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Cardiorenal syndrome classification

CRS Type I (Acute Cardiorenal Syndrome)

Abrupt worsening of cardiac function (e.g. acute cardiogenic shock or acutely decompensated
congestive heart failure) leading to acute kidney injury

CRS Type II (Chronic Cardiorenal Syndrome)

Chronic abnormalities in cardiac function (e.g. chronic congestive heart failure) causing
progressive and potentially permanent chronic kidney disease

CRS Type III (Acute Renocardiac Syndrome)

Abrupt worsening of renal function (e.g. acute kidney ischaemia or glomerulonephritis) causing
acute cardiac disorder (e.g. heart failure, arrhythmia, ischemia)

CRS Type IV (Chronic Renocardiac Syndrome)

Chronic kidney disease (e.g. chronic glomerular or interstitial disease) contributing to decreased
cardiac function, cardiac hypertrophy and/or increased risk of adverse cardiovascular events
CRS Type V (Secondary Cardiorenal Syndrome)

Systemic condition (e.g. diabetes mellitus, sepsis) causing both cardiac and renal dysfunction

Cl Ronco & colleagues

Journ of the Amer Coll of Cardiology: Vol 52, No 19, 2008



Tacivounon
Koapotoveppikod XuvopOouov

X Tomov I:  O&L Kapdoveppikd 2Hvopouo
X Tomov II: Xpdvio Kapotoveppikod

20VOPOLO
R Tomov III: O&L Ne@pokapotakod 2HvopoLo
R Tomov IV: Xpovio Ne@pokopolokd

20VOPOLO
X Tomov V: Agvteponaféic Kapoloveppikod

20VOPOLO



Tomov 1
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Himanshu Sekhar Mahapatra,’ Robert Lalmalsawma,’
Narendra Pal Singh,” Mahender Kumar,' Suresh Chandra Tiwari?

Classification of Cardiorenal Syndrome Proposed By Ronco and Colleagues™

Type Name Mechanism Clinical Conditions Markers References
Type | Acute cardiorenal Abrupt worsening of kidney function Acute cardiogenic shock and  ET-1, Tropenin, 17
syndrome leading to acute kidney injury acutely decompensated CPK-MB
congestive heart failure
Type Il Chronic cardiorenal  Chronic abnormalities in kidney Chronic congestive heart ET-1, BNP 17,18
syndrame function causing progressive and failure
potentially permanent kidney disease
Type Il Acute renocardiac Abrupt worsening of kidney function Acute kidney ischemia and TNF-a, IL-1, 3,19
syndrome causing acute cardiac disorder glomerulonephritis IL-&, IL-8
Type IV Chronic renocardiac  Chronic kidney disease contributing to  Chronic glomerular and PTH, CFF 16, 20, 21,22
syndrome decline in cardiac function Interstitial disease product,
Cystatin C
Type V'  Secondary Systemic condition causing both Diabetes mellitus, Sepsis
cardiorenal cardiac and kidney dysfunction
syndrome

*ET-1 indicates endothelin-1; CPK-MEB, creatine phosphokinase-MEB; BNF, B-type natriuretic peptide; THF, tumor-necrosis factor;, IL, interleuking
PTH, parathyroid hormone; and CPP, calcium-phosphate product. Ellipses indicate not applicable.



Protein Blomarkers 1or
the Early Detection of Acute Kidney
Injury

R Cystatin C Proximal tubule injury

R KIM-1 Ischemia and nephrotoxins

R NGAL (lipocalin) Ischemia and nephrotoxins

R NHES3 Ischemia, pre-renal, post-renal AKI

R Cytokines (IL-6, IL-8, IL-18) Toxic, delayed graft function
Actin-actin depolymerizing F Ischemia and delayed graft function
-GST Proximal T injury, acute rejection

-GST Distal tubule injury, acute rejection

L-FABP Ischemia and nephrotoxins

Netrin-1 Ischemia and nephrotoxins, sepsis

Keratin-derived chemokine Ischemia and delayed graft function

228888
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The Delicate Balance

Balance

* Close follow-up

* Personalized therapy
* Individualized fluid equilibrium
* Plasma and urine electrolytes

Imbalance

* Excessive salt and/or water ingestion
« & RAAS, SNS, AVP

* Borderline ventricular function

* Borderline renal function

* Anemia A



Haemodynamic control (Guyton)
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Pathophysiological basis of the severe cardiorenal syndrome. The model of Guyton explains heart—kidney
interaction with respect to extracellular fluid volume, cardiac output, and mean arterial pressure. When one of
these organs fails, a vicious circle develops in which the renin—angiotensin system, the NO-ROS balance,
the sympathetic nervous system, and inflammation interact and synergize, here called the cardiorenal

connection.



