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AKIl: Definizione

AKI

AKD

CKD

1 serum creatinine level of =20.3 mg/dl

1 serum creatinine level 21.5 times baseline

Urine output <0.5 ml/kg/h

Persistent AKI for

Persistent kidney disease for

< 48 hours

< 7 days

> 6 hours

7-90 days

>90 days




AKI: Stadiazione

Table 1

Classification/staging system for acute kidney injury

erm ass/sta erum creatinine critera rine ou criteria
1 Classistage S t it U tput crit

RIFLE Class R Serum creatining increase to 1.5-fold or GFR decrease >25% <0.5 ml/kg/hour far & haurs
from baseline

Class | Serum creatining increase to 2-fold or GFR decrease >50% <0.5 ml/kg/hour for 12 hours
from baseline

Class F Serum creatinine to 3-fold, GFR decrease >75% from baseline Anuria for 12 hours
or serum creatinine 24 mg/dl (z 354 pumoll) with an acute increase of
al least 0.5 mg/dl (44 pmol/l)

AKIN Stage 1 Serum creatinine increase 20.3 mg/dl (z26.4 pmol/l) or increase <0.5 ml/kg per hour for 6 hours
to 1.5-fold 10 2-fold from baseline
Stage 2 Serum creatining increase >2-fold to 3-fold from baseline o . L
Stage 3 Serum creatining increase >3-fold from baseline or serum KDIGO: AKI classification and criteria
creztining 24.0 mg/dl (=354 pmal/) with an acute increase o
least 0.5 mg/dl (44 umol/) Severity Serum creatinine concentration Urine excretion
Meed for RRT oy -
1 1.9- to 1.9-fold within 7 d <0.5 mL/kg/h over a
or period >6 h
= (0.3 mg/dL within 48 h
2 2.0- to 2 9-fold <0.5 mL/kg/h for >12 h
J = 3-fold or serum creatinine = 4 mg/dL <0.3 mL/kg/h for >24 h
with an acute increase = 0.5 mg/dL oranuria >12 h

AKI, acute kidney injury; KDIGO, Kidney Disease: Improving Global Outcomes



Epidemiologia dell’AKI in UTIC
Exposures | Susceptioties

. ] ) ) ] . ) Sepsis Dehydration or volume depletion
Incidenza di AKI in pazienti ospedalizzati: 4-20% L
Critical iliness Advanced age
Incidenza di AKIl in terapia intensiva: >60% U SEEL ENELD Gl
Burns Black race
. . . . 0
Cardiac surgery Chronic diseases (heart, lung, liver)
100% Major noncardiac surgery  Diabetes mellitus
90% Nephrotoxic drugs Cancer
80% Radiocontrast agents Anemia
g 0%
g 50%
% e 45%
é s0% | AKI severity o
E 5 KDIGO stage 3 AKI
S 40% - u KDIGO stage 2 AKI 35%
g u KDIGO stage 1 AKI
£ 30% - 30%
359 / B Prevalence
w7 20% == Hospital mortality
10% -
15%
0% - T T T T
A R o
& 0% .
Admission diagnosis Jentzer 2020 AKlstape 0 AKistage 1 AKistape 2 AKI stape 3 Breen 2020




AKI: Eziologia

Shock — ADHF Ridotta PAM
>>-00% PRE-RENALE I[povolemia Aumento PVC

5% POST-RENALE Ostruzmng vie escre_tr|C| Eco apparato urinario
(globo, idronefrosi)
- Necrosi tubulare acuta
(mdc, sostanze tossiche,

shock, sepsi)

- Nefrite interstiziale (farmaci) Antibiotici, PPI
35-40% RENALE - Glomerulonefrite Sedimento, ANA, ANCA,
- Vasculite C3-C4
- Occlusione acuta arteria/vena Doppler
renale



European Heart Journal (2010) 31, 703-711 CLINICAL RESEARCH
sumorean doi:10.10%3/eurheartjlehp507 Heart far’l!urea‘cardr’omyopamy
ety of

Cardio-renal syndromes: report from the We considered definitions from the literature and used a specific
consensus conference of the Acute Dialysis

Quality Initiative

Claudio Ronco'?*, Peter McCullough3, Stefan D. Anker?3, Inder Anand5,

Nadia Aspromonte’, Sean M. Bagshaw?, Rinaldo Bellomo®, Tomas Ber', or chronic dysfunction in one organ may indyce acute or chronic

llona Bobek!, Dinna N. Cruz'2, Luciano Daliento!!, Andrew Davenport!2,

publicati{.‘un4 as template. We defined the broad term ‘cardio-renal

Mikko Haapio®, Hans Hillege', Andrew A. House', Nevin Katz'é, Alan Maisel!”, dysfunction of the gther'. We identified five subtypes of the syn-
Sunil Mankad'®, Pierluigi Zanco'®, Alexandre Mebazaa??, Alberto Palazzuoli?!, . ) . )

Federico Ronco'!, Andrew Shaw??, Geoff Sheinfeld?}, Sachin Soni'?4, I:II""::Im s {Tﬂm& ?}- Th elr paﬂ"l I.'}I'_'J h}'lﬂlﬂ'lcl'g'CE-l mEChaﬁ I5ms are
Giorgio Vescovo?5, Nereo ZamperettiZé, and Piotr Ponikowski?’ for the . R .

