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Definition of Heart Failure (HF)



Clinical prese=tation of acute kidney injury







Long-term Risk of Mortality and Other Adverse Outcomes After Acute

Kidney Injury: A Systematic Review and Meta-analysis

Steven G. Coca, DO, Bushra Yusuf, MD," Michael G. Shlipak, MD, MPH,**
Amit X. Garg, MD, PhD,® and Chirag R. Parikh, MD, PhD"-?

Outcomes after an Episode of AKI (h=47.,017)

New CKD

ESRD
Mortality

Deaths/Person-Years
(deaths/100 person-years)

7.8 events/100 patient-years |
4.9 events/100 patient-years
8.9 deaths/100 patient-years _

Mo. of Studies Showing Harm

>6 mo F/U

Mo. of Lower Bound
Subgroup Studies AKI Mo AKI Point Estimate > 1 95% Cl =1 Rate Ratio Heterogeneity (I°)

Overall 15 685/7,665 (8.9)  3,739/87,014 (4.3) 15 12 2.59 (1.97-3.42) 86%
Definition of AKI

At least mild 3 250/3,972 (6.3) 340/9,908 (3.4) 3 3 1.67 (1.41-1.98) 0%

At least moderate 6 325/2,928 (11.1)  2,0980/67,488 (4.4) 6 4 2.73 (1.81-4.14) 90%

Severe (RRT) 7 148/1,079 (13.7) 590/13,351 (4.4) 7 6 3.04 (2.13-4.33) 60%
Clinical setting

Critical illness 2 48/347 (13.8) 173/3,743 (4.6) 2 1 2.41 (1.50-3.85) 0%

Cardiac surgery 3 97/1,335 (7.3) 327/11,956 (2.7) 3 3 3.72 (1.49-6.94) 85%

PCI 4 218M1,670(13.1)  2,793/66,350 (4.2) 4 4 2.89 (2.32-3.61) 49%

Monrenal transplant 3 921,632 (5.6) 204/2,884 (7.1) 3 1 1.89 (0.9-3.96) B82%

Left ventricular assist device 2 59/581 (10.2) 79/1,582 (5.0) 2 2 2.15 (1.53-3.03) 0%

Aortic surgery 1 171/3,840 (4.5) 163/5,290 (3.1) 1 1 1.45(1.17-1.79) NA
Duration

Transient v none 2 201/2,298 (8.7) 301/9,645 (3.1) 2 2 2.54 (2.10-3.08) 0%

Persistent v none 2 124/1,370 (9.1) 301/9,645 (3.1) 2 2 2.46 (1.68-3.60) 49%

Persistent v transient 3 186/2,150 (8.7) 232/2 923 (7.9) 2 1 1.15 (0.84-1.57) 45%
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Tubular Injury in AKI

Thadhani et al., N Engl J Med 1996
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“Cardiorenal Syndrome”
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CHF: Worsened Renal Function in Hospital

27% of 1,004 pts had worsened renal function (>0.3mg/dl)

Hazard Ratio
History of CHF (1) 1.3 (1.01-1.7)

Diabetes (1) PYREK:) T
SBP> 160 (1) PYRER) S e
1.5<creat<2.5 (2) 2.1 (1.6-2.8)
Creat =25 (3) 3.5 (2.5-4.8)

22% of WRF develops by day 3 and results in:
X increase in risk of death
3X increase in length of stay
2X increase in complications
No relation to hypotension or hypovolemia

Krumholz. JACC 2004,43:861







Table 4 Association of WRF with mortality up to 6 months after index hospitalization

Mortality, n (%) WRF absent WRF present OR (95% ClI) P-value
For the 248 patients who did not develop a major in-hospital complication during the index admission®

n=176 n=72
In-hospital 2 (1.1%) 3 (4.2%) 3.75 (0.62-23.1) 0.15
30 days 6 (3.4%) 3 (4.3%) 1.23 (0.30-5.1) 0.72
180 days 28 (16.5%) 12 (17.4%) 1.07 (0.51-2.24) 0.86
For the complete cohort of 299 patients hospitalized with worsening heart failure®

n= 201 n=98
In-hospital 3 (1.5%) 12 (12.3%) 9.2 (2.6-33.5) 0.002
30 days 9 (4.6%) 14 (14.6%) 3.5 (1.5-8.5) 0.003
180 days 35 (18.1%) 26 (28.0%) 1.8 (0.98-3.2) 0.08

“Follow-up by 30 days for mortality: 244/248 (98%) complete; follow-up by 180 days for mortality: 239/248 (96%) complete.
bFollow-up by 30 days for mortality: 291/299 (97%) complete; follow-up by 180 days for mortality: 285/299 (95%) complete.

