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ACUTE DIALYSIS QUALITY 
INITIATIVE (ADQI)

ADQI
A  process  towards developing  Consensus and 
Guidelines for Dialysis in the Critically ill Patient

www.adqi.net
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ADQI VII: VENICE, ITALY
THE CARDIO-RENAL 

SYNDROME
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ADQI VII: 
THE CARDIO-RENAL 

SYNDROME
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General Definition:

We defined the broad term 
“Cardio‐Renal Syndromes” as 
“disorders of the heart and 

kidneys whereby acute or chronic 
dysfunction in one organ may 

induce acute or chronic 
dysfunction of the other”.

ADQI VII: 
THE CARDIO-RENAL 

SYNDROME

Critical Care Medicine

THE CARDIO-RENAL 
SYNDROME
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Definition:

Acute worsening of heart 
function leading to kidney 
injury and/or dysfunction.

CARDIO-RENAL 
SYNDROME: TYPE 1



Acute 
Heart
Disease

or
Procedures

Renal hypoperfusion

Reduced oxygen delivery

Necrosis / apoptosis

Decreased GFR

Resistance to ANP/BNP

BIOMARKERS

KIM‐1

Cystatin‐C

N‐GAL

Creatinine

Hemodynamically mediated damage

Immune mediated damage

Humorally mediated damage

CARDIO‐RENAL SYNDROME:  TYPE 1

Humoral 
signalling Cytokine 

secretion

Exogenous factors
Contrast media
ACE inhibitors

Diuretics

Acute 
Kidney 
Injury

Caspase 
activation
Apoptosis

Caspase 
activation
Apoptosis

Decreased
perfusion

Acute decompensation

Ischemic insult

Coronary angiography

Cardiac surgery

Decreased CO Increased 
venous 
pressure

Toxicity 
Vascocostriction.

RAA activation, Na + H2O retention, 
vasoconstriction

BNP

Sympathetic Activation

Hormonal factors

Monocyte 
Activation Endothelial 

activation

Natriuresis
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CARDIO-RENAL 
SYNDROME: TYPE 1

Epidemiology is challenging:

Retrospective/secondary analyses

Definition of worsening renal function (WRF)

Variable observed time‐at‐risk
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ACUTE DECOMPENSATED 
HEART FAILURE (ADHF)

Study n Type AKI Incidence

Krumholz (2000) 1681 Retrospective SCr >26.5 28

Gottlieb (2002) 1002 Retrospective SCr >26.5 39

Smith (2003) 412 Prospective SCr >26.5 45

Cowie (2006) 299 Retrospective SCr >26.5 29

Nohria (2008)  433 Retrospective SCr >26.5 30

Logeart (2008) 416 Prospective SCr >26.5 37

Metra (2008) 318 Prospective SCr >26.5 34
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AKI IN ADHF

AKI associated with increased:

ICU admission

Lengths of ICU/hospital stay

In‐hospital mortality

30‐day re‐hospitalization 

Health costs/resource use

Metra et al Eur J Heart Fail 2008
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Smith et al J Card Fail 2003
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ACUTE CORONARY 
SYNDROME (ACS)

Study n Type AKI Incidence

Goldberg (2003) 1038 Retrospectiv
e

SCr >44.2 10

Jose (2006) 1854 Retrospectiv
e

SCr >26.4 12

Latchamsetty (2007) 1417 Prospective SCr >44.2 10

Newsome (2008) 87094 Retrospectiv
e

Variable 43

Parikh (2008) 147007 Retrospectiv
e

SCr >26.5 20
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AKI IN ACS

AKI associated with increased:

In‐hospital mortality

Cardiovascular events

Re‐hospitalization

Progression to ESKD 

Health costs/resource use

Newsome et al Arch IM 2008
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Definition:

Acute worsening of kidney 
function leading to heart 
injury and/or dysfunction.