Acute Dialysis Quality Initiative (ADQI) consensus group ':IESEHI:'E":I in -FFEUI'E' ? :

Table 1. Classification of CR5 Based on the Consensus Conference of the Acute Dialysis Quality Initiative

Phenotype Nomenclature Description Clinical Examples CRS tipo 1:
Type 1 CRS Acute CRS HF resulting in AK] ACS resulting in cardiogenic shock and AKl, AHF resulting 25% dei pazienti
n A ospedalizzati per ADHF

Type 2 CRS Chronic CRS rIZEI;rJTtTll_I;I-IIIEI o Chronic HF (del quali || 60% ha CKD)
Type 3 CRS Acute renocardiac AFKI resulting im AHF HF in the setting of AKI from volume overload,

syndrome inflammatory surge, and metabolic disturbancas in uremia
Type 4 CRS Chronic renocandiac CKD resulting in chronic HF "WH and HF from CED-associated cardiomyopathy

syndrome
Type 5 CRS Secondary CR5 Systemic process resulting in HF | Amyloidosis, sepsis, cirfhosis

and kidney failure

ALCS indicates acute coronary syndrome; AHF, acute heart failure; AKl, acute kidney injury, CKD, chronic kidney disease; CR5, cardiorenal
syndrome; HE, heart failure; and LvH, left ventricular hiypertropiy.



CRS tipo 1: Patogenesi

Jr GC/FPR e T PVC

‘I SNS e RASS

‘T citochine inflammatorie
T ROS e J. NO

ACE-I ok !!!

INSUFFICIENZA INSUFFICIENZA
CARDIACA RENALE

Fluid Overload

Disionemie (‘T K e J-Ca), acidosi
Sindrome uremica, anemia
Inflammazione e stress ossidativo




CRS tipo 1: Patogenesi

Bassa portata e/o ..mm-ilm.m
Marcato aumento PVC/IAP e s
; l-\.t-.r-:-__f-.-mle : '._;;,':-". ._ : f
}L.__‘:]_:.. I = :
Ridotta Pressione Perfusione Renale "k :
(PPR = MAP — PVC/IAP) J'I
'l'i:ﬂ.' B2
interst! QO o
_eased I lar g (A e
incre ce with ‘- gl O
pres> .:lt:l'l'ln‘illl'f“E Ridotto Gradiente Filtrazione Renale s SR
(GF = MAP — 2 I1AP) ;
'"':-"2;-__,;-1___-\:'2._ o Ve Sl £ sk o




Indicazioni all’avvio di CRRT

. _metabolic Acidosis (pH <7.15)
. _Electrolytes (K >6.5 mEq/L or rapidly rising or ECG abnormalities)

Ingestion (certain alcohol or drug intoxications)
: Oliguria with fluid Overload / diuretic-resistant pulmonary Oedema

Uremia (pericarditis, encephalitis, neuropathy, bleeding)

c [o] = [m[[»

RENAL SUPPORT (prevenire € meglio che curare?)

Controllo dei soluti (creatinina,urea,citochine,lisi tumorale,mioglobina...)
Alterazioni dell’'equilibrio acido-base e degli elettroliti

Controllo della volemia e del bilancio idrico



- Alta probabilita
recupero renale
- Coagulopatia

- Carenza di - Severita AKI
accessi vascolari - Severita congestione
- Scarsa tolleranza - Multi Organ Failure
del paziente - lponatriemia

- Iperkaliemia

- Acidosi severa

- |perazotemia severa
- Trend creatinina



Algoritmo decisionale

Paziente ammesso in UCIC

l

Sono presenti indicazioni S/
assolute (AEIOU) ?

AN |

Istituto Internazionale di Ricerca Renale di Vicenza (IRRIV)

—

ANE—

E presente AKI?

S Ottimizzazione emodinamica
(volemia, gittata, PAM)

Nul

Ci sono potenziali
indicazioni non renali?

NO

A\ 4

Monitoraggio «

Sovraccarico fluidi refrattario
Shock settico refrattario
Insufficienza epatica acuta
Sindrome lisi tumorale grave
Disionie severe

Distermia

Tossine

’

Rivalutazione <
YA Considerare RRT
«adiuvante»

AKI stadio Ill o anuria?

AKI stadio | o |I7?

Ci sono condizioni
cliniche specifiche?

NO

Iniziare RRT

Considerare inizio RRT

s

S/

I

AKI in rapido peggioramento

Rapido peggioramento patologia di base
Stato ipercatabolico

Sepsi/Shock settico

Ipercapnia permissiva

Scarsa probabilita recupero in tempi brevi



Algoritmo decisionale

APPROCCIO
SEQUENZIALE

FLUIDI / ALBUMINA

OTTIMIZZAZIONE
EMODINAMICA

4

INOTROPI / VASODILATATORI

VASOPRESSORI

FUROSEMIDE ALTA DOSE

/NN TN

TERAPIA INFUSIONE CONTINUA
DIURETICA
BLOCCO SEQUENZIALE
@ SCUF
CRRT CVVH
CVVH-D



(1) Escludere ipovolemia
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(2a) Presenza di Fluid Overload




Pitfalls

1) Scarico idrico lento (LASIX o SCUF)

2) Monitoraggio (PA, FC, HCT)

3) Albumina ev
Albumin 20% ( 100 ml )

MW kD
100 mil Ja0 mil {gsm E:ﬁm mOsmil
COP 70 =100 mmHg
Vol esp 300 %
Half = life 16 -24 h

| sPace || 1s sPace

EXTRACELLULAR INTRACELLULAR SFACE
SPACE



Do not fill when elevated (restrictive mitral inflow with E/A=1.8 andfor E/E™=15).