European Heart Journal (2006) 27, 1216-1222
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Cardio-Renal Syndrome Pathophysiology

CKD-Associated Myocardial Changes
Myocyte hypertrophy

Myocyte dysfunction

11Interstitial Fibrosis

| Capillary density

T1LV Mass

Elevated serum troponin levels

[ Systolic or Diastolic Dysfunction or Both ]

Altered Intra-renal Hemodynamics

CKD-Associated Vascular Changes Decreased Perfusion —— Invcerﬁsﬁgd
Accelerated atherosclerosis pressure =g Renal
tVascular stiffness Congestion
|Smooth muscle density Precipitators
Osteoblastic VSMC transformation Diuretics *
Intra-and extracellular calcification o / \:iz:gztg: — Toxicity )
—d Vascocostriction Acute on
Acute on Chonic Ax.')- / Chronic
Cardiac _ - - Acute Neurohoromonal Activation - . Kl(flney
Disease SNS+RAS+AIdosterone+ Endothelin+ADH+, Injury

Chronic Neurohormonal
TSNS, RAS, Aldosterone

renal vasoconstriction

(adenosine)+prostaglandin dysregulation SBM+HTN + other CKD

|Vitamin D «'= _ ggFtenaI hypoperfusion
tPTH T e e o ___- _———_——-— ; Decreased GFR
1PO4 \ / : " Resistence to diuretics
Hypotestesteronism v Resistance to ANP/BNP
U;,IEO CAD/MI ANP/ —_— . . Blocked | Na + H.O retention
Ve BNP Natruretic Peptides —— Natriuresis : _
|Fe utilization = A \ 4 Necrosis / apoptosis
Marinobufagen | - - |  Fibrosis
\ Humoral Anemia/Relative |Epo/Fe transport blocked Cytokine !
Inciting Events ‘\ signalling \ e secretion II Biomarkers
| )
|Medical compliance Ly \ @x- . BNP/NT-proBNP
: : -1, 2 ) < | Tubulo- .

TSodlur_n intake TNE - o Glomerular TEII\G/IA;L
Ischemla- Alpha ~ ~ - - 7 Monocyte EndOthe“al ~ - _ P Function T i
Arrhythmias (AF) S Activation 50 o --- 71L-18
OSAS y Catalytic iron

tAdhesion Molecules, TEnzymatic Activation, 1Oxidative Stress TCysta_tn?-C
Added Insults tCreatinine

NSAIDS, TZDs

Urine albumin

Significantly and Severely Adapted, Courtesy Ronco, C 2009 Many others



High Central Venous Pressure and CRS
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Prevalence of Worsening Renal Function During Hospitalization
According to Categories of Admission CVP, CI, SBP, and PCWP JACC Vol. 53, No. 7, 2009

Cl = cardiac index; Cr = serum creatinine; CVP = central venous pressure; PCWP = pulmonary capillary wedge pressure; SBP = systolic blood pressure.



Bowman's Normal f RA pressure
capsule Aﬂ'eren:;t Efterent Affere:rft Eﬁcrerft
endof endofl end ol end of

glomerular glomerular  glomerular glomerular
capillary  capillary capillary  capillary

Glomfarular Forces (mmHg) (mmHg) (mmHg) (mmHg)
capillary 1. Favoring Filtration
Glomerular-capillary 60 58 55 63

hydrostatic pressure, Pge

2. Opposing Filtration
a. Hydrostatic pressure 15 15 15 15

in Bowman's capsule, Pge

b. Oncotic pressure in

! glomerular capillaries, Tige 21 33 21 3
Arterial
(Afferent) Net filtration pressure (1-2) 24 10 19 15
Filtration pressure: I4 mmHyg 4 mmHg

Impact of Venous Congestion on Glomerular Net Filtration Pressure

An illustration of the afferent and efferent pressures at a glomerular capillary in a patient with normal hemodynamics and a patient with increased right atrial (RA) pres-
sure and venous congestion. Py, = hydrostatic pressure in Bowman's capsule; Pg. = glomerular capillary hydrostatic pressure; wg, = oncotic pressure in glomerular

caplllaries.
JACC Vol. 53, No. 7, 2009
February 17, 2009:597-9
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Neutrophil Gelatinase-Associated Lipocalin (NGAL)
— a specific biomarker of acute kidney injury

1L.J % |
/ \ .
Control NGAL _ ~A NGAL

Siderophore

Iron

Goetz et al.