IIpoowabeoikol
Iapayovtec

PP Liu. Cardiorenal syndrome in heart failure: A cardiologist’s

perspective. Can ] Cardiol 2008;24(Suppl B):25B-29B.

Risk factors for renal dysfunction in heart failure

Hypertension

Diabetes

Severe vascular disease
Elderly age

Past history of:
Heart failure
Renal dysfunction
Heart failure and renal dysfunction



Factors associated with HF 1n adult
diabetic patients

X Age

R Duration of diabetes

&R Insulin use

&R Ischemic heart disease

R Peripheral arterial disease
R Elevated serum creatinine
& Poor glycemic control

R Microalbuminuria



KAvikn ekonAmon

R ALOOVVOLIKES O10TOPOYES

R Kapoloavarvevotikn emPdpovon (dvervola, opfomvola,
TOYLKAPOIN)

R Ilvevpovikd oionua

R OMyoavovpia

R Mkt o&eoPacikn ototapayn

R Emocivioon 0eiktav veppikng Aettovpyiog



[TaBopucioloyia

R AlTopoyEC Kapoloknc Aettovpyiog
R AloTapoyec 0YKov

R NEVLPOOPUOVIKEC OLATAPOYES

R Avapio



Hypothesis

R Renal impairment could be a marker for worsening
HE.

R Renal impairment could be on the causal pathway to
worsening HF

RAS activation
T sympathetic tone

~ ACE inhibitor therapy




R [Ipoywpnuévov otadiov Kapolokn 1) VEQPIKN AVETAPKELX
(UN aVTPPOTOVUEVT]) TPOKAAEL:

- AVENGON AYYELOGLOTTUCTIKAOV OVGLMV
(AVP, ET-1, NE, A-II, Adevooivng)

- AVIGOPPOTiOL LETAED aryYELo-
GUGTOGTIKMV/OLOGTUATIKMOV OPLOVEOV
(vatprovpntika nentiown, PG, NO, Bpadvkivivn)

- AVENGN TPOPOPTIO

- aVENGoN TNC PAEPIKNG Tieonc oTOVE VEPPOVG

- ovuPoin otV TPoOKANGN vePpkNe BAAPNC

- avénomn tov RAAS

- eMdttoon GER

- avEnuevn katakpatnon Na+



Impact of Venous Congestion on
Glomerular Net Filtration Pressure

Venous Bowman's Normal * RA pressure
(Efferent) capsule Afferent Efferent Afferent  Efferent
endof endof end of end of
glomerular glomerular  glomerular glomerular
capillary  capillary capillary  capillary
Glomgrular Forces (mmHg) (mmHg) (mmHg) (mmHg)
capillary 1. Favoring Filtration
Glomerular-capillary 60 58 55 63
hydrostatic pressure, P
| TTge 2. Opposing Filtration
f / a. Hydrostatic pressure 15 15 15 15
/ / in Bowman’s capsule, Py
/ b.  Oncotic pressure in
' . glomerular capillaries, g 21 33 21 33
Arterial
(Afferent) Net filtration pressure (1-2) 24 10 19 15
Filtration pressure: 14 mmHg 4 mmHg

Copyright ©2009 American College of Cardiology Foundation. Restrictions may apply.




[TaBopuciorloyia TG 0CEl0g U AVTIPPOTOVUEVG
KOPOLOKT G OVETAPKELOG
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Clin | Am 5Soc Nephrol 4: 2013-2026, 2009
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Figure 3. Vasopressin stimulation of V2 and Vla receptors can
contribute to events that worsen cardiac function. [Reprinted
from [ Am Coll Cardiel, vol. 47, Schrier RW, Role of diminished
renal function in cardiovascular mortality: Marker or pathoge-
netic factor? pp. 1-8, copyright 2006 (ref. 6), with permission
from Elsevier.]
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Figure 5. Mechanism by which negative sodium and water
balance may improve myocardial and renal function in CHF.
[Reprinted from [ Am Coll Cardiol, vol. 47, Schrier RW, Role of
diminished renal function in cardiovascular mortality: Marker
or pathogenetic factor? pp. 1-8, copyright 2006 (ref. 6), with
permission from Elsevier.]



