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Figure S1. Cardio-renal syndromes 

 
Panel A: Representation of the interactions between acute kidney injury, chronic kidney disease, acute heart injury and failure, and 

chronic heart failure. Each interact with the other and may fuel a vicious circle involving acute injury ultimately leading to chronic 

diseases, which are additional risk factors for acute-on-chronic organ injury. Panel B: Classification of the Type I-IV cardiorenal 

syndromes.  Note that Type V—systemic disease that may contribute both to kidney and cardiac abnormalities is not shown here1.
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Figure S2. Induced network analysis showing protein interactions, biochemical interactions, and gene regulatory 
interactions among proteomic biomarkers associated with incident heart failure in the HOMAGE cohort. 

Red squares indicate biomarkers previously identified as biomarkers of acute kidney injury or in the pathophysiology of acute kidney 

injury. ACE indicates angiotensin-converting enzyme; ADM, adrenomedullin; AGRP, agouti-related protein; BNP, B-type natriuretic 

peptide; AGT, angiotensinogen; CCL16, C-C motif chemokine 16; CEACAM8, carcinoembryonic antigen-related cell adhesion 

molecule 8; CERCAM, cerebral endothelial cell adhesion molecule; FAP, fibroblast activation protein alpha; FBLN1, fibulin-1; 

FGF23, fibroblast growth factor 23; GAL9, galectin 9; GALNT18, polypeptide N-acetylgalactosaminyltransferase 18; GDF-15, 

growth differentiation factor 15; GHRL, ghrelin; HNF1B, hepatocyte nuclear factor-1-β; IGFBP7, insulin-like growth factor-binding 

protein 7; LAMA1, laminin subunit alpha 1; LARGE, LARGE xylosyl- and glucuronyltransferase 1; LTA, lymphotoxin alpha; 

MMP-12, matrix metalloproteinase 12; NAGLU, N-acetyl-alpha-glucosaminidase; NF-κB, nuclear factor κB; OPN, osteopontin; 

PAR1, proteinase-activated receptor 1; PGF, placenta growth factor; PLC, perlecan; PLGF, placenta growth factor; RARRES2, 

retinoic acid receptor responder protein 2; SLAMF1, signalling lymphocytic activation molecule family member 1; SPON2, spondin-

2; TNFRSF, tumor necrosis factor receptor superfamily member; TRAF, TNF receptor associated factor 1; 

TRAILR2, trail receptor 2; TWEAK, tumor necrosis factor ligand superfamily member 12; UPAR, urokinase plasminogen activator 

surface receptor; VEGFA, vascular endothelial growth factor A; and VSIG2, v-set and immunoglobulin domain-containing protein 2. 

Adapted with permission from2. 
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Figure S3. Role of Galectin-3 in the type 3 cardiorenal syndrome. 

KO, knock-out. Blocking the Galectine-3 pathway (using the Galectine-3 inhibitor modified citrus pectin or in knock out mice for 

Galectine-3) prevented the cardiac consequences of acute kidney injury. Irradiated mice grafted with bone marrow from mice knock-

out for galectin-3 were also protected from cardiac damage suggesting that galectin-3 after acute kidney injury originated from bone-

marrow derived immune cells. Adapted from Prudhomme et al3. 
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Table S1. List of studies which identified an association between acute kidney injury and cardiovascular 
outcomes. Adapted from4. 

Study first 

author,  

Year Design Outcome 

Reported 

AKI Definition Population Subjects 

(AKI) 

CHF 

(%) 

IHD 

(%) 

Stroke 

(%) 

CKD 

(%) 

 

Bansal5 2018 Retrospective 

study of a 

national 

database 

Incident heart 

failure 

0.3-mg/dL or 
50% increase in 
serum creatinine 
concentration 
from baseline to 
the peak hospital 
value. 

