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Increasing Frequency of Hospitalizations

and Need for Dialysis because of Kidney Disea

FIGURE 2. Age-adjusted hospitalization rates* for kidney
disease,t by type of kidney failure — National Hospital
Discharge Survey, United States, 1980-2005
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Bazed on International Classification of Diseases, Ninth Revision,
Clinical Modification codes 580-589, which include acute kidney dizsease,
acute renal failure, end-stage renal disease, chronic kidney failure, and
other kidney dizseases.

requiring AKI

Morb Mortal WKly Rep, 57: 309-12, 2008. Siew ED et al. Kidney international 2015.
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AKI: Epidemiology

V Over the past two decades, the increased availability of electrol
health records and large prospective cohorts of patients with Ak
have facilitated the study of this disease In different settings;

V Rapid increases in the incidence of AKI have been reported, highlighting a
growing contribution to the public health burden of advanced kidney disease

AKI (KDIGO definition) Is estimated to occurs in:

A18% of general hospitalizations and
Aup to 50% of ICU cases worldwide;

BienholzA etal.Fromthey S LIK N2 pomtdivii Qiersity of causes and clinical features of acute kidney injury. Clinical Kidney Journal 201!
SiewED et al. The growth of acute kidney injury: a rising tide or just closer attention to details? Kidney international 2015.
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Patients considered for eligibility in ED
(n=700)

Admission (T0)

Baseline clinical screening;
*Routine laboratory tests™;
osCr, NGAL;
«ED physician clinical judgement for suspected AKI ;
sMedications, urine output , nephrology consults and disposition

| T:6-12-24-48 and 72 (hours after admission ) |

sCr, NGAL;
medications, urinary output, nephrology consults, dialysis,ICU admission and mortality;

I
1

Excluded (n= 35):

«Did not consent (n = 8)
sWithdraws from study (n=21)
sNot admitted (n= 3)
sIncomplete data (n= 3)

Catania (n=193)
Patients considered for statistical analisys Genoa (n=200)
_ (n=665) Rome (n= 272)
& | B
Outcomes < e
NO AKI (n=616) Rl AKI (n=49)
«Preserved Renal Function (n = 461) *RIFLE °R" (n=9) In-hospital deaths
«Stable CKD (n=84) ‘RRsTal-d) (n=27)
Renal Dysfunction* (n= 71) 'Recover)f Jr o RIFLE "1 &F"(n= 6) ICU admission
*AKIN Criteria (n = 10) (n=11)
S. Di Somma et al. Critical Care 2013 ,17: R 29 «Oliguria (n = 14)

«RRT (n=2)

*see in the text methods section
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Why is AKI Important to Society

Drives Up Length of Stay And Hospital Costs

ANNUAL
IMPACT

$27.3M

ANNUAL AT 48% MODERATHO SEVERRAKI*? 0. 4%,)5 INPATIENT
AKI AVG LENGTHOF | VENUE
DIAGNOSES| INCREMENT STAY . READMISSION 7 0% OF NET
‘ IN ICU2* AL Cos7 INCREASE | RaTE ' INCOME

. ) 3 3

9,532 nys

LENGTHOF STAY
INCREASE

$29,800

[8] Brown JR et al. Impact of perioperataeute kidney injunas a severity index for thirigtay readmission after cardiac sery.
Ann Thorac Sur@014;97(1):11%7

[11] MassicotteeAzarniouch, Magder S, Goldberg P, Alam A. Acute Kidney Injury in the Intensive Care Unit: Risk Factorg
Outcomes of Physician Recognition Compared with KDIGO Classification. Poster presented at: Society of Critical Care
February 2016; Orlando, FL.

[12] American Hospital Directory Database, accessed Dec 2016 on 7,052 hospitals, data on file 146 FATI ENTS
*AKI diaghoses from AHD Database adjusted for diagnoses in ICU using assuingotigkidA Database (ICU beds per
hospital bed), Wunsch et al. (ICU LOS, % cardiovascular/respiratory compromised), and Hobson et al. (% moderate/sev RE ADMITTED
[13] Hobson CE, Ozrazeiaslanti T, Kuxhausen A, et. al. Cost and Mortality Associated With Postoperative Acute Kidrr

An 5 ry. 2014;0Q4
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Acute conditions associated with AKI

Exposures

¢ Sepsis

Susceptibilities

Dehydration and
volume depletion

¢ Critical illness

¢ Circulatory shock

e Burns

e Trauma

¢ Cardiac surgery (especially with
cardio-pulmonary bypass)

¢ Major non-cardiac surgery

¢ Nephrotoxic drugs

¢ Radiocontrast agents

¢ Poisonous plants and animals

Advanced age

Female gender

Black race

CKD

Chronic diseases (heart,
lung, liver)

Diabetes mellitus
Cancer

Anaemia

* Acute Heart Failure

Both Volume Depletion and or Congestion

BienholzA etal.Fromthey S LIK NB fodinHok \del: @isersity of causes and clinical features of acute kidney injury. Clinical Kidney Journal 2015.
SiewDE et al. The inexorable rise of AKI: can we bend the growth curve? J ANepbecol 2013.
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Temporal trends in Sepsis (a) and Heart Failure (b)

hospitalizations in US

7 Entire population Men Women

55

1993 I1994| 1995 l 1996I 1997' 1998I 1999| 2000' 2001 | 2002I 2003I
Year

—4— Male —— Female

SiewED et al. The growth of acute kidney injury: a rising tide or just closer attention to details? Kidney international 20
70 80 8 9 9 00 06
Years
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Comorbiditiesin heart failure with reduced, mid
range and preserved ejection fraction
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Diabetes  Thyroid Stroke COPD Anaemia  Obesity PAD
dysfunction International Journal of Cardiology 2018 271, 132-139
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KidneyDiseaseand Outcomein Heart Failure

Obesity

HFpEF
HE
HFIEF

——

—

0.39

Anaemia

Thyroid dysfunction

HFpEF

+

0.043

0,30

e

Diabeates

0.031

CKD

W
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HEpEF
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European HEﬂll]DI"I'H”
~Acute
Cardiovascular cupsrea
Cliical PracticelEducation are oioas