Functional and structural modifications following neurohormonal
stimulation in heart failure

Functional modifications Structural medifications

* Increased inctropy * Hypertrophy

* Increased heart rate * Increase d nonmuscu lar tissue
* Vasoconstriction * Increased expression of

* Salt and water retention adult cardiac genes

* Increased energy demand
* Altered loading conditions
* Altered vascular/diastolic properties
* Proarrhythmegenic effect




Hormone levels in HF

Times narmal

Morepinephrine Plasma renin  Antidiuretic hormone

Plasma levels of norepinephrine, renin activity, and antidiuretic hormone are increased two to
eight fold (when compared to normal subjects) in patients with stable heart failure

treated with digitalis, but not diuretics or vasodilators.

Data from: Francis, GS, Goldsmith, SR, Levine, TB, et al, Ann Intern Med 1984; 101:370.



Cardiorenal syndrome

R Cardiorenal syndrome — term used to define the
Interdependence of the heart and kidney.

«® In heart failure — interactions present between heart and
Kidney that increase circulating blood volume and thereby
worsen heart failure (HF).

&R At worst case — therapy to treat HF may be limited by
decline in renal function.



Features of the cardiorenal
syndrome

R Heart failure with decreased eGFR < 60 mL/min/1.73 m2.

«r Worsening of renal function (>25%) during treatment of
acute decompensated HF

R Diuretic resistance

R Persistent congestion despite: oral, 1V, IVl or combination
of diuretic + thiazide + aldosterone antagonist.



The cardiorenal syndrome in diabetes mellitus

Hussein H. Karnib ", Fuad N. Ziyadeh

The cardiorenal syndrome in patients with diabetes mellitus represents a systemic condi-
tion that affects both the cardiovascular and renal systems. Diabetes 1s a well established
risk factor for cardiovascular disease (CVD), and a significant proportion of diabetic patients
go on to develop clinically significant nephropathy. In the diabetic state the kidney is
involved by progressive sclerosis/fibrosis and proteinuria, due most likely to overactivity
of the transforming growth factor-beta system and, to some extent, the vascular endothelial
growth factor system, respectively. The pathogenesis of CVD in diabetes 1s multifactorial,
involving hemodynamic forces, humoral/metabolic factors, and oxidative stress. Addition-

DIABETES RESEARCH AND CLINICAL PRACTICE 89 IiZ-EII-:I:I 201-208



Emonuioroyia

R250 exarop. Awapntikov

RIIpoPAreyn yia 380 exatop. To 2025
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RAwPNTIKN VEQpomabeila

R45% tov véov-ESRD eivon /A

R>30% pe /A xor CVD

RENUOVTIKN outio Tpompns BvntotnTog

Pavkov ME et al Am J Kidney Dis 2008;51:759-66



EmmAoxkég 2/A

R Iapdyov yio CVD

&R Agvkouatovpia

R LNUOVTIKO TOGOGTO VEQPPOTAOELOC
R ApTnplokn VTEPTUGT

R [Nevikevpévn petaforkn olatapoyn
R [Ipooodevtikt) cKANpvveT/ivion

R Ieprpepikn ayyelonddeia

R ApeipAnctposioonddeia
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Cumulative mortality from all causes in patients with heart failure
with and without diabetes
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Effect of diabetes on HF mortality. In the DIAMOND-CHF trial of 5491 patients with heart failure
(HF), 900 (16 percent) had diabetes mellitus. Mortality for patients with diabetes was significantly
higher than for those without diabetes (31 versus 23 percent at one year, adjusted risk ratio 1.5,

95% Cl 1.3 to 1.6).
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Death rates for major cardiovascular diseases have
decreased in the United States

o000 -

B00 - /\/\
FOOD - =
coo. /
00 =
400 - -
— CVD
300 - —_—
~ Heart disease
200 -
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During the years 1900 to 1960 there was an increase in the death rate from all cardiovascular
diseases (CVD), all heart diseases, and coronary heart disease (CHD). However, since 1960
the number of death from all CVD, heart disease, and stroke have markedly declined. Rates are
age-adjusted to 2000 standard.

Data from Cooper, R, Cutler, J, Desvigne-Nickens, P, et al, Circulation 2000; 102:3137.