A restrictive mitral inflow may be observed in young patients (low LV compliance).
E/E'was mainly validated in cardiac patients.

EDITORIAL

: : : ®
Using echocardiography to predict it

fluid-responsiveness and manage the need
for fluids

Antoine Vieillard-Baron'* ®, Florence Boissier’* and Michel Slama~*

© 2024 Sprnger-Verlag GmbH Germany, part of Springer Mature



/’ Assess Cardiac output Pre-
Post PLR to determine fluid

— POCUS responsiveness

Volume

Assessment

Cardiac output (mL/min) = Stroke Volume (mL/cycle) x Heart

Rate (bpm)
SV=1LVOTarea x LVOTVTI

B-lines and
pleural
effusion can
represent
interstitial lung
syndrome and

Carotid blood flow
a = (carotid
diameter)?/4
x velocity time
integral
% heart rate

| n Ja g
M e t :,"‘fl" [ Change >20%
! volume responsive

pulmonary
edema

Corrected carotid flow time= systole time,/vcycle time
Change > 15-25% suggest fluid responsive

IVC size & ClI

If IVC>2cm proceed for venous
congestion assessment (VExUS)

Hepatic vein
Doppler

Portal vein
Doppler

Intra-renal
Venous
Doppler

Relerences:

IVC<2cm

IVC>2cm
Veins NL
or Mild

IVC>2cm
One
severe
vein

IVC>2cm
2 severe
AbNL veins

Normal Mild Abnormality  Severe Abnormali,

Vi L}
§

*Atkinson P, Peach M, Lewis D. Just the Facts: The Five F's of Focused Echocardiography in Shock, CIEM
*Millington 51, Wiskar K, Hobbs H, Koenig 5. Risks and Benefits of Fluid Administration as Assessed by
Lltrasound. Chest,

*Beaubien-Souligny W, Rola P, Haycock K, et al. Quantifying systemic congestion with Point-0f-Care ultrasound:

developmen

t of the venous excess ultrasound grading system. Wtrasound J



Mormal Hepatic Wein Doppler: Mild Hepatic Vein Severe Hepatic Vein
=D Abnormality: 5<D Abnormality: 5 Reversal

S<D S wave
Reversal

Mormal Intrarenal Vein Mild Intraremnal Viein Severe Intrarenal Vein
Doppler Abnormality Abnormality

) { i . Meneanlinucyn e ]
[l T ] B wiihi Maonophasic Now with D

Morcphidle Flow !:i'rl.'.l.;r'_-fhlll:-:-':l: Phasen Unly Usariolic Fhase L

MNormal Mild Portal Vein Abnormality Severe Portal Vein
Portal Vein Doppler o S > Abnormality

n Ea -

o Ji¥ Fulsatility ; - )
Parleatility m sl > S5
Inchex Pulsalilibty

Ik x
"Pulsabity Indem= | imax-¥ mim s max




(3) Ottimizzare portata cardiaca e pressione arteriosa

Valutare la FLUID RESPONSIVNESS...

20

i

Markers Statici Indicatori dinamici
(PVCWP:VTD) (PPV, SVV,CAVA)
) | u
201 | [V | < )/ INTERAZIONE CUORE-POLMONI
o e 4 Waveforms by location of the 4 - e
0 = : pulmonary artery catheter i

Frecer baeaw

LEG RAISING TEST

N:_l pazients in -
respiro spontaneo -~

ocon aritmie % FLUID CHALLENGE




Invasive Cardiac Hemodynamics

Metric Calculation Markers of cardiogenic shock
Cardiac index (Cl) CO/body surface area <2.2 Umin/m?

Cardiac power output (CPQ) (MAP x CO)/451 <0.6W

Cardiac power index (CPI) (MAP x Cly/451 <0.4 W/m?

Pulse pressure systolic — diastolic blood pressure <25 mmHg

Systemic vascular resistance (SVR) [(MAP - CVP)/CO] x 80 variable

Right Ventricular Metrics

Calculation

Markers of RV dysfunction

Right atrial pressure (RAP) >10/15 mmHg
Right atrial pressure (RAP) / >0.86 (in acute MI)
Pulmonary capillary wedge pressure (PCWP) >0.63 (after LVAD)
Pulmonary artery pulsatility index (PAPI) (PASP-PADP) / RAP <0.9 (in acute M)
<1.85 (after LVAD)
Right ventricular stroke work index (RVSWI) 0.0136 x SVi x (mPAP-RAP) <6 g/m/beat/m?