Hospitalized 
US veterans  

without a 

history of heart 

failure 

150,434 

(50%) 

7070 

(4.7%) 

NA NA NA  

Blair6 2011 Post-hoc 

analysis of a 

randomized 

controlled 

trial 

Major adverse 

cardiovascular 

events 

Absolute increase 

in serum 

creatinine 

≥0.3mg/dl 

Worsening 

heart failure 

2021 

(279) 

2021 

(100) 

1425 

(71) 

NA 553 

(27) 

 

Chawla7 2014 Retrospective 

cohort from 

the veteran 

affairs 

database 

Major adverse 

cardiovascular 

events 

AKIN Criteria: 

Peak serum 

creatinine during 

admission at least 

1.5–1.9 times 

higher than 

baseline or an 

Veterans 28554 

(9633) 

2829 

(10) 

28554 

(100) 

653 (2) NA  
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increase of ≥0.3 

mg/dl (stage 1); 

an increase of at 

least 2.0–2.9 

times baseline 

(stage 2); or an 

increase of ≥3.0 

times baseline or 

≥4.0 mg/dl (stage 

3) 

Choi8 2010 Retrospective 
study from the 
Department of 
Veterans 
Affairs HIV 
Clinical Case 
Registry 
 

Heart failure 

and 

cardiovascular 

events 

AKIN Criteria: 

AKIN 1 – an 

serum creatinine 

increase of ≥0.3 

mg/dl, or a 

relative increase 

of 150%–200%; 

AKIN 2 – a 

relative increase 

of 200%–300%; 

AKIN 3 – a 

relative increase 

>300%, or in 

individuals with 

HIV infected 

persons 

17325 

(3060) 

358 (2) 1186 

(7) 

NA 1281 

(7) 
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an serum 

creatinine of ≥4.0 

mg/dl, an serum 

creatinine 

increase of 0.5 

mg/dl from 

baseline 

Damman9 2009 Post-hoc 
retrospective 
Study of a 
multicenter, 
randomized, 
open trial 

 

Heart failure 

admissions 

Absolute increase 

in serum 

creatinine >26.5 

mmol/L (>0.3 

mg/dl) in 

combination with 

>25% increase in 

serum creatinine 

between two time 

points 

Heart failure 

patients 

869 

(106) 

869 

(100) 

364 

(42) 

80 (9) NA  

Damman10 2014 Post-hoc 
retrospective 
Study of a 
multicenter, 
randomized, 
open trial 

 

Cardiovascular 
death or heart 
failure 
hospitalization  

Absolute increase 

in serum 

creatinine of 

≥26.5 mmol/L 

(≥0.3 mg/dl), 

together with a 

Heart failure 

patients 

3595 

(229) 

3595 

(100) 

884 

(25) 

321 (9) NA  
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relative increase 

in serum 

creatinine of 

≥25% between 

baseline and 8 

weeks 

Gammelager11  2014 Retrospective 
study from a 
population-
based medical 
registries 

 

Heart failure, 
myocardial 
infarction, 
and stroke 
 

KDIGO Criteria: 

Stage 1 – 1.5–1.9 

times serum 

creatinine 

increase versus 

baseline or ≥0.3 

mg/dl increase 

within 48 h; Stage 

2 – 2.0–2.9 times 

baseline; ≥3.0 

times baseline or 

increase in serum 

creatinine to ≥4.0 

mg/dl or initiation 

of renal 

replacement 

therapy 

Peri-Operative 

or ICU 

21556 

(4792) 

0 2620 

(12) 

0 1903 

(9) 
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Giacoppo12 2015 Post-hoc 
analysis of 2 
pooled 
randomized 
controlled 
trials 

Ischemic heart 

disease 

Absolute increase 

of serum 

creatinine ≥0.5 

mg/dl or relative 

increase ≥25% 

from baseline 

value within the 

first 72 h of 

intervention 

Patients with 

ischemic heart 

disease 

9512 

(1212) 

NA 9512 

(100) 

376 (4) 1702 

(18) 

 

Go13  2018 Retrospective 
study 

heart failure 
and 
atherosclerotic 
events  

 

Improving Global 
Outcomes 
(KDIGO) criteria 
demonstrating a 
difference 
between serial 
inpatient serum 
creatinine 
concentrations of 
0.3 mg/dl within 
48 hours and/or 
50% above 
preadmission 
baseline serum 
creatinine 
concentration  

 

Hospitalized 

patients 

2765 (9)  

 

1423 
(5)  

 

577 
(2)  

 

307 (1)  

 

NA  
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Goldberg14 2009 Prospective 
database 

 

