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As interventionalists push the boundaries of
revascularization by approaching increasingly
complex coronary lesions, the use of mechanical
circulatory support (MCS) devices has evolved from
being a last resort to a fundamental component of the
treatment algorithm. This brings us to the pivotal
clinical question: how do we optimally select the right
device for the right patient at the right time to reduce
the high mortality rate in these cohorts? This article
is an overview of MCS devices and presents a
simplified analysis and algorithm for complex, High-
risk interventions (CHIP) and cardiogenic shock.

A Brief Look into MCS Devices

The rationale for deploying temporary MCS devices in
high-risk PCI and cardiogenic shock is clear. They
function by unloading the ventricles, improving
systemic perfusion and providing the hemodynamic
stability necessary to achieve complete
revascularization. They are typically categorized based
on the ventricles requiring assistance: Left Ventricular
(LV) assist devices (eg, Intra-Aortic Balloon Pump
[IABP], Impella CP/5.5, TandemHeart), Right
Ventricular (RV) assist devices (eg, Impella RP,
ProtekDuo), or Biventricular devices (eg, Venoarterial
extracorporeal membrane oxygenation [VA-ECMO]).
The table below gives an overview of the various MCS
devices currently being used.

Determinants of MCS in CHIP

Although different operators follow different approaches
to the use of MCS, this figure briefly states the clinical,
hemodynamic and technical determinants that
mandate the use of MCS. Older age (75 years), frailty,
chronic kidney disease (CKD), acute coronary

syndrome (ACS), and surgical turndown are some of
the clinical determinants, whereas severe aortic
stenosis, severe mitral regurgitation, systolic

dysfunction (LVEF,35%), and cardiac index < 2 L/m/
m^2 with LVEDP> 5 mmHg are the hemodynamic
determinants. Technically complex procedures like
multivessel PCI, PCI of the last remaining vessel,

atherectomy for high calcium burden (possible slow
or no-reflow) and retrograde CTO PCI through the last
remaining vessel should be supported by MCS devices.

The Evolution of MCS and the Evidence

Paradox

The first-generation MCS devices include the Intra-

Aortic Balloon Pump (IABP), which offers a modest
increase in cardiac output, but its routine use in Acute
Myocardial Infarction (AMI) complicated by
cardiogenic shock (AMI-CS) was not shown to reduce
30-day mortality in the landmark IABP-SHOCK II trial.
This accelerated the transition toward utilizing higher-
powered percutaneous ventricular assist devices

(pVADs), notably the Impella micro axial flow pump.

A clinical paradox characterized the evidence for these
advanced devices. While observational studies and
meta-analysis have suggested that pVADs (like
Impella) may be associated with lower early mortality

and reduced risk of post-procedural cardiogenic shock
compared to IABP, concurrent large-scale registry data
that compared Impella to IABP in the setting of AMI-
CS reported a higher in-hospital mortality rate and
major bleeding for Impella. This disparity could,
however, be attributed to selection bias, the more

critically ill patients being selected for higher-level
support devices, skewing the outcomes.

From Evidence to Algorithm: Future Directions

in Optimizing Care

The DanGer Shock Trial represents the most recent
and rigorous evidence to have entered this debate.
This randomized trial, which compared micro-axial left

MCS in CHIP Procedures- The New Hemodynamic Paradigm

Afzalur Rahman, Farah Naz Huq

1. Senior Consultant, Continental Hospital PLC, Dhaka, Bangladesh

2. Specialist Cardiologist, Continental Hospital PLC, Dhaka, Bangladesh

Address of Correspondence: Prof. Afzalur Rahman, Senior Consultant, Department of Cardiology, Continental Hospital PLC,

Plot 15, Rd No 71, Gulshan-2, Dhaka-1212, Bangladesh. Email- afzalur.bit@gmail.com

 J Inv Clin Cardiol 2024; 6(2):  31-34



       J
IC

C
      V

o
l. 6

,        N
o

. 2
,        J

u
ly

   2
0
2
4

32Table-I

Determinants of MCS in CHIP

 IABP Impella CP  

and 5.5 

TandemHeart Impella RP ProtekDuo VA-ECMO 

Mechanism of 
Action 

Balloon inflation-
deflation 

Continuous 
axial flow  
(LV to aorta) 

Continuous 
centrifugal flow 
 (LA to aorta) 

Continuous 
axial flow 
(RV to PA) 

Continuous 
centrifugal flow 
(RA to PA) 

Continuous 
centrifugal flow 

Cardiac 
Output 
Augmentation 
(L/min) 