Pulmonary Vascular Metrics Calculation Markers of pulmonary vascular disease
Transpulmonary pressure gradient (TPG) mPAP-PCWP =12 mmHg
Diastolic pulmonary gradient (DPG) PADP-PCWP 27 mmHg

18 BF




(4) Trial di terapia diuretica

- Risparmiatore
FUROSEMIDE IN INFUSIONE CONTINUA => BLOCCO NEFRONICO di potassio

(max 2g/die) SEQUENZIALE - Acetazolamide

- Metolazone

Diuretic sites of action

Manndcl,
acetazolamide Thiazide, Distal convolutad
metolazone tubule

p—l,

of Henla's loop

K O s H| OB a - Cause resistenza a
MEDULA | B H o HEH v furosemide:
—— I (el T - Ipoperfusione renale
g il & E 5 - eGFR basso
I: [ | : : Collecting - |poa|buminemia
™ Thick ml™ B . .
| ascending imb 4 1 = ACldl OrganICI
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Quando iniziare la CRRT? Evidenze

|[Effect of Early vs Delayed Initiation of Renal Replacement
Therapy on Mortality in Critically Ill Patients
|With Acute Kidney Injury

IINTERVENTIONS Early (within 8 hours of diagnosis of KDIGO stage 2; n = 112) or delayed
within 12 hours of stage 3 AKl or no initiation; n = 119) initiation of RRT.

RESULTS . Early initiation of RRT significantly reduced 90-day mortality (44 of 112
patients [39.3%]) compared with delayed initiation of RRT (65 of 119 patients [54.7%];

ORIGINAL ARTICLE

S

Timing of Initiation of Renal-Replacement
Therapy in Acute Kidney Injury

METHODS

We conducted a multinational, randomized, controlled trial involving critically ill
patients with severe acute kidney injury. Patients were randomly assigned to re-
ceive an accelerated strategy of renal-replacement therapy (in which therapy was
initiated within 12 hours after the patient had met eligibility criteria) or a standard
strategy (in which renal-replacement therapy was discouraged unless conventional
indications developed or acute kidney injury persisted for >72 hours). The primary
outcome was death from any cause at 90 days.

CONCLUSIONS
Among critically ill patients with acute kidney injury, an accelerated renal-replace-
ment strategy was not associated with a lower risk of death at 90 days than a
standard strategy. (Funded by the Canadian Institutes of Health Research and

Ly
The ELAIN Randomized Clinical Trial 4 (2075)

others; STARRT-AKI ClinicalTrials.gov number, NCT02568722.)

4
‘ ORIGINAL ARTICLE lr/lr/(go76 |
)

Initiation Strategies for Renal-Replacement
Therapy in the Intensive Care Unit

METHODS

In this multicenter randomized trial, we assigned patients with severe acute kidney
injury (Kidney Disease: Improving Global Outcomes [KDIGO] classification, stage 3
[stages range from 1 to 3, with higher stages indicating more severe kidney injury]) who
required mechanical ventilation, catecholamine infusion, or both and did not have a
potentially life-threatening complication directly related to renal failure to either an
early or a delayed strategy of renal-replacement therapy. With the early strategy, renal-
replacement therapy was started immediately after randomization. With the delayed
strategy, renal-replacement therapy was initiated if at least one of the following criteria
was met: severe hyperkalemia, metabolic acidosis, pulmonary edema, blood urea nitro-
gen level higher than 112 mg per deciliter, or oliguria for more than 72 hours after
randomization. The primary outcome was overall survival at day 60.

CONCLUSIONS

In a trial involving critically ill patients with severe acute kidney injury, we found no
significant difference with regard to mortality between an early and a delayed strategy

for the initiation of renal-replacement therapy. A delayed strategy averted the need for
renal-replacement therapy in an appreciable number of patients. (Funded by the "~ench

105

ORIGINAL ARTICLE AL

oy,
U 2

Timing of Renal-Replacement Therapy
in Patients with Acute Kidney Injury and Sepsis

CONCLUSIONS

Among patients with septic shock who had severe acute kidney injury, there was
no significant difference in overall mortality at 90 days between patients who were
assigned to an early strategy for the initiation of renal-replacement therapy and
those who were assigned to a delayed strategy. (Funded by the French Ministry of




Quale metodica scegliere?

METODICHE CONTINUE

METODICHE INTERMITTENTI

1. Slow Continuous Ultrafiltration (SCUF)

2. Continuous Veno-venous Haemofiltration (CVVH)

3. Continuous Veno-venous Haemodyalisis (CVVHD)

4. Continuous Veno-venous Haemodyafiltration (CVVHDF)

1. Intermittent Haeodyalisis (IHD)
2. Peritoneal dyalisis
3. Hybrid therapies

Mantenimento stabilita emodinamica
Scelta trattamento in base a molecole da rimuovere
Miglior controllo ionico e acido-base

Possibile mobilizzazione
< complicanze infettive ed emorragiche
Costi minori (circa 50%)

Paziente immobile
Complicanze catetere
Costi elevati

Instabilizzazione emodinamica
Fluttuazioni repentine P endocranica

Indicate in:
- Pazienti emodinamicamente instabili (2B)
- Pazienti con traumi cerebrali acuti o altre
cause di aumento pressione endocranica (2B)

Nessuna differenza in termini di mortalita




IHD = Qd 500-800 ml/min G = 1375 mgmin G = 13.75 g

KLV = 1.23
KD = 216 miimin KD = 30 misenin
T = 34 minubes K1 = 1.33 KV = 053

CVVHD = Qd 15-50 ml/min

:
é’
!