Europsan Hoat journat: Acuta Cardicvesshar Care

European Society of Cardiology [ —
. R s and ong:
- Acute Cardiovascular Care ot s oumararmssns
. . . DO 011 77048871 16633853
Association position paper on safe ““ﬁ"é‘““

discharge of acute heart failure patients
from the emergency department

Oscar Miré!, Frank W Peacock?, John ] McMurray?,
Héctor Bueno?, Michael Christ®, Alan S Maisel®,

Louise Cullen’, Martin R Cowie®?, Salvatore Di Somma®,
Francisco ] Martin Sanchez'?, Elke Platz'', Josep Masip'?,
Uwe Zeymer!?, Christiaan Vrints'4, Susanna Price!s,
Alexander Mebazaa'® and Christian Mueller'” for the
Acute Heart Failure Study Group of the ESC Acute
Cardiovascular Care Association

Table 2. Variables included in the Emergency Heart Failure Mortality Risk Grade Model formulated by Lee et al.*' Score calculation
for a particular patient can be done through a web calculator (https://ehmrg.ices.on.ca/#t/) which allocates patient in low (deciles |
to 4), medium (deciles 5 to 7) or high (deciles 8 to 10) risk category.

Variable? Unit of measurement

Age Continuous in years

Transported by EMS Categorical

Systolic blood pressure Continuous in mmHg (max = 160 mmHg)

Heart rate Continuous in beats/min (min = 80, max = 120 beats/min)

n Contiruous asfotmax = 9250
Creatinine Continuous as mg/d|
otassium Categorical: B
4.0 to 4.5 mmol/l

= 4.6 mmol/|

= 3.9 mmol/l

Troponin Categorical
Active cancer Categorical
Metolazone at home Categorical

SAPIENZA UC San Diego
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CardiorenalSyndrom¢CRS)

fa pathophysiological disorder of the heart and kidneys, in which acute or chronic
dysfunction of one organ may i nduce acut

Although cardiorenal syndrome was usually referred to as acute kidney dysfunction
following acute cardiac disease, it is now clearly established that impaired kidney
function can have an adverse impact on cardiac function.

Ronco C et al. Adv Chronic Kidney Dis.2018 Sep;25(5):382-390.

Table 1. Classification of CRS

Type Denomination Description Example

1 Acute cardlorenal Heart fallure leading to AKI Acute coronary syndrome leading to acute heart
and kidney faflure

2 Chronic cardlorenal Chronic heart fallure leading to kidney fallure  Chronic heart fallure

3 Acute nephrocardiac~ AKI leading to acute heart faflure Uremic cardiomyopathy AKI related

4 Chronic nephrocardiac  CKD leading to heart fatlure Left ventricular hypertrophy and diastolic heart
fatlure due to kidney fatlure

5 Secondary Systemic disease leading to heart and kidney Sepsis, vasculitls, diabetes mellitus

fatlure

Cardiorenal Syndrome: Review RONCO C  yiinaw Dis 2016:2:151-163

® |
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CR3ypel:Acute CRS

B Figure 1. Cardiac/Benal Syndrome® in Acute Heart Failure
Syndrome’ B Figure 2. Acute Heart Failure Syndrome and Heart Failure

Increased venous pressure Progression as Related to Cardiac/Renal Function™
with or without LCD

Hypothesiz With each hospitalizetion, there is

- rmyocardial andior renal damage that contnbutes

Decraased cardiae Msurchermonal tex the pragressan of heart failure. This tragectary
performance - i ; 1 IRl Mo oF change in response o therapies

thal prevent myocardal andior renal damags

Increased water
and Na* retention
{eangestion] e e
Hospitalization

Dacreased renal
perfusion

Impaired ranal

function Hospitalization

Hospitalization

Cardiac and/or Renal Function

Most patients do not have low cardiac output.
*Increasimg blood urea nitrogen, inthe presence of high filkng pressures (edema) aften -
related to high doses of loop diuretics

hadilisd from Sbrabam WT, Schrier BW. Adv intam Med. 1994 39023-47. Time

Am JManagCare. 2008 Dec;14(BuppManaged):S2786
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WRF angoor outcomein Heart Failure

Study or WRF Mo WRF weight, % Odds ratio ¥ Odds ratio
subgroup events total evends  total M-H, random (95% CI) M-H, random (95% CI)
Krumholz 119 469 235 1212 7.1 1.41 (1.10, 1.82)
Smith 35 185 27 227 5.0 1.73 (1.00, 2.98)
Forman 19 273 7 731 31 71.74(3.21, 18.62)
Akhter 45 119 68 36l 5.6 2.62 (1.66, 4.13)
De Silva 44 161 219 1,055 6.2 1.44 (0.98, 2.09)
Jose 58 223 316 1631 6.6 1.46 (1.06, 2.02)
Khan 628 2,060 879 4475 1.8 1.79(1.59, 2.02)
Cowie 26 98 35 201 48 1.71 (0.96, 3.05)
Owan 1095 1419 3215 4633 1.7 1.49(1.20, 1.71)
Cioffi 11 16 12 63 2.0 9.35 (2.73, 31.99)
Chittineni 10 107 17 402 3.4 2.33 (1.04, 5.26)
Iglesias 47 221 49 461 5.8 2.27 (1.47, 3.52)
Hata 29 275 1 101 0.9 1179 (1.58, 87.72)
Kedol 1,261 3581 5601 16,482 79 1.06 (0.98, 1.14)
Lassus 18 46 67 246 43 1.72 (0.89, 3.31)
Herout 25 252 16 515 43 3.43 (1.80, 6.56)
Damman 30 106 76 894 5.4 4.25 (262, 6.89)
Belziti 12 46 25 154 3.5 1.82 (0.83, 3.99)
Breidthardt 49 136 171 521 6.1 1.15(0.78, 1.71)
Voors 11 68 7 157 2.6 414 (1.53, 11.19)
Total (95% CI) 9,861 34,522 100 1.99 (1.63, 2.42)
Total events 3,572 11,043