0.5–1 2.5–5.5 4 2.5–5.5 4–5 Up to 7 

Access Femoral or Axillary 
artery 

Femoral or 
Axillary artery 

Femoral or 
Axillary vein 

Femoral vein Right IJV Femoral artery 
and Femoral 
vein 

Cannula Size 7–8 F arterial 13–21 F arterial 12–19 F 
arterial; 21 F 
venous 

11 F venous 29 F venous 14–19 F 
arterial; 17–21 
F venous 

Advantages 
and Special 
Uses 

Simple cannulation; 
< 8 F arterial access; 
Low 
bleeding/vascular 
complications; 
Effective in mitral 
regurgitation 

Simple 
cannulation; 
Direct LV 
unloading; 
Physiologic 
antegrade flow 

Direct LA 
unloading; 
Indirect LV 
unloading 

Physiologic 
flow; Indirect 
RV unloading 

IJV access; 
Allows 
ambulation 

Simple 
cannulation; 
Biventricular 
support; 
Oxygenation 
support 

Drawbacks 
and Contra-
indications 

Requires stable 
cardiac 
rhythm/native heart 
function; Limited 
support; 
Contraindicated in 
aortic regurgitation 
and dissection 

Contraindicated 
with mechanical 
aortic valve or 
LV thrombus 

Transseptal 
access requires 
expertise; 
Nonphysiologic 
retrograde flow 

RV 
dysfunction 
and vascular 
complication 
if placed 
incorrectly 

Safety/efficacy 
limited to 
retrospective 
reviews; High 
flow can cause 
LV distension 
and pulmonary 
edema 

Nonphysiologic 
retrograde flow; 
High bleeding 
and vascular 
complication 
rates 

Source: Khalil M, Mohammed HA, Cilia L, Alaswad K, Megaly M. Mechanical Circulatory Support Use in Cardiogenic Shock and
Complex PCI. Cardiac Interventions Today. 2024;18(1):40–4.

Table-II

Determinants of MCS in CHIP

Source: Khalil M, Mohammed HA, Cilia L, Alaswad K, Megaly M. Mechanical Circulatory Support Use in Cardiogenic Shock and
Complex PCI. Cardiac Interventions Today. 2024;18(1):40–4.

 Specific Determinants 

High-Risk Patient:  Clinical Older age (>75 years)  
Frailty  
Chronic kidney disease  
Presentation with acute coronary syndrome 
Surgical turndown 

Hemodynamics & Cardiac 
Function  

Structural/Valvular 
Severe aortic stenosis  
Severe mitral regurgitation 

Functional Metrics 

Systolic dysfunction (LVEF <35%)  
Cardiac index < 2L/m/m

2
  

LVEDP > 15mmHg 

Technically Complex 
Procedure 

Lesion/Vessel Profile Multivessel PCI  
PCI of the last remaining vessel  
High calcium burden requiring atherectomy (risk of 
slow/no-reflow) 

Technical Approach Retrograde CTO PCI through the last remaining vessel 
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33ventricular assist device (Impella CP) plus standard
care versus standard care alone in AMI-CS patients,
reported a statistically significant improvement in the

primary endpoint of 180-day mortality in the MCS
group. The trial also found that the MCS group
experienced a substantially higher rate of
complications.

The DanGer Shock Trial thus suggests that
hemodynamic unloading and circulatory support can

positively influence long-term survival when initiated
early, but this should be balanced by meticulous
procedural care to reduce access-related and bleeding
risks.

The core takeaway message is therefore clear: the
success of MCS relies not merely on the advanced

technology, but on its strategic application by a skilled
team. To avoid the progression into a full-blown,
irreversible crisis, the focus has shifted to early
intervention, and the prevailing paradigm now
stipulates a three-pillar strategic approach:

1. Standardized Risk Stratification- The SCAI Shock

classification (stages A through E) allows

clinicians to categorize shock severity early,

facilitating timely initiation of MCS needed for

improved outcomes.

2. Invasive Hemodynamic Monitoring- The use of

Right Heart Catheterization can accurately

characterize the hemodynamic profile and thereby

lead to proper diagnosis, device selection and

better prognosis.

3. The Multidisciplinary Heart/Shock Team- An

approach through a multidisciplinary shock team

with specialised expertise using combined

escalation strategies (eg, combining VA-ECMO

and Impella in ECPELLA for biventricular support)

can ensure optimal patient safety and outcome

consistency.

In conclusion

MCS devices are indispensable tools for managing
critical patients with Cardiogenic shock and complex
PCI, a fact supported by the latest randomized trials.
Their regular use is, however, debatable since the
outcome benefits can be outweighed by the risks of

procedural harm and complications unless supported
by early detection, hemodynamic assessment, and
a standardized protocol-driven approach through a
dedicated multidisciplinary Heart/Shock Team.
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