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Heart failure (HF) and chronic kidney disease (CKD) have increasing incidence and
prevalence owing in part to the aging population and increasing rates of hypertension,
diabetes, and other cardiovascular and kidney disease risk factors. HF and CKD often coexist

House A.A. Am J Kidney Disease 2017

HEART FAILURE AND RENAL FAILURE
THE SIZE OF THE PROBLEM

Prevalence of HF in CKD vs non-CKD patients (age > 66yo) Prevalence of CKD in HF patients

Shiba N, J Cardiol 2010



THE CARDIORENAL SYNDROME

“A complex pathophysiologic disorder
of the heart and kidneys whereby
acute or chronic dysfunction in one
organ may induce acute or chronic
dysfunction in the other organ”

Acute 
Kidney 
Injury

Acute
Heart

Disease

TYPE 1

Progressive
Kidney
Injury

Chronic 
Heart

Disease

TYPE 2

Acute
Heart 

Disease

Acute
Kidney
Injury

TYPE 3

Progressive
Heart

Disease

Chronic
Kidney
Disease

TYPE 4

combined cardiac and renal dysfunction due to 
acute or chronic systemic disorders 

TYPE 5

Definition of CRS



The presence of one condition has a strong influence on the other, leading to greater risks
for hospitalization, morbidity, and death, as well as very high health care costs.

HEART FAILURE AND RENAL FAILURE
THE SIZE OF THE PROBLEM

McAlistar FA, Circ 2004

CKD is a powerful independent prognostic factor in HF HF is a powerful indipendent prognostic factor in CKD

Am J Kidney Disease 2003, 2008

The mortality rate after HF was 83% at 3 years



CLINICAL CASE

89 yo Male admitted for ADHF
Complicated by AKI 
Massive degenerative MR 
Flail of posterior leaflet

HEART TEAM decision:

PMVR with MitraClip



DEVELOPMENT OF WORSENING RENAL 
FUNCTION DURING ADHF 



CLINICAL CASE
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Wang et al. Circ Cardiovasc Int 2015

EFFECT OF PMVR ON RENAL FUNCTION

Reduction in MR severity by the MitraClip device is associated with improvement
in renal function at 1 year in patients with baseline renal dysfunction.



DIFFERENT CAUSES FOR RENAL FUNCTION 
DETERIORATION IN ’’CATH-LAB PATIENTS’’

- LOW CARDIAC OUTPUT

- PRE-EXISTING CKD

- DRUGS

- COMORBIDITIES

- AGE

- EMBOLIC RENAL DAMAGE

CONTRAST INDUCED 
ACUTE KIDNEY INJURY

CI-AKI
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CI-AKI DEFINITION
In interventional cardiology

- An increase in serum creatinine by more than 0.3 mg/dl (26.5 µmol/l) or 
1.5–1.9 times baseline 

- Within 48 hours of the intravascular administration of contrast medium
- Urine output < 0,5ml/Kg/h for 6-12 h
- No alternative aetiology Current KDIGO 2012

- An increase in serum creatinine by more than 0.5 mg/dl (44 µmol/l) or 
25% relative increase

- Within 72 hours of the intravascular administration of contrast medium
Old definition

- An increase in novel biomarkers (NGAL…CyC…Cyr 61… IL18…)
- Within few hours of the intravascular administration of contrast medium

Future definition? 
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CI-AKI IN DIFFERENT PROCEDURES 

PROCEDURE PCI PPCI CTO TAVI TEVAR EVAR PERIPH PLAAO

INCIDENCE
CI-AKI

3.3-10.2% 10.5%-18.3% 9.4% 22% 14% 7%
3-11% 
periph

34% carotid
9%

CLINICAL
RELEVANCE

Increased risk
of death
(9.5% at 1Y) 
and MI (24% 
at 1y)

Increased risk
of death
27.4% at 1 y
Adjusted OR 
2.8

In hospital 
Increased risk
of death
(2.1% 
p=0,001) 
major 
bleeding (2.1 
p=0,02) 
vascular
complications
(6.2%, 
p<0,001) 

Increased
early (OR 
5.09)and 1y 
mortality (OR 
3.27), MI @ 
30 days (OR 
3.3), post 
proc dialysis
(OR 14.35), 
lifethreating
bleeding (OR 
2.9)

Major 
complications
(p=0,001), 
longer
hospitalizatio
n (p=0.008) 
higher
mortality
(29%, 
p<0,001)

Increased
hospital 
death (14.3% 
p=0.013), ICU 
stays
(p=0,029), 1y
mortality
(21.4%, 
p=0.005)

Increased risk
oh in hospital 
death (OR 
18.1), MI (OR 
16.2), TIA-
stroke (OR 
5.5%) 
bleeding with 
transfusion
(OR 7)

Mortality
23% (2 fold
increase) at 1 
y
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Mehran JACC 2004

RISK SCORE FOR CI-AKI 

HEART FAILURE

RENAL FAILURE



- Adequate hydration remains the mainstay of CIN prevention.