Pocket #2 Mol Cell 2002



NGAL is an endogenous bacteriostatic protein by
reducing available catalytic iron

GAL ?Slderﬁphore E. coll
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growth £ ?
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el —— Goetz et al.
0 10 25 36 Mol Cell 2002
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Siderophore
Labile Iron
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Oxidative Stress Reactions
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3 :  Ferrous iron= Fe )

Ferric Iron = Fe

; hydrogen peroxide = H 55
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Hydroxyl radical = OH - ; Hydroxide anion = OH ~; oxygen = O, superoxide anion = O -



Diagnosis of Early AKI in Emergency Department

Acute kidney injury was based on the RIFLE (risk, injury, failure, loss, and end-stage) criteria

32% of NGAL >
130 ug/g required
dialysis

N=635 adults admitted to hospital, mean
age 60, 30 (4.7%) developed AKI:

«Cardiogenic shock (40%)
*Urinary obstruction (16.7%)
*Multiple myeloma (10%)
*sepsis (6.7%)

*HTN emergency (6.7%)
*NSAIDS (6.7%)

*SLE nepbhritis (3.3%)

eInterstitial nephritis(3.3%)
*Glomerulonephritis (3.3%)
*Rhabdomyolysis (3.3%)

Ann Intern Med. 2008:148:810-819.



European Journal of Heart Failure 10 (2008) 997—-1000
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Fig. 1. sNGAL in control subjects and patient groups with normo-
albuminuria (NA), microalbuminuria (MA) and diabetic ne-
phropathy (DN). ¥ p < 0.01 vs. controls; * p < 0.001 vs. controls;
**p<0.01 vs. NA; *** p < 0.01 vs. MA.

Kidney Blood Press Res 2009;32:91-98
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Pharmacologic Therapy and CRT

Post-MI Mild Moderate Severe
LV Dysfunction

EE

AIRE/SAVE SOLVD Treatment
(ramipril/captopril) (enalapril)
VALIANT CHARM Val-HeFT
(valsartan) (candesartan) (valsartan)

CONSENSUS
(enalapril)

CAPRICORN US Carvedilol/MERIT COPERNICUS
(carvedilol) (carvedilol/metoprolol) (carvedilol)

EPHESUS CHARM/Val-HeFT RALES
(eplerenone) (candesartan/valsartan) (spironolactone)
A-HeFT
Long-acting nitrate/hydralazine

CRTand/oriCD ||




Journal of Cardiac Failura Yol. 14 Mo, 7 2008

Clinical Tnal

Cardiac Resynchronization Therapy Improves Renal Function in
Human Heart Failure With Reduced Glomerular Filtration Rate

GUIDO BOERRIGTER, MD,' LISA C. COSTELLO-BOERRIGTER, MD, PhD,' WILLIAM T. ABRAHAM, MD,*
MARTIN G, 5T, JOHN SUTTON, MD," DENISE M, HEUBLEIN,! KRISTIN M., KRUGER, B5N." MICHAEL R.5, HILL, Phl,*

PETER A. MOCULLOUGH. MD, MPH.' AND JOHN C. BURNETT JR, MD'

Kovhester, Minneseta: Colnboa, Ofio: Philadaipiia, Femyiviesir: Miaveapolic, Missesota! R O, Wickipon

A Change from Baseline to & months: Worsening Ranal Function
Estimated Glomerular Filtration Rate 9
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No beta blocker Befta blocker BE no BB yes

Joumal of Cardiac Failure Vol. 14 No. 7 September 2008



Characteristic CKD level p value
all 1(>90) 2(89-60) 3(59-30) 4(29_15) [ortrend

Number 2,091 338 947 728 78

Demographics
Age, years 913 13 573> i) 65*+11 67*12 <0.0001
Age >75 years, % 11 3 6 19 31 <0.0001
Male, % 72 70 73 74 70 0.33
Caucasian, % 61 42 60 71 71 <0.0001
African American, % 33 53 34 24 26 <0.0001
Other race, % 5 5 5 5 4 0.58