Cardio-Renal Syndrome: 
Type 3

Acute     
Heart

Dysfunction

Glomerular diseases

Interstitial diseases

Acute tubular necrosis

Acute pyelonephritis

Acute urinary obstruction

Acute 
Kidney 
Injury

Acute decompensation

Acute heart failure

Ischemic insult

Arrythmias

Decreased CO

BIOMARKERS

Troponin

Myoglobin

MPO

BNP

Humoral 
Signalling Cytokine 

secretion

Hypertension

Caspase 
activation
Apoptosis

Caspase 
activation
ApoptosisMonocyte 

Activation

Electrolyte,  acid‐base
& coagulation imbalances

Volume 
expansion

Decreased 
GFR

Increased pre‐
load

Na + H2O 
retention

Sympathetic Activation

RAA activation,, 
vasoconstriction 

Endothelial 
activation

CARDIO‐RENAL SYNDROME:  TYPE 3

Critical Care Medicine

CARDIO-RENAL 
SYNDROME: TYPE 3

Prototypical Conditions

Contrast‐induced nephropathy

Drug‐induced nephropathy

Major non‐cardiac surgery‐associated AKI

Cardiac surgery‐associated AKI

Post‐infectious GN

Rhabdomyolysis

Acute pyelonephritis

Post‐obstructive uropathy
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CARDIO-RENAL 
SYNDROME: TYPE 3

Epidemiology is challenging:

Heterogeneity in predisposing conditions 

Different methods for defining AKI

Variable baseline risk in individuals for 
development of acute cardiac dysfunction 

Failure of many clinical studies of AKI to 
report the occurrence of acute cardiac 
dysfunction as outcomes
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CARDIO-RENAL 
SYNDROME: TYPE 3

Incidence estimates/outcomes:

Disease‐specific

Context‐specific
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Definition:

Chronic abnormalities in heart 
function leading to kidney 
injury or dysfunction.

CARDIO-RENAL 
SYNDROME: TYPE 2



Chronic 
Heart
Disease

Increased
susceptibility
to insults

Insult and 
Initiation of

kidney damage

Progression
of CKD

Chronic hypoperfusion
Increased renal vascular resistance
Increased venous pressure
Embolism

Genetic risk factors
Acquired Risk factors
Low cardiac output (CO)

Anemia
Sodium and H2O retention
Uremic solute retention
Ca and P abnormalities
Hypertension

Sclerosis ‐ Fibrosis

Chronic hypoperfusion
Apoptosis

Low cardiac output (CO)
Subclinical inflammation
Endothelial dysfunction
Accelerated atherosclerosis

Anemia, hypoxia
RAA and sympathetic activation
Na and H2O retention
Ca and P abnormalities
Hypertension, LVH

Anemia
Sodium and H2O retention
Uremic solute retention
Ca and P abnormalities
Hypertension

CARDIO‐RENAL SYNDROME:  TYPE 2
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CARDIO-RENAL 
SYNDROME: TYPE 2

Study n Type CVD eGFR<60

Heywood (2007) 118465 ADHERE ADHF 72

Elsayed (2007) 13826 ARIC/CHS CVD 34

Ahmed (2007) 7788 DIG  CHF 45

Campbell (2009) 1102 Retrospective CHD 9 

Elsayed et al Arch IM 2007
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CARDIO-RENAL 
SYNDROME: TYPE 2

Future Investigations to evaluate:

Rate of progression of CKD in patients with 
established CVD 

Whether synergistic interaction 

Effect of cardio‐protective therapies on 
progression/exacerbation of CKD 

Mechanistic link of heart‐kidney 
interaction (i.e. biomarkers)
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Definition:

Chronic kidney disease (CKD) 
leading to heart injury, disease 

and/or dysfunction.

CRS: TYPE 4

Cardiac remodelling 

Neurohormonal abnormalities

Increased ischemic risk

Left ventricular hypertrophy

Left diastolic dysfunction

Decreased coronary perfusion

Inflammation

Coronary and tissue calcification

CKD Stage 
1‐2

CKD Stage 
3‐4

CKD Stage 
5‐

Dialysis

Genetic risk factors
Acquired risk factors
Primary nephropathy
Diabetes mellitus

Smoking
Obesity
Hypertension
Dyslipidemia
Homocysteinemia
Chronic inflammation

BIOMARKERS

Cardiac troponin

Natriuretic peptides

Asymmetric dimethylarginine

Ischemia modified albumin

Acute phase proteins

Serum amyloid protein A

C‐reactive protein

Anemia
Uremic toxins
Ca and P abnormalities
Nutritional status, BMI
Salt and water overload
Chronic Inflammation

Anemia & malnutrition
Ca/Phos abnormalities
Soft tissue calcification
Na – H2O overload
EPO resistance
Uremic toxins