Heterogeneity: T2 = 0.13, x% = 146.49, df. = 19 (p < 0.00001), = 87%

Test for overall effect: 7 = 6.81 (p < 0.00001)

NGAL: Ready for Routine Clinical Use? Blood Purif 2014;37:271-285
DOl 1001155/00036068%
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CR3ypel: outcome

Total enrolled patients (n = 103)

Patient’s excluded:
- Missing data (n=3)

Rome = 50 pts
Boston = 50 pts

Statistical analysis group (n= 100) —

NO WRF (n=75) WREF (n= 25)

Qut come

1
L |

In-hospital Death =0
Death 30 days follow-up =7
30 days rehospitalization = 14

L.O.S 5days L.O.S 12days

" \WRF: worsening renal function Di Somma et al.Clin Chem Lab Med. 2015
' Mar;53(4):613-21

In-hospital Death =5
Death 30 days follow-up = 6
30 days rehospitalizzation = 2

SAPIENZA Y FIARVARD — UCSan Diego
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Importance of early therapies for AHF

as consequence of prompt diagnosis

A In 46,59%atientswith ADHF (ADHERE)
A adelayin Treatment wasassociatedwith:

;ﬂwur»,{/«'_l. )\

A 250%m A Y rhotedini: S
AmMp s A Yengthdfastayh O | €

W.F.PeacockS. Di Sommat al. CongestHeartFail 2008
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European Heart Journal Advance Access published May 20, 2016

@ European HeartJourmal ESC GUIDELINES

rrrrrrrr doi?10.1093/eurheartj/ehw 128
[[[[[[[[[

@ 2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

The Task Force for the diagnosis and treatment of acute and chronic
heart failure of the European Society of Cardiology (ESC)

Developed with the special contribution of the Heart Failure
Association (HFA) of the ESC

Recommendations for the management of patients with acute heart failure: pharmacotherapy

Recommendations Class* | Levelt Ref*

Diuretics

Intravenous loop diuretics are recommended for all patients with AHF admitted with signs/symptoms of fluid overload to
improve symptoms. It is recommended to regularly monitor symptoms, urine output, renal function and electrolytes during
use of iv. diuretics.

Recommendations regarding monitoring of clinical
status of patients hospitalized due to acute heart failure

Frequent, often daily, measurement of

renal function (blood urea, creatining) and
electrolytes (potassium, sodium) during

i.v. therapy and when renin-angiotensin-
aldosterone system antagonists are initiated is
recommended.

()
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Diuretic dosageand kidney function

100
.\\
\\‘\‘
\\\
— m ™ \\‘—_
® N
: X
E e
a ~ -~
g N
va \\\
4 T - LowBUN g
E Low Loop Dose N
- __ HighBUN
" Low Loop Dose
Low BUN
40 b~ High Loop Dose
High BUN
~I1 High Loop Dose
1 1 1 1 1 1 1
0 200 400 600 800 1000 1,200 )
Time to deah (days) Seong Woo Han, etal.  (Korean Circ J 2011;41:565-574)
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Diuretic Resistance

Reduced GFR: Proximal DNel Concised
—Tames —— [PoemElson (65 70% N , Barriers | Potential solution
; ooy L Rebound | Sequential
Abnormal Discontinue ) ‘
glomerular NSAIDs, consider sodium | nephron blockade
hemodynamics | holding ACEIVARB retention | (Combination
diuretic therapy)
Low cardiac Hemodynamic i
output support ~arg
Chronic Increase LD dose R
kidney
disease or
functional Distal Nephron
renal . _Hyperfunction:
hypoperfusion e o0
Excessive Aldosterone
aldosterone- | antagonist. K+ -
< mediated sparing diuretic
Proximal Tubule sodium | (ENaC blocker)
Hyperfunction: retention
L L Po ution Excessive | Vasopressin
Neuro- ACEIARB vasopressin- | antagonist. free
hormenal mediated water restnction
activation water
Sodium-avid | Increased LD reRsnion
states doses, proximal
tubule diuretics
(i.e. acetazolamide)
Postdiuretic | Multiple daily doses, Loop of Henle
effect continuous LD Bhriatinin i
infusion Barriers | Potential solution

Excessive daily | Sedium restriction Braking effect | Higher LD doses

sodium intake

Jentzer J.C. etal JACC Nov 2;56(19):1527-34.
2010

(®)
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Type 1CardiorenalSyndrome:

Biomarkers Utility

Hemodynamically mediated damage

Decreased
pcrfusmn

Decreased
cO \nchascd
Exogenous factors venous
Contrast media pressure

ACE inhibitors

Diuretics Toxicity

Vasoconstriction

Acute renal injury

Acute hypoperfusion
Reduced oxygen delivery

Necrosis/apoptosis
becreased GFR

nce to ANP/BNP

Acute heart disease I Sympathetic =~-----.____
or procedures activation .

Acute decompensation
Ischemic insult
Coronary angiogra

Cardiac surgery b
= - Biomarkers

KIM-1

LI 3 Cystatin-C
Natri g A N-GAL
BNP Natriuresis : Creatinine
\Hurmonal/ :
B factors h
' Humoral ;
. signaling Cytokine
" Immune secretion
Caspase mediated .
activation . damage S
Apoptosis ---- Caspase *
activation
- Apoptosis
Monocyte — N_ o /T
activation Endothelial
activation Ronco C, et al. J Am Coll Cardiol. 2008;52:1527-.
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AKI:Diagnosis