Thme: {min.x1000)

Maan arteral Blood valurmie
prassure, mm Hg  varistion, %

EUBABREZ BB5.58

o & 12 18 24 30 38 42 48
Time, hours of ahearvation

Ronce C., Brendolan A., Bellomo R.: Online Monitoring in confinuous renal
replacement therapies. Kidney International, Vol 56, Suppl. 72 (1999), pp 5-8



Principi di funzionamento

Attraverso la membrana del filtro il trasporto di acqua e soluti avviene sulla base di due principi differenti:

CONVEZIONE

0 o High

Blood :
returning TD' ogo° @, .pr %ugﬁ/ © %0 0w frEII‘I‘IUC’I(.:E'
to the i
patient 2 & Low pressure ‘{.?'I & patiam
A \&u @ Middle malecular weight
Ultrafiltrate @ Low molecular weight
| DIFFUSIONE [
o o o e %
Blood @ S _ae d-‘* . 0B o0 Blood
returning —| |9, @ @, o " 29 ) 'D":* from the
to the L &) '
o o L ]2y
patient Ve eg © gﬁ? o 1i":j'::n © B

;

B Dialysate inflow Spent dialysate
outflow

@ Middle molecular weight
@ Low molecular weight

L'acqua plasmatica si sposta per gradiente di
pressione (TMP) e «trascina» i soluti

Meccanismo alla base di
ULTRAFILTRAZIONE (SCUF)
EMOFILTRAZIONE (CVVH, CVVHDF)

| soluti attraversano la membrana per
differenza di concentrazione (P osmotica)
tra plasma e dialisato

Meccanismo alla base della
DIALISI (CVVHD, CVVHDF)



Reinfusione

1. PERCHE’ UNA REINFUSIONE?
v' Per rimpiazzare la grande quantita di UF prodotto (necessaria per clearance dei soluti per convezione)

v" Per permettere una depurazione plasmatica per diluizione (UF rimpiazzato da soluzione con
composizione simile all'acqua plasmatica «pulita»)

2. QUANDO REINFONDERE? Preferire PRE-DILUIZIONE se:
Hct elevato;

= Bassi flussi ematici (per accessi vascolari non ottimali)
= Necessita di alti tassi di filtrazione

= Problemi di coagulazione filtro

» CRRT senza anticoagulante

A. PRE-FILTRO (PRE-DILUIZIONE)
* Minor rischio coagulazione filtro (| Ht)
« Ridotta eliminazione dei soluti

B. POST-FILTRO (POST-DILUIZIONE)

« Maggiore eliminazione dei soluti — : : :
. Maggiore rischio di Coagu|azione filtro PreSCI'IZIonI Standard I‘emeSIone In CWH:

= Con Eparina: 1/3 reinfusione PRE — 2/3 POST
= Con Citrato: 100% reinfusione POST




Quale metodica scegliere?

CLEARENCE DIFFUSIVA

per molecole piccole (< 500 D) e con i flussi tipici della CRRT
(Qb 100-200 m/min e Qd 20-30 ml/min) la concentrazione
di soluto nel dialisato in uscita é simile a quella nel sangue in

Cl=Qd

CLEAREMNCE CONVETTIVA
dipende dal coefficiente di Sieving e da Quf (reinfusato)

Cl=QufxS

Coefficiente di Sleumg (s)

eil rapporto trala Acqua (1 8 Da)

concentrazione del soluto

nell’ultrafiltrato e quella
nell’acqua plasmatica

(5=1 per l'urea)

Molecole piccole (<500 Da)

Molecole medie (500-5.000 Da)
Molecole grandi (5.000-50.000 Da)

Diffusive Permeability (KoA)

(m]
§ 3
Diffusion Q, &t : c i
Convection 3 i
Sieving Coefficient (SC)
Urea VitBl12 Inulin B2-Microglobulin Albumin
(60) (1355) ({5200) (11800) (66000)

| | ]Illlll | ]IIIIIII | | IIIIIII

Molecular Weight

Dialisi meglio che filtrazione

Elettroliti, ioni H+, creatinina, urea,
litio

Dialisi (piu veloce) o filtrazione

Farmaci, vit B12, mioglobina Filtrazione meglio che dialisi

Citochine, complemento Filtrazione, adsorbimento



The NEW ENGLAND

35 P=0.99
ESTARLIZHED: [N 181F DCTORER E2, 20 VoL, 3 O LT 5|:|-

Intensity of Continuous Renal-Replacement Therapy Higher Imtensily

in Critically Il Patients

Lowaer intensity

Probability of Death (35)
-~

25+
METHODS 20+
We randomly assigned critically ill adults with acute kidney injury to continuous re- 15
nal-replacement therapy in the form of postdilution continuous venovenous hemo- 104 .'
diafiltration with an effluent flow of either 40 ml per kilogram of body weight per 5-
hour (higher intensity) or 25 ml per kilogram per hour (lower intensity). The primary 0 : : : : : : : : :

0 10 20 10 4 50 &l Lt} 80 80

outcome measure was death within 90 days after randomization.
Follow-up [days)

Figure 2. Kaplan=Meiser Estimates of the Probability of Death.
Martality at 28 days was similar in the higher-intensity and lower-intensity

treatment groups (38.5% and 36.9%, respectively), and maortality at 90 days
was the same (44.75) in both groups.