↓ Appetite
↑Adipocytokine 

production

Chronic 
Inflammation

Cytokine 
production

Endothelial dysfunction
Smooth muscle 
proliferation
LDL oxidation
Vascular calcification
Oxidant stress
Accelerated atherosclerosis Acute phase 

reactants

↑ Insulin 
resistance

Bone 
remodeling ↑Muscle 

catabolism

monocyte         
stimulation

Artificial surfaces
Contaminated fluids

Sclerosis ‐ Fibrosis

Glomerular/interstitial
damage

CARDIO‐RENAL SYNDROME:  TYPE 4



Go et al NEJM 2004

eGFR Death CV Event Hospital

≥60 1.0 1.0 1.0

45‐60 1.2 1.4 1.1

30‐44 1.8 2.0 1.5

15‐29 3.2 2.8 2.1

<15 5.9 3.4 3.1

Go et al NEJM 2004
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CARDIO-RENAL 
SYNDROME: TYPE 2/4

Heart/kidney disease:

Commonly co‐exist 

Uncertain primary vs. secondary

Unable to discriminate CRS Type 2/4
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Definition:

Systemic condition leading to 
simultaneous injury and/or 
dysfunction of heart and 

kidney.

CARDIO-RENAL 
SYNDROME: TYPE 5

Systemic 

diseases

Diabetes

Amyloidosis

Vasculitis

SEPSIS

Organ 
damage/dysfunction

hypoxia
oxidative 
stress
toxemia

Hemodynamic changes
Hypoperfusion

perfusion pressure ↓, RVR ↑
Hischemia/ reperfusion 

Exogenous toxins heme 
proteins antibiotics, 
contrast media

LPS / endotoxin 
Monocyte activation

cytokines

Renal Insufficiency

Heart failure

Sympathetic system activation
Neurohumoral stress

Inflammation

CARDIO‐RENAL SYNDROME:  TYPE 5
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CARDIO-RENAL 
SYNDROME: TYPE 5

Acute Systemic Illness Chronic Systemic Illness

Severe sepsis/septic shock Hypertension

Infections (i.e. HIV, HCV) Diabetes Mellitus

Drug toxicity (i.e. cocaine) Amyloidosis

CTD (i.e. SLE, APLA, PSS) Multiple myeloma

Microangiopathy (i.e. TTP) Sarcoidosis

Vasculitis Cirrhosis

Malignancy (i.e. lymphoma) Pulmonary hypertension
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CARDIO-RENAL 
SYNDROME: TYPE 5

Epidemiology:

Disease‐specific

Context‐specific

Time‐varying
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CARDIO-RENAL 
SYNDROME: TYPE 5

Pathophysiology:

Mechanisms of secondary heart‐
kidney interaction?

Co‐existent vs. genuine 
bidirectional interaction?
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CRS TYPE 5: SEPSIS

Bagshaw et al Crit Care 2008

AKI in sepsis: 16-64%
Sepsis in AKI: 46-58%



Logrank, p<0.0001

OR 1.48 (95% CI, 1.2­1.9)

Bagshaw et al CJASN 2007

Lim et al Crit Care 2003

+ TnI 40.7%
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SEPTIC MYOCARDIAL 
DYSFUNCTION

Incidence estimates variable due to:

Population‐at‐risk being studied

Definition used for detection of cardiac 
dysfunction (i.e. TnI, BNP, PAC, ECHO)

Severity of illness/organ failure

Duration of illness prior to evaluation

...however, elevated cardiac-
specific TnI in 30-85%



Characteristics TnI/TnT +
(n=23)

TnI/TnT –
(n=23)

Age (med) 71 56

APACHE II Score (med) 27 20

Prior AMI (%) 39 4

ECG signs ischemia (%) 0 0

LV dysfunction (TEE) (%) 78 9

Peak CRP (med) 245 284

Survival (%) 39 69
Ver Elst et al Clin Chem 2000

TnI +
(n=16)

TnI‐
(n=21)

APACHE II score 28 20

Vasoactives (%) 94 53

Regional WMA (%) 56 6

EF (%) 46 62

Mortality (%) 56 24
Mehta et al Int J Cardiol 2004
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CARDIO-RENAL 
SYNDROME: TYPE 5

Pathophysiology:

Mechanisms of secondary heart‐kidney 
interaction?

Co‐existent vs. genuine bidirectional 
interaction?

Needed:

Studies to evaluate concomitant acute  
kidney/myocardial injury in sepsis
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SUMMARY

Heart‐kidney interaction:

Exceedingly common/increasing

Presence can induce/exacerbate or 
acceleration dysfunction/injury of other

May be classified into several syndromes

Several knowledge gaps exist

Critical Care Medicine

THANK YOU FOR YOUR 
ATTENTION!