Date of
release 2004 2007 2012
Baseline Not specifically defined. If not available, back- 48-h window Not specifically defined. If not available, use lowest
calculate a serum creatinine using an eGFR of serum creatinine during hospitalization, or calculate
75ml/min/1.73 m? using the MDRD equation SCr using MDRD assuming baseline eGFR 75 ml/
min/1.73m?> when there is no evidence of CKD
Time interval Diagnosis and staging: within 1-7 days and Diagnosis: within 48h Diagnosis: 50% increase in SCr within 7 days or
sustained more than 24h Staging: 1 week 0.3 mg/dl (26.5 pmol/l) within 48 h
Creatinine (urine output Creatinine (urine output
Criteria Creatinine Urine output criteria same) criteria same)
Stage  Risk Increased SCr 1.5-1.9 times baseline  <0.5ml/kg/h for 1 Increased SCr 1.5-1.9 times Increased SCr 1.5-1.9 times
or GFR decrease >25% 6-12h baseline baseline (7 days)
OR OR
=03 mg/dl (=26.5pmol/l) =03 mg/dl (=26.5 pmol/l)
increase increase (48 h)
Injury 2.0-2.9 times baseline or GFR <05ml/kg/h for 2 Same as RIFLE minus same as AKIN
decrease >50% =12h eGFR criteria
Failure 3.0 times baseline, GFR decrease <0.3ml/kg/h for 3 Same as RIFLE or on RRT. 3.0 times baseline,
>75%, or SCr =24h eGFR criteria removed OR
=4.0mg/dl (354 umol/l) with an OR Increase in SCr =4.0 mg/dl
acute rise of =0.5mg/dl (44 umol/l) Anuria for =12h (354 umol/1)
OR
Initiation of renal replacement
therapy
OR
For <18 years, decrease in
eGFR to <35ml/min per
1.73m?
Loss Persistent ARF = complete loss of Notable differences: Notable differences:
kidney function (need for dialysis) (1) Addition of 0.3 mg/dl absolute (1) Time frame differences for
=>4 weeks change in SCr to increase diag- absolute versus relative
nostic sensitivity changes in serum creatinine
(2) eGFR criteria removed (2) 0.5 mg/dl increase for those
(3) 48-h time window to ensure with SCr =4.0 mg/dl
acuity (also allows for inpatient (354 pmol/1) no longer
baseline values) required if minimum AKI
(4) Exclusion of Loss/ESKD cate- threshold met
gories as diagnostic criteria (3) Inclusion of eGFR criteria for
children
ESKD End-stage kidney disease
(>3 months)

BienholzA etal.Fromthey S LIK N2 pomEbAview:: Gidersity of causes and clinical features of acute kidney injury. Clinical Kidney

Journal 2015.

SAPIENZA

UNIVERSITA DI ROMA

UC San Diego

HEALTH SCIENCES

UNIVERSITY

GREAT

plobal research
B acute canditions team



Osermann and loanredis Cefenl Cae (201 6) 20299
OO 101 186751 3052-0158- 14782

Creatininecaveats

Critical Care

REVIEW

Open Access

Acute kidney injury 2016: diagnosis and W

diagnostic workup

Marlies Ostermann’ (3 and Michad Joannidis™

SAPIENZA
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Generation

creatine (in red meat)

g creatine

Clearance
glomerular filtration
no tubular resorption
some tubular secretion

guanidinoacetate «<—
(or glycocyamine)

Fig. 1 Generation and clearance of creatinine. Arg argining, Glyc glycine
.

UC San Diego e

HEALTH SCIENCES* UNIVERSITY




Caveats in using BNP

Curr Emerg Hosp Med Rep

DOT 10.1007/+40138.013.0009.3 Table 1 Factors affecting natriuretic peptide levels in patients with

HF along with “grey-zone™ values in diagnosing HF

HEART FAILURE (F PEACOCK, SECTION EDITOR)

BNP NT-proBNP

Biomarkers for Diagnosis and Prognosis of Acute Heart Failure —

Factors affecting NP levels
Rajiv Choudhary - Salvatore Di Somma -
Alan S. Maisel

. b
Renal disease

Diastolic dystfunction

Obesity* l l
Flash pulmonary edema® ! |
Other causes’ | |

Diagnostic cut-off
HF present (pg/ml) =400 <50 years: =450
50-75 years: =900
=75 years: =1800

HF absent (pg/ml) <100 <75 years: 125
=75 years: 450
Grey-zone (pg/ml) 100400 <50 years: 300450

50-75 years: 300-900
=75 years: 300-1800

BNP B-type natriuretic peptide, NT-proBNP amino-terminal B-type
natriuretic peptide

()
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mL/min

mg/h

+400 -
]

mg/100mL

120
100

80
G0

75

&5

55 1

45

35 4

+200

2.0

1.5

1.0

Importance of Time In Acute Kldney InJury

we need

[ GFR acuts

[ |
lll::rwe red |

GFR

htirine production

tirrire iltered
excrefed

Cumuwlative d

reatinine balance

o

o — I -

e concentration

aly

Day
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r 45
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+40

- +20

2.0

1.5

- 1.0

AKI biomarkersf o

In ACS Time is Myocardium !!

And we have trobonine

IN AKI Time is important to stop
the progression of nephrons death
We need Kidney troponineé .
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Acute Kidney Disease

|
f \
Full Recovery
Highly Susceptible e o (Baseline GFR > 90
Kidney Creatinine Domain mi/min and RFR >
(Baseline GFR > S0 (sCr KDIGO Clinical) 30 ml/min
mi/min and _—
RFR < 30 mi/min)
or Established CKD Kidney Recovery
(GFR > 60 ml/min)
Biomarker Domain
(Subclinical) ﬂ
\
) \
KDIGO Adaptive
Increased Risk Acute Kidney Injury Acute Kidney Injury Repair

JAcute Kidney Stress

(AKI with Damage) (AKI with dysfunction)

(AKS)
=D Apparent Full
@ Recovery
£ o (Baseline GFR > 90
=> => Orgnl Death ml/min and RFR
s Dialysis <30 ml/min
-t
=D \ CKD (GFR< 60 ml/min)
Maladaptive
Repair Sclerosis
Fibrosis

Recovery Patterns:
a) Early sustained reversal
b) Late reversal

Normal Kidney
Normal Baseline
GFR and intact RFR
(>30 ml/min)

SAPIENZA
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c) Relapsing AKI with recovery
d) Relapsing AKI without recovery
e) Non reversal

UC San Diego

HEALTH SCIENCES

Partial Recovery
(GFR < 60 ml/min)