Medical history, %
Hypertension 61 57 59 63 68 0.02
Diabetes mellitus 33 33 26 40 45 <0.0001
Chronic obstructive pulmonary disease 11 7 11 13 13 0.008
Stable angina 26 25 26 28 22 0.53
Prior myocardial infarction 43 27 42 50 53 <0.0001
Prior coronary artery bypass surgery 26 15 22 35 36 <0.0001

Chronic prescribed medications, %
Angiotensin-converting enzyme inhibitors 74 81 75 wi 65 0.0001
ARB 24 20 23 2y 22 0.04
Spironolactone/eplerenone 46 45 48 45 35 0.16
B-Blockers 95 96 95 94 95 0.19
Nitrates 25 18 23 30 32 <0.0001
Calcium channel blockers 7 7 7 7 3 0.77
Loop diuretics 79 70 76 87 88 <0.0001
Digoxin 46 46 45 48 35 0.92

Am J Nephrol. 2010:32(3):226-33. Epub 2010 Jul 22



Peak VO3 (ml/kg/min)

p < 0.0001 for trend
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Pfizer Announces EMPHASIS-HF Trial to Halt Recruitment due to
Significant Benefit Observed in Patients Treated With Inspra®
(Eplerenone)

£ Like It

Announcement Follows Recommendation of Data Safety Monitoring Committee and Executive Steering
Committee

NEW YOREK, May 27 IPRNewswire-FirstCalll — Pfizer Inc. (NYSE: PFE) announced that it plans to A
halt recruitment to the EMPHASIS-HF trial early on the recommendations of the trial's ] a

independent Executive Steering Committee (ESC). The recommendations follow a second E E
interim analysis by the independent Data Safety Monitoring Committee (DSMC) of the E E
EMPHASIS-HF trial confirming the study has reached its primary efficacy endpoint early according
to the protocol pre-defined stopping rules.

HHH
HHH

(Logo: http:ffiphotos prnewswire.comi/prmh/20100416/PFIZERLOGD )

The interim analysis showed that patients treated with INSPRA® (eplerenone), in addition to current standard of care,
experienced a significant reduction in risk of cardiovascular (CV) death or heanr failure (HF) hospitalization compared with those
on the placebo arm of the frial where patients received standard of care in addition to a matching placebo.

Based upon the interim analyses by the independent data safety monitoring committee, eplerenone, generally, was well
tolerated during the EMPHASIS-HF trial. Adverse events reported included hyperkalemia (elevated potassium) (8 per cent of
the eplerenone group vs 3% in the placebo group; p = 0.001) and renal impairment (4 per cent in the eplerenone group vs 2%
in the placebo group; p = 0.05). These adverse events are commaon with mineralcorticoid receptor antagonist agents.



PEARL HFStudy design and methods

PEARL-HF was a multicenter, randomized, double-blind, placebo-controlled, parallel-
group, multiple-dose study that compared RLY5016 30 g (non-absorbed, oral, potassium
binding polymer ) once daily with placebo

Eligible patients were those with serum potassium 4.3—-5.1 mEg/L, and CKD (eGFR

<60 mL/min) on one or more HF therapies (ACEls, ARBs, or B-blockers), or documented
history of hyperkalemia (serum potassium >5.5 mEg/L) within the last 6 months leading to
the discontinuation of an AA, ACEI, ARB, or B-blocker

105 patients with HF and CKD or history of hyperkalemia within the last 6 months

I ® l

RLY5016 30 g/day Placebo
+ spironolactone 25 mg/day* (n=55) + spironolactone 25 mg/day* (n=49)

v

Primary endpoint: Change from baseline in serum potassium following 4 weeks’ treatment
Secondary endpoints: Incidence of hyperkalemia (serum potassium 5.5 mEg/L); spironolactone dose
titration; safety and tolerability