Ischemic heart 

disease, heart 

failure 

Transient mild 

AKI - In this 

group, peak 

serum creatinine 

during hospital 

course was ≥0.3–

0.49 mg/dl higher 

than admission 

serum creatinine, 

but pre-discharge 

serum creatinine 

returned to a level 

that was 

<0.3mg/dl higher 

than admission 

creatinine; 

persistent mild 

AKI– where 

serum creatinine 

did not return to 

<0.3 mg/dl; 

transient 

moderate/severe 

AKI - peak serum 

creatinine 

Ischemic heart 

disease 

1957 

(294) 

368 

(19) 

1957 

(100) 

NA 338 

(17) 
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≥0.5mg/dl higher 

than admission 

creatinine, but 

pre-discharge 

returned <0.5 

mg/dl higher than 

admission serum 

creatinine; 

moderate/severe 

AKI– where 

serum creatinine 

did not return to 

<0.5 mg/dl 

Hansen15  2015  Major adverse 

cardiovascular 

events 

AKIN Criteria: 

Stage 1 – Increase 

in serum 

creatinine of ≥0.3 

mg/dl (26.5 

µmol/L) within 

48 h OR increase 

in serum 

creatinine of 1.5–

1.9 times 

baseline; Stage 2 

Adult elective 
cardiac 
surgery   

4742 

(1457) 

717 

(15) 

2651 

(56) 

282 6) 823 

(17) 
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– Increase in 

serum creatinine 

of 2.0–2.9 times 

baseline; Stage 3 

– Increase in 

serum creatinine 

of 3.0 times 

baseline OR 

increase in serum 

creatinine to ≥4.0 

mg/dl (353.6 

µmol/L) and 

satisfaction of at 

least stage 1 OR 

initiation of renal 

replacement 

therapy 

Holzmann16 2013  Stroke Postoperative 

serum creatinine 

that was the 

highest value 

during the entire 

postoperative 

period. Absolute 

Cardiac 

surgery 

23584 

(2764) 

943 (4) 23584 

(100) 

0 4481 

(19) 
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increases in 

serum creatinine: 

stage 1, 0.3–0.5 

mg/dl (26–

44 μmol/L); stage 

2, 0.5–1 mg/dl 

(44–88 μmol/L); 

and stage 3, ≥1 

mg/dl 

(≥88 μmol/L) 

James17 2011 Retrospective 

study from a 

national 

registry 

Stroke, IHD, 

CHF 

AKIN Criteria: 

AKI stage 1, ≥0.3 

mg/dl absolute or 

1.5- to 2.0-fold 

relative increase 

in serum 

creatinine; AKI 

stage 2, >2- to 3-

fold increase in 

serum creatinine; 

AKI stage 3, >3-

fold increase in 

SCr or serum 

creatinine ≥4.0 

CIN 14782 

(1420) 

2253 

(15) 

10617 

(72) 

1096 

(7) 

3543 

(24) 
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mg/dl with an 

acute rise of >0.5 

mg/dl 

Jose18 2006 Post-hoc 

analysis of a 

randomized 

controlled 

trial 

Cardiovascular 

mortality, 

ischemic heart 

disease, heart 

failure 

Increase in serum 

creatinine >0.3 

mg/dl from 

baseline 

Ischemic heart 

disease 

1854 

(223) 

108 (6) 1854 

(100) 

NA 610 

(33) 

 

Kim19 2014 Retrospective 

study 

Cardiovascular 

Mortality, 

ischemic heart 

disease 

serum creatinine 

≥25% or ≥0.5 

mg/dl from 

baseline within 72 

h after contrast 

exposure 

Chronic 
kidney disease 
patients 
undergoing 
percutaneous 
coronary 
intervention  

297 (55) NA 297 

(100) 

31 (10) 297 

(100) 

 

Lee20 2018 Retrospective 

cohort study 

Heart 

failure 

hospitalization 

Renal 
replacement 
therapy during 
hospitalization in 
the absence of 
any pre-
admission renal 
replacement 
therapy 

  

Dialysis-
requiring acute 
kidney injury  

 

1875 

(36) 

   1875 

(100) 
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Lindsay21 2003 Retrospective 

study 

Ischemic heart 

disease 

An increase in the 

serum creatinine 

of ≥50% from 

baseline after the 

intervention 

Ischemic heart 

disease 

5967 

(208) 

