflation and Impella removal



Impella removal and post-closure
1

2

3

8-F sheath and  
0.035” wire #2 insertion 

ProStyle #1 insertion 



Impella removal and post-closure

ProStyle #2 insertion Suture #1 tightened  
over 8-F sheath

Sutures tightened  
and access closure



Impella removal and post-closure
Angio control through the balloon



Facilitated post-closure of large bore access



Post-closure with Manta



Optimal vascular access and closure 



Closing remarks

rocco.vergallo@unige.it; rocco.vergallo@hsanmartino.it

❖ Impella use in high-risk PCI should be selective, not routine. 

❖ Protected PCI in patients where extensive/complete revascularization is the goal 
and would otherwise be limited by hemodynamic instability (PROTECT II 
subanalysis and R-IMPIT registry) – this does not mean that all lesions should 
be treated during index procedure. Aim at higher quality intervention, not simply 
more interventions. 

❖ PROTECT IV will provide the most robust data to define which subgroup of 
patients undergoing high-risk PCI truly benefit from MCS. 

❖ Contemporary CHIP-PCI is an integrated strategy-based care spanning patient 
selection, optimization, physiology, revascularization decision, access 
management, recovery and HF management (GDMT, ICD, etc.) 

mailto:rocco.vergallo@unige.it


Thank you

rocco.vergallo@unige.it; rocco.vergallo@hsanmartino.it
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