*Spironolactone titrated to 50 mg/day if serum potassium <5.1 mEg/L at Day 15
AA = aldosterone antagonist; ACEI = angiotensin-converting enzyme inhibitor
ARB = angiotensin receptor blocker CKD = chronic kidney disease

eGFR = estimated glomerular filtration rate; HF = heart failure

Pitt B. ESC Scientific Session 2010. Stockholm, Sweden



Baseline patient characteristics

RLY5016
30 g/day Placebo
(n=55) (n=49) P
Age (years) 68.318.6 68.2+10.5 0.940
Male (%) 53 69 0.108
BMI (kg/m?) 28.415.5 27.0+4.3 0.145
HF duration (years) 4.514.8 4.1+3.4 0.581
Ejection fraction (%) 39.6+11.7 41.2+11.8 0.561
NYHA class (%)
I 4 2
Il 53 57
1] 44 41 0.936
v 0 0
eGFR (mL/min) 84.1 78.1 0.360
Diabetes (%) 27 37 0.399

BMI = body mass index; eGFR = estimated glomerular filtration rate

HF = heart failure; NYHA = New York Heart Association

Pitt B. ESC Scientific Session 2010. Stockholm, Sweden



Baseline medications

RLY5016
30 g/day Placebo
(n=55) (n=49) P

No RAAS inhibitors or

B-blockers*, n (%) 0 2(4) NS

ACEI, ARB or 3-blocker

only, n (%) 13 (24) 9(18) NS

ACEI or ARB + B-blocker, 40 (73) 37 (76) NS

n (o/o)

ACEI + ARB + B-blocker, 2 (4) 1(2) NS

n (o/o)

Diuretics (Total), n (%) 41 (75) 36 (73) NS
Thiazide, n (%) 10 (18) 6 (12) NS
Loop, n (%) 32 (58) 27 (55) NS
Indapamide, n (%) 4 (7) 5(10) NS

*Eligible under criteria of discontinuation of RAAS inhibitor due to hyperkalemia

ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor blocker

NS = not statistically significant; RAAS = renin-angiotensin-aldosterone system

Pitt B. ESC Scientific Session 2010. Stockholm, Sweden



Change from baseline in serum potassium
by visit

LS mean serum potassium (mEg/L)

5.1 Spironolactone increased to
50 mg/day on Day 15 if potassium < 5.1 T
T PT
: 1
4.9 1 T i )
. |
4.7 RLY5016

©®—0 Placebo

4.5
4.3
41 1 1 1 : 1
0 7 14 21
Study day

*p<0.01; **p<0.001
Pitt B. ESC Scientific Session 2010. Stockholm, Sweden
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Proportion of patients receiving up-titration to
spironolactone 50 mg/day*

RLY5016
30 g/day Placebo
(n=55) (n=49) p

Patients receiving up-
titration to spironolactone 50 (91) 36 (74) 0.019
50 mg/day, n (%)

*Spironolactone titrated to 50 mg/day if serum potassium <5.1 mEg/L at Day 15

Pitt B. ESC Scientific Session 2010. Stockholm, Sweden



Summary of adverse events

RLY5016
30 g/day Placebo
(n=55) (n=49) P

At least one AE, n (%) 30 (54) 15 (31) 0.019
At least one GI AE, n (%) 12 (21) 3 (6) 0.028
SAEs, n (%) 2 (4) 2 (4) NS
Deaths, n (%) 0 1(2) NS
Discontinuations due to 4 (7) 3 (6) NS

AE, n (%)

No SAEs were deemed to be drug-related by the investigators
AE = adverse event; Gl = gastrointestinal; SAE = serious AE

Pitt B. ESC Scientific Session 2010. Stockholm, Sweden
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PROTECT STUDY DESIGN

Treatment phase Follow-up

LEGCLUGE -
30 mg IV All cause mortality
CVI/IRenal hosp All cause
mortality

Screening

« AHF & fluid
overload, need of
iv loop diuretic

. CrCl, 20-80
ﬂfm,n = Placebo IV \ J

I |
Days 7 14 60 180
r — =

Randomisation Kidney Function
Rolofylline to

placebo, 2:1

Metra M,, et al. Effects of Rolofylline in Patients with Acute Heart Failure Syndrome and Renal Impairment: Findings from the
PROTECT Study. ESC 2009




Inclusion/Exclusion Criteria

e Inclusion Criteria
Male or female; aged 218 years

History of heart failure of 214 days duration for which diuretic therapy
has been prescribed

BNP 2 500 pg/mL or NT-proBNP 2 2000 pg/mL

Hospitalized for AHFS requiring IV diuretics and anticipated need for IV
diuretics for at least 24 hours

Impaired renal function (CrCl 20-80 mL/min, Cockcroft—-Gault)
Systolic blood pressure >95 mm Hg (but < 160 mmHg) at randomization