Figure 1: Additional risk factors for cardio-

vascular disease in patients with renal disease
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The Cardiorenal Syndrome: Nontraditional Cardio-
wvascular Risk Factors in Patients with Renal Disease

By SHONA PENDSE, MD, MMSC. NOVEMBER 2004 ‘ Volume 4, lssue 9



AKI

AKI in ICU: A Grave Prognosis

Prospective observational study of 29,269 ICU pts with
AKI in 23 countries.
Incidence of AKI: 5% - 6%
AKI patients have high prevalence of co-existing chronic
disease
- CKD: 30% -- CAD 37%
- DM 29% -- Chronic Liver Dis 21%
Mortality in hospital: 60%
Uchino, S. et al. JAMA 2005;294:813-818
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AKI in ICU

1,726 AKI ICU Admissions:
Contributing Factors to AKI
Septic shock 820 (47.5%)
Major surgery 592 (34.3%)
Cardiogenic shock 465 (26.9%)
Hypovolemia 442 (25.6%)
Drug-induced 328 (19.0%)
Hepatorenal syndrome 99 ( 5.7%)
Obstructive uropathy 45 ( 2.6%)
Other 211 (12.2%)
Uchino, S. et al. JAMA 2005;294:813-818



Medications and AKI

Hemodynamic: Impaired autoregulation

ACEI/ ARB/ NSAIDs/ COX2s/ contrast

Glomerular: FSGS/ Glomerulonephritis
Pamidronate/Gold/Rifampin/captopril/ Interferon
Vascular: vasculitis/ HUS

PTU/ hydralazine/allopurinol/PCN/ Sulfa/ gemcitabine/
Plavix/Cyclosporine/allopurinol

Tubular: ATN/ RTA

Aminoglycosides/ Ampho B/ Tenofovir/ contrast/ Bactrim
Tubular/Interstitial: AIN/obstruction

PCN’s, methicillin/ sulfa/ rifampin/ Bactrim/ACV/ Indinavir



AKI

R Diagnosis of AKI:

at present there are few, specific interventions proven to prevent
or treat AKI.

R Why?
- are we making the diagnosis to late to make a
difference?
- we need to look at the renal equivalent to
cardiac troponin to diagnose “Renal Angina”



AKI

Primary diagnosis of AKI at present is with change
In:

1. creatinine
2. BUN
3. urine studies (microscopic for casts, urine Na)
4. urine output
- Are there any better or newer diagnostic
markers?



Management of AKI

1. ldentify patient risk factors
advanced age, DM
cirrhosis/hepatic failure
CKBFCHE
volume depletion, sepsis
recent CABG
exposure to nephrotoxins

2. On presently available evidence - 3 criteria should prompt concern
of evolving AKI:

- oliguria
- rising creatinine
- fluid overload

CJASN - May 2010 — Goldstein and Chawla et al



AKI

AKI - analysis of the new lab data

Best for differential diagnosis of established AKI:
- serum cystatin C

- urine 1L-18

- KIM-1

Best for early diagnosis of AKI:

- serum cystatin C

- urine NGAL

- 1L-18

- glutathione- S-transferase-pi and y-glutathione
Best for mortality risk prediction:

- urine for KIM-1

- 1L-18

- N-acetyl-B-dglucosaminidase

Coca, Kl 73;1008-1016: 2008



] Chin Med Assoc = October 2007 = Vol 70 = No 10

Cardiorenal Anemia Syndrome in Chronic
Kidney Disease

REVIEW ARTICLE

Anemia is a frequently encountered problem of chronic kidney disease (CKD) and deteriorates as renal function declines.
Anemia increases the risk of death in CKD patients with diabetes and hypertension, which are the 2 leading causes of
CKD. Recent studies suggest that correction of anemia improves patient quality of life and may delay the progression to
end-stage renal disease. Anemia is often only treated in the late stages of CKD or after the initiation of renal replace-
ment therapy. Thus, anemia of CKD Is often unnoticed and lacks appropriate treatment. To practically manage high-risk

This paper DI’U‘I.-"i[ﬂE‘S recommendations for the ﬂiagnﬂsis and management of anemia associated
ternational practice guidelines. [J Chin Med Assoc 2007;70(10):424-429]
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Cardio Renal Anemia syndrome:
a vicious circle of destruction

CHF

A
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Anemia




Cardiorenal Syndrome
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Figure 1. Cardiorenal connection and its effect on erythropoietin. Imbalance between nifric oxide and reactive oxygen species, by
increased inflammation, increased activity of the rennin-angiotensin system, and increased activity of the sympathetic nervous system,
causes cardiorenal syndrome. Together, these “cardiorenal connectors” decrease sensitivity to erythropoietin. NO-ROS indicates nitric
oxide-reactive oxygen species.
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Therapeutic Strategies for Heart Failure in Cardiorenal Syndromes