NA 5967 

(100) 

539 (9) 0  

Metra22 2008 Prospective 

observational 

study 

Cardiovascular 
mortality and 
heart failure 
hospitalisation  

A ≥0.3 mg/dl and 

a≥25% increase 

in serum 

creatinine from 

admission 

Heart failure 318 

(107) 

318 

(100) 

173 

(54) 

22 (7) NA  

Mielniczuk23  2009 Post-hoc 

analysis of a 

randomized 

controlled 

trial 

Cardiovascular 

Mortality, 

Stroke, 

ischemic heart 

disease, heart 

failure, stroke 

RIFLE Criteria: 

Decrease in eGFR 

of ≥25% 

compared with 

baseline 

Ischemic heart 

disease 

3795 

(184) 

182 (5) 3795 

(100) 

223 (6) NA  

Narula24 2014 Post-hoc 

analysis of a 

randomized 

controlled 

trial 

Major adverse 

cardiovascular 

events,  

Cardiovascular 

Mortality 

Increase in serum 

creatinine of ≥0.5 

mg/dl or a 25% 

relative rise in 

creatinine, within 

48 h after contrast 

exposure 

Ischemic heart 

disease 

(percutaneous 

coronary 

intervention) 

676 

(338) 

75 (11) 676 

(100) 

NA 138 

(20) 
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Olsson25 2013 Retrospective 

study from a 

national 

registry 

Heart failure Increase in 

postoperative 

serum creatinine 

values: stage 1 – 

0.3 to <0.5 mg/dl 

(26 to 

<44 μmol/L); 

stage 2 – 0.5 to 

<1 mg/dl (44 to 

<88 μmol/L); and 

stage 3 - ≥1 mg/dl 

(≥88 μmol/L) 

Cardiac 

surgery 

(coronary 

artery bypass 

grafting) 

24018 

(2779) 

0 24018 

(100) 

1153 

(5) 

NA  

Ozrazgat-

Baslanti26 

2016 Retrospective 

study 

Cardiovascular 

Mortality 

KDIGO Criteria: 

≥50% or 0.3 

mg/dl increase in 

serum creatinine 

relative to the 

reference value 

and stratified AKI 

severity based on 

the maximum 

change in serum 

creatinine during 

hospitalization 

Major surgery 45498 

(16854) 

2915 

(6) 

2727 

(6) 

3731 

(8) 

0  
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Ryden27 2014 Retrospective 

study from a 

national 

registry 

Ischemic heart 

disease 

Postoperative 

increase in serum 

creatinine: stage 1 

– 0.3–0.5 mg/dl 

(26–44 μmol/L); 

stage 2 – >0.5–1 

mg/dl (44–

88 μmol/L); stage 

3 – ≥1.0 mg/dl 

(≥88 μmol/L) 

Cardiac 

surgery 

(coronary 

artery bypass 

grafting) 

27929 

(3617) 

1117 

(4) 

27929 

(100) 

1396 

(5) 

5586 

(20) 

 

Shirakabe28 2012 Retrospective 

study 

Heart failure RIFLE Criteria: 

Class R – 

increase in serum 

creatinine ≥ 

1.5×baseline; 

Class I – increase 

in serum 

creatinine ≥ 

2.0×baseline; 

Class F – increase 

in serum 

creatinine ≥ 

3.0×baseline or ≥ 

4 mg/dl with an 

Acute heart 

failure 

500 

(344) 

500 

(100) 

201 

(40) 

NA NA  
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acute rise >0.5 

mg/dl 

Tsai29 2015 Retrospective 

study from a 

national 

databaser 

Ischemic heart 

disease 

ICD-9 Code Patients with 

carotid artery 

stents 

2849 

(86) 

275 

(10) 

281 

(10) 

2698 

(95) 

164 

(6) 

 

Uyarel30 2009 Retrospective 

study 

CVD Mortality An increase in 

serum creatinine 

level ≥ 0.5 mg/dl 

or ≥ 25% from 

baseline 

(admission) 

within 72 h of 

radiocontrast 

administration 

Ischemic heart 

disease 

(percutaneous 

coronary 

intervention) 

2521 

(630) 

154 (6) 2521 

(100) 