- Key Exclusion Criteria
Severe pulmonary disease
Significant cardiac valve stenosis
Clinical evidence of ACS in the 2 weeks before screening
High risk for seizures (e.g., history of seizure, stroke within 2 years,
brain tumor, brain surgery within 2 years)

Metra M,, et al. Effects of Rolofylline in Patients with Acute Heart Failure Syndrome and Renal Impairment: Findings from the
PROTECT Study. ESC 2009




Primary Endpoint

Odds ratio (95% CIl) vs Pbo: 0.92 (0.78, 1.09)

2
-
2
3
O
5
e
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Placebo Ro 30 mg

M Treatment Success M Patient Unchanged " Treatment Failure

p=0.348 for comparison of distribution using the van Elteren extension of Wilcoxon test
Metra M,, et al. Effects of Rolofylline in Patients with Acute Heart Failure Syndrome and Renal Impairment: Findings from the
PROTECT Study. ESC 2009




Secondary Endpoint: Persistent Renal Impairment*

Odds ratio (95% CI) vs Pbo: 1.11 (0.85, 1.46); p = 0.441

15.0

2
2
©
O
©
e
-
S
&

Placebo Ro 30 mg

*Persistent renal impairment SCr t >0.3 mg/dL at both Day 7 and Day 14 or
initiation of hemofiltration or dialysis thrnugh Day 7, or death b

Metra M,, et al. Effects of Rolofylllne in Patients with Acute Heart Failure Syndrome anci Renal Impairment: Fmdmgs from the




Time to Death or CV or Renal Rehospitalization - Day 60

0.4-

| Hazard Ratio (95% CI) = 0.98 (0.83, 1.17)
0.3 P.value = 0.861

0.2

] — Placebo
0.1- — Rolofylline 30 mg

Cumulative Risk

0.0-

20 25 30 35 40 45 50 55 60 ¢
Study Day
Study Day T 30

No. of patients at risk
Placebo (N=67T) 857 566

Rolofylline (N=1358) 1322 1263 134

Death: Placebo 9.5% vs rolofylline 8.9%
Re-hospitalization: Placebo 25.6% vs rolofylline 25.7%

Metra M,, et al. Effects of Rolofylline in Patients with Acute Heart Failure Syndrome and Renal Impairment: Findings from the
PROTECT Study. ESC 2009










Acute Heart Failure (1 symptom AND 1 sign)
<24 hours after admission

2x2 factorial randomization

Low Dose (1 x oral) Low Dose (1 x oral) High Dose (2.5 x oral) High Dose (2.5 x oral)
Q12 IV bolus Continuous infusion Q12 |V bolus Continuous infusion

1) Change to oral diuretics

2) continue current strategy
3) 50% increase in dose

Co-primary endpoints
Clinical endpoints ,,;;{ .
















Ultrafiltration at 241 ml/hr for 12.3£ 12 hrs Standard C _

Mean furosemide dose of 181t 121 mg - 68 continuous/32 bolus
Creat> 0.3: 22.6% Ultrafiltration - 19.8% Diuretic (p=0.7)

& -
| 1 P=0.001
-

Weight Loss (kg)

o
4
|

J Ultrafiltration Diuretic
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Bilevel or continuous

Ultrafiltration:
positive airway pressure:

Aqua/natriuresis i

More efecsvaly remove Hv P y » » /) Preload reduction

sodium, conirol blood volume, N& ! : \deal for superimposed

and avoid refiex obsirucive sleep apnea

neurchormonal acivation see LR

wih loop diurecics

Nitrates, nitroprusside, Dobutamine,

dobutamine: dopamine, milrinone:
Arterial vasodilation _ d Increased inotropy
A7 > Reserved for low cardiac
OLEpLE syndrome

Balanced & avoid

“ .l T N . \ "'-
argnalvenous fiow '
miemaich .
Nitrates, morphine: - Furosemide:
Venadilation Natriuresis
*Go low, go show”

Avoid or remove major precipitants: cardiac ischemia, sodium excess, NSAIDS, TZ0s,
indinated intravascular contrast, medication non-compliance, abrupt diuresis with high-dose loop
diurectics

Cardiorenal Syndromes

Ronco C, Bellomo R, McCullough PA (eds): Cardiorenal Syndromes in Critical Care.
Contrib Nephrol. Basel, Karger, 2010, vol 165, pp 101-111