Best practice window: Qgge 20-40 mi/kg/h



Accesso Vascolare

(A) Catheter Shape

Scelta della sede: i —
1. Vena giugulare interna dx >>—”

2. Vena femorale (dx o sx) >>j
3. Vena giugulare interna sx

Curved Ends

4. Vena succlavia (solo brevi periodi - alto rischio stenosi) Qo
(B) Lumen Designs
" . " . Coaxial DoubleD  Cycle C Cylindrical Double Barrel Triple Lumen
Rischi v. femorale V. giugulare V. succlavia @ g B g Q Q B
Infezione elevata discreta meno frequentemente )T Dest
(10,72 dopo 1 ( 5,4 % dopo 3 settimane) (©)Tip Designs
settimana) Venous End Hole with Arterial Side Holes Shotgun Tips

(o 7 b —

Trombosi del vaso possibile discreta (20%) elevata (50%),
(rischio di Embolia per lo pil asintomatica: | sintomatica D=
polmonare) simomatica in presenza | solo in presenza di FAVI
di FAVI se la Trombosi | omolaterale

interessa v. anonima o
v.cava sup.

Diametro: 12-14 Fr
Malfunzionamento | frequente Poco requerts Poco frequente Lunghezza: 12-15 cm (VGldx)

15-20 cm (VGlsx)
=225 cm (vena femorale)




Anticoagulazione regionale con citrato (RCA)

INDICAZIONI - ~
~ CONTROINDICAZIONI
CRRT = / Moty - Insufficienza epatica acuta
\/ - Shock con ipoperfusione severa
- Grave ipossiemia
- J
Contraindication Fegional Citrate
to Citrate? Anticoagulation
& EVIDENZE R
- Rischio emorragico < UFH
sl Heparin - Durata filtro > UFH
- Non differenze di mortalita

JAMA | Original Investigation

anticoagulation and Mortality Among Critically Il Patients With Acute Kidney Injury
A Randomized Clinical Trial %
(Linee guida KDIGO 2012) c®

Effect of Regional Citrate Anticoagulation vs Systemic Heparin Anticoagulation
Proceed without During Continuous Kidney Replacement Therapy on Dialysis Filter Life Span




RCA: Metabolismo del Citrato

Complessi Ca-Citrato non filtrati (= 50%) METABOLISMO INSUFFICIENTE
arrivano al pz: CITRATE LOAD (insufficienza epatica, shock, ipossiemia)
4
A Citrato Calcio ’ ACCUMULO CA-Citrato
L4 /\
Acidosi metabolica |Ca++ ionizzato
Calcio-citrato
50%
50% Diff/convezione
Metabolismo ® SOSPETTA INTOSSICAZIONE CITRATO
¥ Ipocalcemia : : :
' { 1 Acidosi metabolica (pH<7.2 e/o BE<-5)
Ici Bicarbonat
Calcio icarbonato | .| Ca**<1.1 mmoll
Alcalosi metabolica -Ca,,, / Ca** > 2.5
STRATEGIE PER | CITRATE LOAD ‘
*? QrposT) €/0 Qp per teliminazione
«| mmol{/Lg (attenzione a Ca** post!) » Sospendere RCA
*| Qg (mai <100 ml/min) > Strategie per | citrate load

*Sostituire filtro se elvata TMP (clogging)




Sistema Fresenius Ci-Ca CVVHD - effetti metabolici

expectad Dlzarbonate concentation is tha serum (mmalT)
an = =

CVVHD con CiCa

Parametri iniziali:

- flusso sangue 100 ml/min
- flusso dialisato 2000 mi/h
- perdita oraria 50-100 mi/h

blood Now mi'ming

QL] 1500 20in 500 s i) 3500 Al

Citrato CI-C2 Diakysgte B2 (milh)

trisodico

Figura 1

Ca Totale / Ca lonizzato < 2.1

6 HCOY + 3 Ca*




Interruzione del trattamento

Furosemide does not improve renal recovery after hemofiltration
for acute renal failure in critically ill patients: A double blind
randomized controlled trial*

«Little is known about the proper time to withdraw CRRT and how to proceed in the
recovery phase of ARF. During CRRT, many patients show oliguria or anuria. Because
of that, physicians may be tempted to give diuretics when CRRT ends»

madication

w47 furpsEmide
—Mplacebo

=+ furossmde-censored
X placebo-censored

—
[=]
1

=]
£8)
1

70 pz in VM e CVVH x AKI (no CKD)

placebo vs lasix 0.5 mg/kg/h
mantenendo Bl in pareggio e PAM > 60 mmHg

Proportion of patients without renal recovery

: / ' ' y ) (Crit Care Med 2009 Vol. 37, No. 2)

Days to renal recovery or hospital discharge
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Recommendations regarding renal replacement
therapy in patients with acute heart failure

Recommendations Class® | Level® Ref*

Ultrafiltration may be considered for
patients with refractory congestion, :

wha failed to respond to diuretic- b ' SiF2
based strategies.