Seminars in Nephrology 2019 39, 31-40DOI: (10.1016/j.semnephrol.2018.10.003)

UNIVERSITY




Entities of acute kidney injury syndrome

The most common and expensive kidney disease in hospital;

AKI with
filtration
dysfunction

L AKIE WITH

Subclinical AKI | AlSuig tubular
tubular - damage anc

filtration

damage
dysfunction

A AKI implies injury or damage but not necessarily dysfunction

A Functional criteria and damage criteria: new domain of AKI diagnosis
Roncoet al. Critical Care 2012,6:313 (-
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Biomarkers: Function x Lesion

A Function marker 7 Natriuretic A Function marker i creatinine and
Peptides. urine output

A Lesion marker i Hs troponins l&LeSiOH marker - TIMP-2 & IGFBP7

A lesion marker does not necessarily predict loss of function i nor should it !!!!
But a lesion marker STILL SHOULD GUIDE PATIENT MANAGEMENT!!!!I
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Functionaland DamageKidneyBiomarkers

Markers of
lomerular function

creatinine

lcystatin C

nepciain

\
. Markers of tubular
ProEnK alln . \ function / damage
~ ALP
= < a-GST
—— n-GST
v-GT

Markers of [ﬁ,

mﬂamr-natlon L-FABP NO DAMAGE DAMAGE PRESENT
& repair

5 a, / B, microglc
Calprotectln microRNA No functional changes Damage without
IL-18 NO FUNCTIONAL or damage loss of function
HGE :AtG g CHANGE
— etrin-
proenkephalin NGAL

RBP

TimP-2 FUNCTIONAL e B
CHANGE Loss of function Damage with loss o

without damage function

Fig. 2 Biomarkers of AKL a-G5T a glutathione S-transferase, AAP alanine aminopeptidase, ALP alkaline phosphatase, y-GT y-glutamyl transpeptidase,
n GST n glutathione S-transferase, HGF hepatocyte growth fator, IGFBP-7 insulin like growth factor binding protein 7, iL-18 interleukin 18, KiM-1
kidney injury molecule-1, L-FAB liver fatty acid-binding protein, NAG N-acetyl-B-oglucosaminidase, NGAL neutrophil gelatinase-associated lipocalin,
RBP retinol binding protein, TIMP2 tissue inhibitor metalloproteinase 2

Ostermann and Joannidis Critical Care (2016) 20:299
DOl 10.1186/513054-016-1478-z
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AKINESIS Study

This study sought to determine whether NGAL is superior to creatinine for prediction and/or
prognosis of WRF in hospitalized patients with AHF treated with intravenous diuretic agents.

METHODS:

This was a multicenter, prospective cohort study enrolling patients presenting with AHF requiring intravenous
diuretic agents. The primary outcome was whether plasma NGAL could predict the development of WRF, defined
as a sustained increase in plasma creatinine of 0.5 mg/dlorO50 % above first value or
replacement therapy, within the first 5 days of hospitalization. The main secondary outcome was in-hospital
adverse events.

RESULTS:

We enrolled 927 subjects (mean age, 68.5 years; 62% men). The primary outcome occurred in 72 subjects
(7.8%). Peak NGAL was more predictive than the first NGAL, but neither added significant diagnostic utility over
the first creatinine (areas under the curve: 0.656, 0.647, and 0.652, respectively). There were 235 adverse events
in 144 subjects. The first NGAL was a better predictor than peak NGAL, but similar to the first creatinine (areas
under the curve: 0.691, 0.653, and 0.686, respectively). In a post hoc analysis of subjects with an estimated
glomerular filtration rate <60 ml/min/1.73 m(2), a first NGAL <150 ng/ml indicated a low likelihood of adverse
events.

CONCLUSIONS:
Plasma NGAL was not superior to creatinine for the prediction of WRF or
adverse in-hospital outcomes. The use of plasma NGAL to diagnose acute

Kidney injury in AHF cannot be recommended at this time.
A.Maisel et al.J ACC 2016

@)
' SAPIENZA UC San Diego s GREAT

UNIVERSITA DI ROMA
HEALTH SCIENCES UNIVERSITY




JFURMAL OF THE AMERICAM COLLEGE OF CARDIGLOGY WOL. &%, MO 1, 20017

o 3017 BY THE AMERICAN COLLEGE OF CARDIOLOGEGY FOUMDATION 185 07351097 /438. 00
PUBLISHED BY ELSEWYIER AR A ef G 10 101E S| jac e 2016, 10,038
Proenkephalin, Renal Dysfunction, @

Creai s ark

and Prognosis Iin Patients With
Acute Heart Failure
A GREAT Network Study

Leong L. Mg, MD,*" lain B, Squire, MD*" Donald J.L. Jones, PaD,” Thong Huy Cao, MD, PaD,**

Dandel C.5. Chan, EMznSa, EM BS,*" Jatindemal K. Sandhu, MPa,*® Paulene A, Quinn, MPan,>"

Joan E. Davies, PED,*" Joachim Struck, PeD,? Oliver Hadmann, PeD,? Andreas Bemgmann, Pab,?

Alexandre Mebazaa, MD, PeD,” Etienne Gayat, PeD,” Matta Amrigo, MD® Eiichi Aldyama, MD,® Zaid Sabti, MD,’
Jens Lohrmann, MD," Raphael Twerenbald, MD," Thomas Herrmann, MD," Carmela Schumacher, MSc,!