Andrew A. House, MD, MSc," Mikko Haapio, MD,? Johan Lassus, MD,? Rinaldo Bellomo, MD,?
and Claudio Ronco, MD*°

Cardiorenal syndromes are disorders of the heart and kidneys whereby acute or long-term dysfunc-
fion in one organ may induce acute or long-term dysfunction of the other. The management of
cardiovascular diseases and risk factors may influence, in a beneficial or harmful way, kidney function
and progression of kidney injury. In this review, we assess therapeutic strategies and discuss treatment
options for the management of patients with heart failure with decreased kidney function and highlight
the need for future high-quality studies in patients with coexisting heart and kidney disease.

AmJ Kidney Dis 56:759-773. © 2010 by the National Kidney Foundation, Inc.
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Canadian Cardiovascular Society consensus
recommendations on heart failure and concomitant renal
dysfunction

Recommendations

+ Heart failure patients with stable renal function (serum creatinine levels
less than 200 pmol/L) should be monitored for serum potassium and
creatinine if combination therapy is used or in the presence of potential
dehydration (class [, level B).

+ Patients with heart failure with increasing serum creatinine should be
assessed for reversible causes such as concomitant medications (eg,
nonsteroidal anti-inflammatory drugs), hypovolemia, hypotension, urinary
tract obstruction or infection (class |, level C).

* In oliguric heart failure patients who are hemodynamically stable,
diuretics, ACE inhibitors, ARBs, spironolactone and nonheart failure
drugs that can impair renal function should be reviewed daily (class |,
level C).

+ In stable heart failure patients who are not oliguric but have increasing
serum creatinine levels of more than 30% from a previous stable
baseline, the dose of diuretics, ACE inhibitors, ARBs and spironolactone
may be reduced until renal function stabilizes (class 1, level C).

* Inheart failure patients not responding adequately to more than 240 mg
intravenous furosemide daily, treatment options include:

= More frequent or higher doses of intravenous boluses of diuretic
(class llb, level C;

= Combination with thiazide diuretic, eq, hydrochlorothiazide or
metolazone (class lIA, level B); or

= Continuous intravenous furosemide infusion (class lla, level B).

Can J Cardiol Vol 24 Suppl B July 2008



Table 1. Pharmacologic agents in the management of acute decompensated heart failure

Medication Initial Dose Dose Range Comments
Diuretics
Furosemide 20 to 80 mg IV bolus 20 to 400 mg boluses may Infusion is recommended at 5 to 40
repeat q6 to 8H mg/h. If =240 mg/h, risk of
ototoxicity increases.
Torsemide 10 to 40 mg bolus 20 to 200 mg bolus Continuous infusion: 5 to 20 mg/h
Bumetanide 0.5 to 2 mg bolus 0.5 to 4 mg bolus Continuous infusion: 0.1 to 0.5 mg/h
Vasodilators
Nitroprusside 0.3 to 0.5 pg/kg/min 0.3 to 5 pg/kg/min Infusion rates of =10 pg/kg/min may
cause cyanide toxicity. Also, caution
in active myocardial ischemia.
Nitroglycerine 10 to 20 pg/min 20 to 400 pg/min severe headache, hypotension, closed-
angle glaucoma
Nesiritide No bolus 0.005 to 0.03 pg/kg/min  Titration: increased infusion rate by
0.005 pg/kg/min (no more than
every 3 h, up to a maximum of 0.03
pg/kg/min).
Inotropes
Dopamine 2to 5 pg/kg/min 2 to 20 pg/kg/min May increase mortality. Caution for
arrhythmia.
Dobutamine 1to 2 pg/kg/min 1 to 20 pg/kg/min May increase mortality. Caution for
arrhythmia.
Milrinone 50 pg/kg IV loading dose  0.10 to 0.75 pg/kg/min May increase mortality. Caution for
over 10 min; then 0.25 arrhythmia.
to 1.0 pg/kg/min
infusion
Other
Levosimendan 0.05 to 0.2 pg/kg/min 0.5 to 2.0 pg/kg/min May increase mortality. Not approved

bolus over 10 min
followed by infusion

in the United States. Caution for
hepatic impairment and left-
ventricular outflow obstruction.
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