Renal replacement therapy should
be considered in patients with
refractory volume overload and
acute kidney injury.

2016 2021
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. . . i Multicentrico
Ulrafiltration Versus Intravenous Diuretics for

Patients Hospitalized for Acute Decompensated Heart Failure 200 Pz con SC e overload
Maria Rosa Costanzo, MD, FACC,* Maya E. Guglin, MD, FACC, } Lasix versus «early UF»
“Unresolved congestion may contribute \
to high rehospitalization rates»
240 ml/h
180120 di
mg/die x12+12h

Pz con 2 2 segni di congestione, senza SCA o instabilita emndinamica-i

End point 1° efficacia > CP e Dispneaad48 h I
End point 1° sicurezza > A Creat/Urea/QE ed Ipotensione a 48-72 h I
End poin 2° > ..., riospedalizzazioni |

L____________________
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A b C B Ubtrafiltration Arm M Stondord Care Arm
AT [ o <.
E 4 | “‘g o p > 0.05 af all ime points
g 3 m =50, CI = 0.8 kg { E
- 83 5 -
: r :
1 m =31, C1 £ 0.75 kg 5
) 00 = 84 :-E s
0 1 5 W
Ultrofiltrofion Arm Standard Core Arm E [
3

[ B =W LR Hedd Hofl TP Hia T Hatd
Sl s e =¥ P | ] Ha' Eafi Hailr Haid

Ipokaliemia 1% vs 12%

RIOSPEDALIZZAZIONE X SC A 3 MESI

4

18% VS 32% (P 0.03)

* Rimozione UF iso-osmotico _g'm'w'“““"f'“ﬂ“}
£
N % 60 Standard Care Arm (28 Events)
* Non attivazione RAAS aF
= 40;
T T . E'E 20 1 p - 0.037
* Ripristino sensibilita a lasix ~E
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Ultrafiltration Versus Intravenous Diuretics for
Patients Hospitalized for Acute Decompensated Heart Failure

Maria Bosa Costanzo, MD, FACC* .\-'1;!,1 E. ULI.[_,.UJ].. MDD, FACC 4
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The impact of ultrafiltration in acute decompensated heart failure: A systematic review
and meta-analysis

Nader Makki **, Seth Maliske?, Amy Blevins 2, Saket Girotra®, Peter Cram ™

All-cause morialkity
[E,:,nr;‘:,‘;‘::f; ol Hazard ratio & 95% CI
Badawy 2012 0.63[0,13-2.18 —
Hart 2005 126 [0 34-4 55| —_—
Bart 2012 1.40[0E3-2.15] —_—
Costanza 2011 060 [0,332-2 02 —_—
Hanna 2012 0BT [0.18-4.18] e Bl
overall 0.90 [0.60-1.61] -
Lirrafieration better Dieirafie batier
o100 1000 'Il:'“ﬂl.

Re-hospiElizaion for any cause

Hazard ratic :
b R &
[confidence interval] Hazardrado & Kl <!
Bart 2012 1680 58-2 84] P
Coglanza 2014 0,48 |0 23.0.83] —
Hanna 2042 1.33 0. 35-5.16] o
overall 0.96 [0.39-2.35] —--T-—
Uitraiftrstion better Dieiresie better
IR '] 100 10.0E

%



@Esc

European Society
of Cardiology

Recommendations regarding renal replacement
therapy in patients with acute heart failure

Recommendations Class® | Level® Ref*

Ultrafiltration may be considered for
patients with refractory congestion, :

wha failed to respond to diuretic- b ' SiF2
based strategi

Renal replacement therapy should
be considered in patients with
refractory volume overload and
acute kidney injury.

2016 2021

Importanza della
DECONGESTIONE!




@ESC

European Society
of Cardiology

Patients with moderate or severe CKD (National

Kidney Foundation stages 3b and 4)

CIN

Use of low-osmalar or

iso-osmolar contrast

media is

.
recommended #4298

It is recommended that

Total contrast

the volume of contrast volume/GFR
F.ecummendatinns for the prevention of contrast- media be <37c
induced nephropathy i mized 257208
Ingiatip-naive patients, Rosuvastatin
Recommendations Dose Class® | Level® ’ -
pre-treatrnent with high- [ 40/20 mg or

the risk of contrast-

It is recommended that all

patients are assessed for

induced nephropathy.

recommended.

Adequate hydration is

2018

Patients undergoing coronary angiography or MSCT

dose stating should be

) 191
considered.

atorvastatin 80

Mg

Patients with severe CKD (Mational Kidney Foundation

stage 4)

Pre- and post-hydration
with isotonic saline should

be considered if the
expected contrast volume
is =100 mL.

1 mlL/kg/h 12 h

before and con-
Sigugd fgr 24
after the proce-
dure (0.5 mL/
kg/h if LVEF
=35% or
NYHA =2).