NA NA  

Watabe31 2014 Retrospective 

study 

MACE A ≥0.5 mg/dl 

and/or ≥25% 

absolute increase 

in serum 

creatinine from 

baseline 

Ischemic heart 

disease 

1059 

(164) 

151 

(14) 

1059 

(100) 

90 (8) 1059 

(100) 
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Wu32 2014 Retrospective 

study from a 

national 

database 

Stroke RIFLE Criteria: 

AKI was defined 

according to the 

RIFLE criteria 

Patients 
hospitalized 
with de novo  
dialysis-
requiring acute 
kidney injury 

8630 

(4315) 

1011 

(12) 

1305 

(15) 

0 1029 

(12) 
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Table S2. Management of renal and cardiovascular aspects of type 3 cardiorenal syndrome which are expected 
to improve outcomes. *compelling indication in chronic kidney disease and/or heart failure and reduced ejection fraction. 
 
Acute Phase Chronic Phase 
Treatment of the cause of acute kidney injury 
Prevention of recurrent/persistent acute kidney 
injury  

Prevention of recurrent acute kidney injury and 
progression toward chronic kidney disease 
 

  -Avoid nephrotoxic (e.g. aminoglycosides, 
nonsteroidal anti-inflammatory drugs, vancomycin 
etc).  
  -Fluid status optimization (avoid hypovolemia 
or fluid overload) 
  -Avoid and correct systemic hypotension 

  -Avoid nephrotoxic 
  -Fluid status optimization 
  -Treatment of systemic hypertension 
  -Diagnosis and correction of other risk factors for 
cardiovascular and renal events (e.g. smoke cessation, 
hyperlipidemia, diabetes )  
 
  -Consider renin angiotensin aldosterone system 
inhibitors (angiotensin converting enzyme inhibitors 
or angiotensin receptor blockers)33* .   
  -Consider SGLT2inhibitors in patients with diabetes 
and preexisting chronic kidney disease34,35,36,37  

 
Cardiac function optimization Prevention and treatment of heart failure 
  -Prevention and treatment of arrythmias 
  -Treatment of contributing factors for cardiac 
dysfunction (arrythmias, ischemia,  
  -Consider angiotensin converting enzyme 
inhibitors or angiotensin receptor blockers38 
  -Consider inotropes if cardiogenic shock 
  -Consider mechanical support if cardiogenic shock  
  -Prevention and treatment of electrolyte 
disturbances 

  -Treatment of systemic hypertension 
  -Diagnosis and correction of other risk factors for 
cardiovascular and renal events events (e.g. smoke 
cessation, hyperlipidemia, diabetes etc)39  
  -Prevention and treatment of electrolyte disturbances 
  -Treatment of contributing factors for cardiac failure 
(arrythmias, ischemia, diabetes etc) 
  -Consider renin angiotensin aldosterone system 
inhibitors for heart failure prevention38,40*.  
  -Consider SGLT2inhibitors in patients with diabetes 
and in patients with heart failure and reduced ejection 
fraction w/wo diabetes w/wo preexisting chronic 
kidney disease36,41 
 



 23

References 
  1.  Rangaswami J, Bhalla V, Blair JEA, et al. Cardiorenal Syndrome: Classification, Pathophysiology, Diagnosis, and Treatment 

Strategies: A Scientific Statement From the American Heart Association. Circulation 2019;139(16):e840–78.  

2.  Ferreira JP, Verdonschot J, Collier T, et al. Proteomic Bioprofiles and Mechanistic Pathways of Progression to Heart Failure. 
Circ Heart Fail 2019;12(5):e005897.  

3.  Prud’homme M, Coutrot M, Michel T, et al. Acute Kidney Injury Induces Remote Cardiac Damage and Dysfunction Through 
the Galectin-3 Pathway. JACC Basic Transl Sci 2019;4(6):717–32.  

4.  Odutayo A, Wong CX, Farkouh M, et al. AKI and Long-Term Risk for Cardiovascular Events and Mortality. J Am Soc Nephrol 
2017;28(1):377–87.  

5.  Bansal N, Matheny ME, Greevy RA, et al. Acute Kidney Injury and Risk of Incident Heart Failure Among US Veterans. Am J 
Kidney Dis 2018;71(2):236–45.  