Mikola Kozhuharov, MD," Christian Mueller, MD," on behalf of the GREAT Network

COMCLUSIONS PEMNK levels reflect cardiorenal status in acute HF and are prognostic for worsening renal function
and in-hospital mortality as well as mortality during follow-uwp. () Am Coll Cardiol 2017;69:56-69)
@ 2017 by the American College of Cardiology Foundation.
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ProEnkepahlin (penKid) is the strongest predictor of

WRF

In Acute Heart Failure patients

GREAT AHF Study
n=1,908

A Multicentric,
observational study in
patients with AHF
presenting to the ED
of participating
university hospitals in
3 countries

A 264 patients
developed WRF (rise
in plasma creatinine of
>26.5 mmol/l or 50%
higher than the
admission value)

SAPIENZA
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Forest plot of a multivable analysis

FIGURE 1 Predictors of WRF

P Value
Age NS
Male NS
PH Heart Failure NS
PH IHD NS
PH Hypertension NS
PH Renal Failure 004
PH Diabetes NS
Systolic BP 009
Heart Rate NS
| Plasma Urea NS |
Plasma Creatinine NS
Plasma Sodium 041
ACESfARB NS

Diuretic

Matriuretic Peptide
-
T

NS
. foc] e

f
0.25 0.5

Forest plots of a multivariable analysis shows odds ratio for clinical variables, natwriuretic peptides, and amino acids 119 to 159 of proenkephalin
A for prediction of worsening renal function (WRF) during initial hospitalization. ACE angiotensin-converting enzyme; ARB « angiotensin
receptor blodcker; BF = blood pressure; IHD = ischemic heart disease; PENK = proenkephalin A assay; PH = past history; NS = not significamt.
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Ng et al. (2017) J Am Coll Cardiol. 69(1):56-69.
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penKid in AHF

CENTRAL ILLUSTRATION Proenkephalin in Acute Heart Failure

| Diuresis . Kidney
T Blood function
volume
o *,
Worsening Increased
Acute heart renal PENK
failure function w
lCardiac /
output Enkephalin
| Kidney T secretion
perfusion

1 Enkephalin
secretion

Ng, L.L. et al. J Am Coll Cardiol. 2017;69(1):56-69.

Acute heart failure leads to reduced renal perfusion and worsening kidney function, which further exacerbates salt and fluid retention. Secretion of amino aads 119 to
159 of proenkephalin A (PENK) may be a counter-regulatory response to mitigate declining renal function, although extremely high levels may be cardiodepressive

d lead to further decline | L i
S G 0 T Wher cecine 1 remal pectiion Ng et al. (2017) J Am Coll Card

jol. 69(1):56-69.
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eedfor Congestiomrand Perfusionassessmen
IN AHFpatients

PATIENT WITH ACUTE HEART FAILURE

ic profiles

Bedside to identify b

PRESENCE OF CONGESTION®?

YES
(95% of all AHF patients)

‘Wet’ patient

!

NO
(5% of all AHF patients)

‘Dry’ patient

!

ADEQUATE PERIPHERAL PERFUSION?

"Wet and Warm’ patient
(typically elevated or
normal systolic
blood pressure)

// \
Vascular type — Cardiac type —
fluid redistribution fluid accumulation

Hypertension Congestion
predominates predominates

! !

*Vasodilator * Diuretic
* Diuretic *Vasodilator
* Ultrafiltration
(consider if diuretic
resistance)

SAPIENZA
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‘Dry and warm’ ‘Dry and cold’
Adequately perfused Hypoperfused,
= Compensated Hypovolemic

| !

Consider fluid challenge
Consider inotropic agent
if still hypoperfused

Adijust oral
therapy

‘Wet and Cold’ patient

Systolic blood pressure <30 mm Hg

s o

* Inotropic agent *Vasodilators
+ Consider vasopressor + Diuretics
in refractory cases + Consider inotropic
* Diuretic (when perfusion agent in refractory
corrected) cases
» Consider mechanical
circulatory support
if no response to drugs
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CONGESTION (+)

Pulmonary congestion
Orthopnoea/paroxysmal nocturnal dyspnoea
Peripheral (bilateral) cedema

Jugular venous dilatation

Congested hepatomegaly

Gut congestion, ascites

Hepatojugular reflux

CONGESTION (-)

HYPOPERFUSION (-) 7

WARM-DRY WARM-WET

7

HYPOPERFUSION (+)
Cold sweated excremities
Oliguria

Mental confusion

Dizziness
Narrow pulse pressure / CO
/ %

Hypoperfusion is not synonhymous with hypotension, but often hypoperfusion is accompanied by hypotension.

Figure 12.1 Clinical profiles of patients with acute heart failure based on the presencefabsence of congestion and/or hypoperfusion

European Heart Journal Advance Access published May 20, 2016
ESC GUIDELINES

European Heart Journal
urorean  doi:10.1093/eurheartjlehw128
sl or
oty

GREAT

global research
6n acute conditions team
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Congestiomnd Rehospitalization

Heart Failure Admissions- The

Revolving Door

& SAPTENZA
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AMain reason for

hospitalization for worsening
HF iIs related to symptoms
of congestion.

M. Gheorghiade et al. European Journal of Heart Failure (2010) 12, 4231 433
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Any Biomarkerof Congestion?

Adrenomedullin (ADM)

Key regulator and Biomarker of vascular function &
drug target for the causal treatment of vascular

dysfunction
Increase in plasma ADM Interstitium
Response of the body to
support vascular integrit

K XK reedtoson
@ Interstitial ADM acts on ML

Vasodilation P
vascular smooth muscle \ , t

Blood
cells (VSMC) and _%

regulates vasodilation

TemmesfeléWollbrucket al. (2007)r hrombHaemost 98(5):94451.
Hirataet al. (1996) ClinEndocrinoMetab. 81(4):144%3.
Ishizakeet al. (1994BiochenBiophysResCommun 200(1):64%.
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bio-ADM best reflects the degree of

clinical congestion at baseline

Diagnosis
ASeverity of clinical congestion at
baseline: bio-ADM 1.76 (1.561.99)  0.66 (0.62.69)

OR - 17695% CI (15699) Weight 1.53 (1.361.72) 0.60 (0.57.63)

Aadjusted*. OR — 1 4495% CI BNP 1.21 (1.091.35) 0.55 (0.520.58)
(1 . 25.1 ] 65) Blood urea nitrogen 1.12 (1.001.24) 0.55 (0.560.56)

Creatinine 1.05 (0.951.17) 0.51 (0.480.54)
Hemoglobin 1.00 (0.891.12) 0.50 (0.470.53)
Serum Albumin 0.74 (0.660.83) 0.59 (0.560.62)
Cholesterol 0.74 (0.66-0.83) 0.59 (0.580.62)