- High-dose statins, as indicated for secondary prevention
irrespective of the risk of CIN are also beneficial.

- All other strategies for the prevention of CIN do not have sufficient
evidence to justify a recommendation in favour or against. 

STRATEGIES TO REDUCE RISK OF CI-AKI



fluid protocol based on the left ventricular
end-diastolic pressure 

Lancet 2014

Evaluation of BIVA levels on admission in patients
with stable coronary artery disease allows
adjustment of intravascular volume expansion,
resulting in lower CI-AKI occurrence after
angiographic procedures.

JACC 2018

STRATEGIES TO REDUCE RISK OF CI-AKI
Tailored Hydration



RenalGuard REMEDIAL III
Multicenter , randomized, single-blind, phase 3, investigator-initiated
trial comparing 2 tailored-hydration regimens:
- LVEDP-guided hydration
- UFR-guided hydration

Briguori C.,  TCT 2019

The RenalGuard system (RenalGuard Solutions,
Milford, Massachusetts) is a device that allows
the maximization of intravenous hydration by
matching the infused volume to the patient’s
urine output.

STRATEGIES TO REDUCE RISK OF CI-AKI
Tailored Hydration



DyeVert Plus System

AMOUNT OF CONTRAST MEDIUM
LESS IS MORE



STRATEGIES TO REDUCE RISK OF AKI IN THE CATH LAB



IMPELLA
The Impella is a heart pump that pulls blood from the left ventricle through 
an inlet area near the tip and expels blood from the catheter into the 
ascending aorta.

• High risk PCI

• ADHF, Cardiogenic 

Shock

• Coronary artery bypass 

surgery without ECC.

INDICATIONS



IMPELLA

O’Neill W.W. et al, PROTECT II, Circulation 2012 

452 symptomatic patients with complex coronary artery disease and severely depressed left ventricular 
function randomly assigned to IABP (n226) or Impella 2.5 (n226) support during nonemergent high-risk 
percutaneous coronary intervention



IMPELLA
Male 75 yo admitted for cardiogenic shock
ECG: SR, LBBB PCI with 2 DES LM-LAD-Circ 

+ final kissing balloon
Circulatory assistance: IMPELLACaudal view

Caudal view

Right cranial view



pVAD insertion with hemodynamic improvement should improve kidney function as a 
result of the restoration of perfusion. 

However, there are only a few studies reporting the effect of pVADs on kidney function, 
and the patient numbers studied are small. 

Nevertheless, the available clinical data support pVAD as a means to reverse and prevent
renal failure in patients with marked hemodynamic compromise. 

In that kidney function is one of the most reliable predictors of outcome in the setting of 
acute heart disease, the pVAD should be chosen depending on its expected renal effects.

MECHANICAL CIRCULATORY SUPPORT



Conclusion: The incidence of AKI was
lower during HR-PCI than expected from
current risk models. Although further
exploration of this finding is warranted,
these data support a new protective
strategy against AKI during HR-PCI.

IMPELLA

CCI 2019



RCTs
LOCMs safer Neutral IOCM safer

ICON (Mehran JACC 2009) NEPHRIC (Aspelin NEJM 2013)

VALOR (Rudnik AHJ 2008) Recover (Jo JACC 2006)

CARE (Solomon Circ 2007) Nie CCI 2009

Feldkamp (Clin Nephr 2006) Song Int J Cardiol 2017

Metanalysis
LOCMs safer Neutral IOCM safer

Reed (JACC 2009) McCollough (CRM 2011)

Heinrich (Radiology 2009) Dong (JNephr 2012)

Biondi-Zoccai (IJC 2014) Mc Collough (JACC 2006)

Pandya IJC 2016

CONTRAST DYES: IOCM vs LOCMs



IOCM or LOCMs?



PATIENT
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Multiple actors are involved in 
heart and kidney outcomes in 
the cath lab

HEART AND KIDNEY OUTCOMES IN CATH-LAB

Complexity of trials
design and conduction 
on heart and kidney
outcomes 

Technology costs effectiveness:
Maximum effort in high risk patients
(heart failure and renal failure)

Need for novel biomarkers 
(specificity)

New combined
end points 
(subclinical AKI and 
CI-AKI, MARCE)

+

Modified from Ronco F et al GIC 2019
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