6.  Blair JEA, Pang PS, Schrier RW, et al. Changes in renal function during hospitalization and soon after discharge in patients 
admitted for worsening heart failure in the placebo group of the EVEREST trial. Eur Heart J 2011;32(20):2563–72.  

7.  Chawla LS, Amdur RL, Shaw AD, Faselis C, Palant CE, Kimmel PL. Association between AKI and long-term renal and 
cardiovascular outcomes in United States veterans. Clin J Am Soc Nephrol 2014;9(3):448–56.  

8.  Choi AI, Li Y, Parikh C, Volberding PA, Shlipak MG. Long-term clinical consequences of acute kidney injury in the HIV-
infected. Kidney International 2010;78(5):478–85.  

9.  Damman K, Jaarsma T, Voors AA, et al. Both in- and out-hospital worsening of renal function predict outcome in patients with 
heart failure: results from the Coordinating Study Evaluating Outcome of Advising and Counseling in Heart Failure (COACH). 
Eur J Heart Fail 2009;11(9):847–54.  

10.  Damman K, Perez AC, Anand IS, et al. Worsening Renal Function and Outcome in Heart Failure Patients With Preserved 
Ejection Fraction and the Impact of Angiotensin Receptor Blocker Treatment. J Am Coll Cardiol 2014;64(11):1106–13.  

11.  Gammelager H, Christiansen CF, Johansen MB, Tønnesen E, Jespersen B, Sørensen HT. Three-year risk of cardiovascular 
disease among intensive care patients with acute kidney injury: a population-based cohort study. Crit Care 2014;18(5):492.  



 24

12.  Giacoppo D, Madhavan MV, Baber U, et al. Impact of Contrast-Induced Acute Kidney Injury After Percutaneous Coronary 
Intervention on Short- and Long-Term Outcomes: Pooled Analysis From the HORIZONS-AMI and ACUITY Trials. Circ 
Cardiovasc Interv 2015;8(8):e002475.  

13.  Go AS, Hsu C-Y, Yang J, et al. Acute Kidney Injury and Risk of Heart Failure and Atherosclerotic Events. Clin J Am Soc 
Nephrol 2018;13(6):833–41.  

14.  Goldberg A, Kogan E, Hammerman H, Markiewicz W, Aronson D. The impact of transient and persistent acute kidney injury on 
long-term outcomes after acute myocardial infarction. Kidney Int 2009;76(8):900–6.  

15.  Hansen MK, Gammelager H, Jacobsen C-J, et al. Acute Kidney Injury and Long-term Risk of Cardiovascular Events After 
Cardiac Surgery: A Population-Based Cohort Study. J Cardiothorac Vasc Anesth 2015;29(3):617–25.  

16.  Holzmann MJ, Rydén L, Sartipy U. Acute kidney injury and long-term risk of stroke after coronary artery bypass surgery. Int J 
Cardiol 2013;168(6):5405–10.  

17.  James MT, Ghali WA, Knudtson ML, et al. Associations between acute kidney injury and cardiovascular and renal outcomes 
after coronary angiography. Circulation 2011;123(4):409–16.  

18.  Jose P, Skali H, Anavekar N, et al. Increase in creatinine and cardiovascular risk in patients with systolic dysfunction after 
myocardial infarction. J Am Soc Nephrol 2006;17(10):2886–91.  

19.  Kim J-H, Yang JH, Choi S-H, et al. Predictors of outcomes of contrast-induced acute kidney injury after percutaneous coronary 
intervention in patients with chronic kidney disease. Am J Cardiol 2014;114(12):1830–5.  

20.  Lee BJ, Hsu C-Y, Parikh RV, et al. Non-recovery from dialysis-requiring acute kidney injury and short-term mortality and 
cardiovascular risk: a cohort study. BMC Nephrol 2018;19(1):134.  

21.  Lindsay J, Apple S, Pinnow EE, et al. Percutaneous coronary intervention-associated nephropathy foreshadows increased risk of 
late adverse events in patients with normal baseline serum creatinine. Catheter Cardiovasc Interv 2003;59(3):338–43.  

22.  Metra M, Nodari S, Parrinello G, et al. Worsening renal function in patients hospitalised for acute heart failure: clinical 
implications and prognostic significance. Eur J Heart Fail 2008;10(2):188–95.  