P‘rnghzlar:tic haemofiltra-

tion & h before ccmelex
eembdeks

considerad *¥ 30

Fluid replace-
ment rate 1000
mLh without
negative loss
and saline
hydration con-
tinued for 24 h
after the
procedure.

Haemodialysis is not rec-

ommended as a preven-

tive measure 70301

As an alternative to the
pre- and post- hydration
regimen, tailored hydra-

tion reg':mensd may be

. 295-797
considered.

R
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The Prevention of Radiocontrast-Agent—
Induced Nephropathy by Hemofiltration
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Conclusioni

- CRRT come presidio per equilibrare omeostasi finché malattia di base & guarita:
non aumenta probabilita di guarigione, né del paziente né del rene, ma aiuta a
mantenerle in vita il paziente e preserva funzione di altri organi finché il sistema
recupera

- Salvo urgenze dialitiche e specifici contesti delicati, atteggiamento attendistico
nellavviare CRRT puo essere preferibile > APPROCCIO SEQUENZIALE,
guidato dall'emodinamica

- Meglio le metodiche continue, metodiche diffusive e convettive sono
sovrapponibili, la dose & «indifferente» entro certi limiti

- Al di la del metodo utilizzato, la decongestione € fondamentale



Prescrizione del trattamento (l)

1. TECNICA DI CRRT (SCUF — CVVH - CVVHD - CVVHDF): in base a molecole da rimuovere

2. ULTRAFILTRAZIONE NETTA (UFg7): bilancio negativo dei fluidi in ingresso e uscita dal circuito

CWH: QUF-QR CVVHD QD(OUT) = QD(lN) CVVHDF [QD(OUT)+QUF] - [QD(IN) + QR]

3. FRAZIONE DI FILTRAZIONE (FF): % acqua plasmatica filtrata nell’'unita di tempo (solo per convettive)
FF=Q,/Qg - mantenere <20-25% per evitare eccessiva emoconcentrazione e coagulazione filtro!

NB: se necessario Q r molto elevato per rapida rimozione di piccoli soluti meglio utilizzare metodiche diffusive, non vincolate da FF

4. MEMBRANA DEL FILTRO

« Materiale (polimeri naturali vs sintetici)
« Coefficiente di ultrafiltrazione (K g): determina velocita filtrazione e dimensioni molecole filtrate

» Cut off (massimo peso molecolare filtrato) e retenion onset (peso del soluto interamente filtrato)
Generalmente retention onset=2 Kd (vitB12) e cut-off=20 Kd (Bence-Jones)



Prescrizione del trattamento (Il)

5. DOSE DIALITICA

| flussi di emofiltrazione ed emodialisi («effluente» o Qggr) determinano la clearance dei soluti.

Prescrizione della dose dialitica = prescrizione Qggf, tenendo conto che:

- Metodiche convettive (CVVH, dove Qger=Qe): mantenere FF<20-25%
Metodiche diffusive (CVVHD, dove Qgee=Qpoyr)): relazione lineare tra flusso dialisato e clearance finche Qg/Qp<0,3

Best practice window: Qgge 20-40 mi/kg/h

NB: discrepanza dose prescritta-somministrata fino al 15% —->sovraprescrivere per compensare down-time!

6. LIQUIDI SOSTITUZIONE (diffusive) / REINFUSIONE (convettive) E REINFUSIONE PRE vs POST

7. ANTICOAGULAZIONE



Liquidi di sostituzione e soluzioni dializzanti

Caratteristiche comuni:
v' Composizione simile ai fluidi extracellulari (eccetto K+ e fosforo)
v" Contengono soluzioni tampone per correggere acidosi metabolica -

v Sterili | 4MEwK+ || 4 phmo“ill::rate ||2.5mEq9a2+|

Scelta della soluzione in base alla composizione: Phoxillum BK4/2.5
Replacement Solution for Continuous Renal Replacement T.hera}:q.qr
1- Elettrontica: Aﬂerreoog:lt;ii:.lﬂr:_c:n. Ar\;aznesium Sodium  Chloride  Bicarbonate Potassium  Phosphate  Dexfrose
. . . . ca* Mg Na- cr HCo, K HPO =
- Na+: isotoniche (140 mmol/L) vs ipotoniche (133 mmol/L) P e ——" —r— s

Theoretical osmolarity: 294 mOsm/L pH:7.0-85

- K*: variabile (2-4 mmol/L a seconda delle necessita)

- Mg™: ai limiti inferiori dei normali valori plasmatici (0.5-0.75 mmol/L)

- Ca**: deve essere ASSENTE in liquido di dialisi se anticoagulazione con calcio-citrato (concessa
bassa concentrazione solo in reinfsione post-diluizione)

- Fosfato: in alcune soluzioni di reinfusione per il trattamento dell’'ipofosfatemia

2. Soluzione tampone
- Bicarbonato: tampone piu fisiologico. Usare concentrazioni ridotte (HCO3 20 mmol/l) durante citrato
- Lattato: convertito in HCO3 a livello epatico e muscolare. Non usare se insuff epatica/iperlattacidemia
- Acetato: convertito in HCO3 a livello epatico e muscolare. Poco usato (instabilita di circolo).
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