* adjustedfor BMI, serum albumin, total cholesterol, BNP,
history of atrial fibrillation and past heart failure
hospitalization

Kremer D et al., Eur J Heart Fail. 2018 Jun 22. doi: 10.1002/ejhf.1245.
PROTEGStudy Massieet al. (2010) NEJM. 363(15):1428.
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Open access Heart failure and cardiomyopathies

openheart Bioactive adrenomedullin,
proenkephalin A and clinical outcomes
in an acute heart failure setting

John Molvin,™? Amra Jujic,” ' Silvia Navarin,>* Olle Melander,>® Giada Zoccoli,>*

Oliver Hartmann,® Andreas Bergmann,® Joachim Struck,® Erasmus Bachus,®
Salvatore Di Somma,** Martin Magnusson’+?

Open Heart Table 4 Logistic regression model for in-hospital mortality for bio-ADM and penKid

Univariable Bivariable: BioADM Bivariable: PenKid

OR 95% CI P value OR 95% CI P value OR 95% Cl P value
e E;:g‘ﬁlmr e Age 1.04 0.99101.09 0.067 1.54 1.0310 2.31 0.037 216 14910313 <0.001
Sex 0.53 02410116 0.112 1.58 1.0510 2.37 0.028 219 1.53103.14 <0.001
Diabetes 0.85 0.37101.92 0.689 1.52 10110228 0.045 223 1.5610 3.19 <0.001
g 1000 SBP 0.89 09810 1.01 0.254 1.48 09810 225 0.063 228 1.59103.27 <0.001
2 ACE-i 0.60 02610 1.36 0.7 1.49 0.9910 2.23 0.056 2.24 15610 3.21 <0.001
a ARB 0.92 04610 1.81 0.798 1.51 1.01 1o 2.27 0.049 2.27 1.58103.25 <0.001
H . l Betablockers 0.20 0.09 to 0.46 <0.001 1.61 1.08 10 2.40 0.020 2.08 1.4410 3.00 <0.001
Prior HF 0.54 0.25t01.19 0127 1.63 1.0910 2.46 0.018 222 15610 3.15 <0.001
| Creatinine 197 1.27 10 2.46 0.001 1.38 09010 211 0.139 2.3 15110353 <0.001
e BMNP 1.28 0.851t01.92 0.235 1.42 0.9310 2.15 0.105 229 1.56 10 3.35 <0.001
" Smoking 0.43 01010 1.84 0.255 1.47 0.9710 2.21 0.067 2.25 1571t03.23 <0.001
" Periohacal asdama Prevalent AF 0.47 0.20to 1.09 0.078 1.50 10110225 0.047 218 1530311 <0.001
Figure 1 Distribution of bio-ADM according to signs of Imn-mu 190 100020 . 218 15ERsE .

peripheral oedema within each centre. HARVEST-Malma
n=301, 215 events (p<0.001), GREAT Network Rome n=208,
123 events (p=0.080). bio-ADM, bicactive adrenomedullin,
HARVEST, HeArt and bRain failure inVESTigation trial.
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bio-ADM: Companion Dxor
ADRECIZUMAB

TargetedTherapy CompanionDiagnostic |

sphingotest&bio-ADM assa
ADRECIZUMAB >Phing y
, H _ | = Shock A CEmarkedlVDtest for
A Phasell mEaryS_eptlcS oc measuremenbf the bioactivetarget
& AcuteHeartFailure

A Patientswill be stratified according

A ExpectedMarket Entry:2021 to their bio-ADM admissionevel
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Heart failure and cardiomyopathies

Open access

openheart Bioactive adrenomedullin,
proenkephalin A and clinical outcomes
in an acute heart failure setting

John Molvin,"? Amra Jujic,” 12 Silvia Navarin,®* Olle Melander,?® Giada Zoccoli,**
Oliver Hartmann,® Andreas Bergmann,® Joachim Struck,® Erasmus Bachus,’
Salvatore Di Somma,®* Martin Magnusson'?

WHARVEST-Mams
CIGREAT Hetwork Flomes

penkid
{praliL)
4
B8

1] LT

‘Waorsening renal function
Figure 2 Distribution of penKid according to worsening
renal function in each centre. HARVEST-Malmé n=323, 30
events (p=0.003), GREAT Network Rome n=178, 37 events
(p=0.050). PenKid, proenkephalin A 119-159HARVEST, HeArt
and bRain failure inVESTigation trial.
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* Comgastion sewarty

THoAnM | i " intensified |
| = T risi of reshosphaliEtion —
Chiesa py
= Lorger haompatel shay
Deconpestion = « Worsemneg reral Tunctian

T risk of in<hos pital mortalitg =

+ penkid

Figure 3 The clinical use of Bioactive adrenomedullin
(bio-ADM) and proenkephalin A 119-159 (penKid) for
management of heart failure.

Molvin J, ef al. Open Heart 2019;6:e001048. doi:10.1136/openhrt-2019-001048




Nexus IB 10Product Portfolio available 2019

Standardof Care

Biomarker BiomarkerCombinations

Sphingotec Biomarker

sphingdest®Troponin-99 sphingdest®Shortnessof Breath
NT-proBNP i Troponin-99 i
D-Dimer

sphingdest®penKid®

sphingdest®bio-ADM®sPhingdest®NT-proBNP

sphingdest®3-in-1 Cardiac

Sp mgdeSt Dimer Troponin-99 i CKMB i
Myoglobin

sphingdest®TSH

sphingdest®beta-hCG
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penKid® tracking AKI in AHF patients

N
re-AKI AKI AKI follow-up :
c P @ I @ RONId €5 Treatment
9 " non-responder
T penKid 1 _
8 @ sCr penKid { sCri
c
3
v st S 100 pmol/L
X
c
[}
o I Treatment
normal range responder
time
Relative Diagnosis Monitoring
Ch an g € Independent of commorbidities Dygirsnelcrﬁ;:};'ﬂ?gIi\;(ta:]spa?t;es
Relative changes in penKid® or inflammation, penKid® is success and kidney
enables early assessment of highly elevated in AKI patients normalization

worsening renal function

®
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Editorial
B‘Qod , Blood Purif 2014;38:1I Published online: February 13,2015
Purfication DOI: 10.1159/000375470