 25

23.  Mielniczuk LM, Pfeffer MA, Lewis EF, et al. Acute decline in renal function, inflammation, and cardiovascular risk after an 
acute coronary syndrome. Clin J Am Soc Nephrol 2009;4(11):1811–7.  

24.  Narula A, Mehran R, Weisz G, et al. Contrast-induced acute kidney injury after primary percutaneous coronary intervention: 
results from the HORIZONS-AMI substudy. Eur Heart J 2014;35(23):1533–40.  

25.  Olsson D, Sartipy U, Braunschweig F, Holzmann MJ. Acute kidney injury following coronary artery bypass surgery and long-
term risk of heart failure. Circ Heart Fail 2013;6(1):83–90.  

26.  Ozrazgat-Baslanti T, Thottakkara P, Huber M, et al. Acute and Chronic Kidney Disease and Cardiovascular Mortality After 
Major Surgery. Ann Surg 2016;264(6):987–96.  

27.  Rydén L, Ahnve S, Bell M, et al. Acute kidney injury after coronary artery bypass grafting and long-term risk of myocardial 
infarction and death. Int J Cardiol 2014;172(1):190–5.  

28.  Shirakabe A, Hata N, Kobayashi N, et al. Long-term prognostic impact after acute kidney injury in patients with acute heart 
failure. Int Heart J 2012;53(5):313–9.  

29.  Tsai M-L, Mao C-T, Chen D-Y, Hsieh I-C, Wen M-S, Chen T-H. Short- and long-term major cardiovascular adverse events in 
carotid artery interventions: a nationwide population-based cohort study in Taiwan. PLoS ONE 2015;10(3):e0121016.  

30.  Uyarel H, Cam N, Ergelen M, et al. Contrast-induced nephropathy in patients undergoing primary angioplasty for acute 
myocardial infarction: incidence, a simple risk score, and prognosis. Arch Med Sci 2009;5(4):550–8.  

31.  Watabe H, Sato A, Hoshi T, et al. Association of contrast-induced acute kidney injury with long-term cardiovascular events in 
acute coronary syndrome patients with chronic kidney disease undergoing emergent percutaneous coronary intervention. Int J 
Cardiol 2014;174(1):57–63.  

32.  Wu V-C, Wu C-H, Huang T-M, et al. Long-term risk of coronary events after AKI. J Am Soc Nephrol 2014;25(3):595–605.  

33.  CKD Evaluation and Management – KDIGO [Internet]. [cited 2020 Jan 11];Available from: https://kdigo.org/guidelines/ckd-
evaluation-and-management/ 

34.  Wanner C, Inzucchi SE, Lachin JM, et al. Empagliflozin and Progression of Kidney Disease in Type 2 Diabetes. N Engl J Med 
2016;375(4):323–34.  



 26

35.  Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and Cardiovascular and Renal Events in Type 2 Diabetes. N Engl J Med 
2017;377(7):644–57.  

36.  Perkovic V, Jardine MJ, Neal B, et al. Canagliflozin and Renal Outcomes in Type 2 Diabetes and Nephropathy. N Engl J Med 
2019;380(24):2295–306.  

37.  Wiviott SD, Raz I, Bonaca MP, et al. Dapagliflozin and Cardiovascular Outcomes in Type 2 Diabetes. N Engl J Med 
2019;380(4):347–57.  

38.  Gayat E, Hollinger A, Cariou A, et al. Impact of angiotensin-converting enzyme inhibitors or receptor blockers on post-ICU 
discharge outcome in patients with acute kidney injury. Intensive Care Med 2018; 

39.  Rossignol P, Hernandez AF, Solomon SD, Zannad F. Heart failure drug treatment. Lancet 2019;393(10175):1034–44.  

40.  Brar S, Ye F, James MT, et al. Association of Angiotensin-Converting Enzyme Inhibitor or Angiotensin Receptor Blocker Use 
With Outcomes After Acute Kidney Injury. JAMA Intern Med 2018;178(12):1681–90.  

41.  McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in Patients with Heart Failure and Reduced Ejection Fraction. N 
Engl J Med 2019;381(21):1995–2008.  

 