Cell Cycle Arrest Biomarkers:
New Weapons for A New Battle

Claudio Ronco

Department of Nephrology, Dialysis and Transplantation, International Renal Research Institute of Vicenza (IRRIV),
San Bortolo Hospital, Vicenza, Italy

Recently, the US Food and Drug Administration
made an important step forward in the battle against
AKTand its consequences. The FDA cleared the market-
ing of the NephroCheck Test (Astute Medical Inc., San
Diego, USA), a rapid test for the quantitative measure-
ment of the cell cycle arrest biomarkers Tissue Inhibitor
of Metalloproteinase - 2 (TIMP2) and Insulin-Like
Growth Factor Binding Protein — 7 (IGFBP7) [5]. The
combination of the two biomarkers ([TIMP2] .- [IGFBP7])
measured by the test seems to be highly predictive of
which patients will develop moderate to severe AKI in
the next 12-24 h.
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Kashani et al. Critical Care 2013, 17R25
httpy/ccforum.com/content/17/1/R25
@ CRITICAL CARE

RESEARCH Open Access

Discovery and validation of cell cycle arrest
biomarkers in human acute kidney injury

Kianoush Kashani', Ali Al-Khafaji?, Thomas Ardiles®, Antonio Artigas®, Sean M Bagshaw®, Max Bel, Azra Bihorac’,
Robert Birkhahn® Cynthia M Cely®, Lakhmir S Chawla'®, Danielle L Davison'®, Thorsten Feldkamp'", Lui G Forni®?,
Michelle Ng Gong'?, Kyle J Gunnerson'®, Michael Haase™, James Hackett'®, Patrick M Honore'”, Eric AJ Hoste'®,
Olivier Joannes-Boyau'®, Michael Joannidis®®, Patrick Kim?', Jay L Koyner”?, Daniel T Laskowitz”®, Matthew E Lissauer™,
Gemot Manx®, Peter A McCuIIoughz’s, Scott Mullaney”, Marlies Ostermann®®, Thomas Rimmelé®, Nathan | Shapiro”,
Andrew D Shaw™, Jing Shi*>, Amy M Sprague® Jean-Louis Vincent™, Christophe Vinsonneau®, Ludwig Wagner™,
Michael G Walker™, R Gentry Wilkerson®, Kai Zacharowski®® and John A Kellum®”

[TIMP-2]-[IGFBP7] —
Urine TIMP-2 —a—
Urine IGFBP7 —a—

Urine NGAL
Plasma Cystatin G ]
Urine KIM-1 ]
Plasma NGAL n
Urine IL-18 | |
Urine pi-GST |

Urine L-FABP |

0.5 0.6 0.7 0.8 0.9

AUC (with 85% CI)
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TIMP2

IGFBP7/

Cytokinesis
s
Mitosis (DNA
syntnesis)

Mitotic phase (M)

@ TIMP-2

a e

Reactive oxygen
species P
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Kashani et al. Critical Care 2013, 17:R25
http:/fecforum.com/content/17/1/R25
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Nephrol Dial Transplant (2014) 29: 2054-2061
doi: 10.1093/ndt/gfu292
Advance Access publication 18 September 2014

Nephrology Dialysis Transplantation

Original Articles

Derivation and validation of cutoffs for clinical use of cell
cycle arrest biomarkers

Eric AJ. Hoste', Peter A. McCullDughz’a, Kianoush Kashani®, Lakhmir S. Chawla*®, Michael Joannidis’,
Andrew D. Shaw®, Thorsten Feldkampg’m, Denise L. Uettwﬂler-Geiger”, Paul McCanhylz, Jing Shi®?,
Michael G. Walker'?, John A. Kellum' on behalf of the Sapphire Investigatorst
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http://nephrocheck.com/wp-content/uploads/2015/07/IGFBP.png
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Mechanisms and responses to injury in hea

failure:role of heart and Kidney biomarkers

Acute vascular dysfunction Congestion
capillaries t{\ '|

4 - _
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lood Alveoli p
% A3

J
T =
Fluid

Cardioprotection

Cardiac Fibrobl uced fibrosis |
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Role of Biomarkers for the Prevention, damage
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Assessment, and Management of Heart Failure ’ WQ.-}” e Apoptons IMP2+IGFB
A Scientific Statement From the American Heart Association \:‘ m-m.." ———————— =
anen Endothelial

)
SAPIENZA UCSan Diego ol GREAT

UNIVERSITA D1 ROMA e T O
HEALTH SCIENCES UNIVERSITY




AHF: pathophysiology and treatment

Neurohormonescan affectcardiac mmmm) Oafterl oad mismatec
function either directly or by modulating Interaction betwee_n a progressive
preload, afterload, natriuresis, and decrease of systolic function and an

diurESiS-ADH, antidiuretic hormone; ET1, endothelin-1; NPs, natriure%&)ﬁd!a@crease of vascular resistance.
RAAS, renin-angiotensinaldosterone system; SNS, sympathetic nervous system

diuretics

vasodilators

+
N L
preload/ ventricular natriuresis/
afterload contractio diuresis
3
--—/

RAAS, e NPs

SNS, ADH |
Vasodilators in ADHF @ Carlson and Eckman Journal of Cardiac Failure Vol. 19 No. 7 July 2013
UNIVERSITA DI ROMA UCSan Diego LUND G R EA T
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Vena-Vena Ultrafiltration 24 hours monitoring in intensive
Observation Unit for Cardiorenal Syndrome type |
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The (True) Value of Laboratory Medicine

Laboratory medicine is often misquoted as havin
a rolein 70 percent of clinical decisions

but how can we measure the true value, and mo
iImportantly, how can we improvetp
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Cost-Effectiveness of NPs use at ED:
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