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Technology

40 years of CRRT
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HOSPAL PRISMA

Features:

Self loading of lines and autopriming of the
circuit. Treatments performed: CVVH-CVVHD -
CVVHDF with large capacity of fluid handling.
Large display for operations.
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From ECU to Omni: a long way
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From ECU to Omni: a long way
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Techniques

SCUF

CVVH

CVVHD

Qb= 100ml/min Qf=2-8ml/min

Qb = 100-200mVmin Qf= 10-30 ml/min
K = 15-45 L/24h

Qb = 100-200ml/min Qf= 2-4ml/min
Qd = 10-30 mI/min K = 15-45 L/24h

CVVHDF

Qb = 100-200ml/min Qf= 10-30 ml/min
Qd = 10-30m1l/min K = 20-50 L./24h

CVVHFD - SLEDD

Qb = 100-200ml/min Qf = 2-8ml/min
Qd = 50-200ml/min K = 40-60L/24h
Diffusion + Convection (Back Filtration)

CPF - PE

Qb = 100-200ml/min Pf= 20-30ml/min
Can be coupled with CVVH or CVVHD/F

CHP

— " —

Blood In v

Qb = 100-200ml/min Can be coupled with
CVVH or CVVHD/F

Qb = 100-200ml/min Pf=20-30ml/min Can
be coupled with CVVH or CVVHD/F

Qb = 200-300ml/min Qf = 50-100 mVmin
K= 60-120 L/24h




Technology in CRRT

Scores
Biomarkers
RISK IT-EMR
Assessment
Biochemistry
Physical
E- Alerts
CIinicaI Re|ative,
Diagnosis Absolute,
Non Renal
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Decision to start

prescription

Dose
Volume
Homeostasis
Organ support

,

Identification of
Therapy Targets

Automated
Data Collection

Training
Logistics
Finance
Staffing

Technique
Machineffilter
Dosef/fluids
Settings
Anticoagulation

\

Prescription
Decision to

modify
prescription

Integrated Data Evaluation
(CRRT + EMR)
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Assisted Dynamic
Prescription
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For QL > 15° = Re-evaluation,
intervention, change prescription
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Clinical Chemistry

Laboratory CRRT Machine
. N Ap
Data Signals
(1)
(1) Nurse Manual
v (3) Fully Biofeedback
Automatic
Biofeedback
(2) Nurse
....... (2) Authorized
"""" Biofeedback

Combined Data/Signal
Expert Analysis




Patient’s physiological requirements
— CRRT prescription
——— CRRT delivery

Vil
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Quantitative patient needs, treatment
prescription and delivery
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prescription and delivery

T Quantitative patient needs, treatment

prescription and delivery

& Quantitative patient needs, treatment



Leading Science of CRRT in Vicenza

First Adult CAVH in Vicenza 1977 First Neonate CAVH in Vicenza 1982




In Vitro
Studies on
minifilters
and new
fiber
1979
1977 1981
Search fo First circuit
minifilters for CAVH in
And visit to neonate
Amicon

40 years of Pediatric CRRT

First world
treatment
of neonate
with CAVH
In Vicenza

1982

1988

CAVH + ECMO
Uf control S.

Mini Filter
plus and
First CAVHD

Pediatric
circuits in
adult
machines

2002

2008

Prototypes
and drawing
of a neonatal

machine

New project

CARPEDIEM

2010

2013

First world
treatment
with
CE-Marked
CARPEDIEM
licensed for
human use

Vicenza 2013




From a sketch and project to the Final Machine
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e The NSI Alliance

We,

The Participants of the Vicenza 2015 Nomenclature
Standardisation Initiative (NSI), agree to make any possible effort to
standardize the nomenclature of continuous renal replacement therapies and
to homogenize its terminology in manuscripts, booKks, machine software and

data collection registries of the future. A FRESENIUS
The initiative is designed to facilitate the comprehension of the s &) A4
real meaning of each term, to make different papers comparable, to improve SPECTRAL Z v MEDICAL CARE
training in CRRT techniques and enhance the usability of related Medical |'=
equipment. p
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Demand

The Future of CRRT

Capacity

PATIENT IDENTIFICATION

Demand-capacity balance

Disease burden

Solute load

e
o

Volume load
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Demand

Capacity

Capacity

%

M AN

Capacity Demand

Gap {

Capacity Demand




Extracorporeal circuits

4 Antithrombogenic

4 Anti microbial properties

4 Temperature self adjusting

4 Collapsable (minimum storage volume)

4 Biodegradable (minimum wasting)



Devices, MOST and ECOS

4 Fluid Balance control
4 New Membranes

4 New sorbent devices
4 Wearable devices

4 Population.specific therapies



Multiple Organ Support in Critical lliness and Sepsis

Critical Care
Medicine

HEART
REVIEWS
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ECCO,R

Neuro-Hormons - Brain Perfusion an d
Pulmonary. Circulation A

SCUF
v
. Lung-Kidney
Lung-Kld'ney Interaction
Interaction
Systemic Circulation CVVH
CVVHD
CVVHDF
SLED
Peripheral Organ v
perfusion/congestion
Cardio-renal - \/
Syndromes
Hepato-renal Gut-Kidney

Syndrome
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Blood Volume 0

Variation
(%)

Mean
Art. Press.
(mmHg)

UF SCUF
0 4 0 6 12 18 24

Hours of observation

Major axis == tissue hydration, minor axis == soft tissue mass

STEADY STATE

Xe/H, Ohm/m

Severs

VECTOR MIGRATION
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Capillary

~-ee o Intravascular Refilling

Blood Volume
Ultrafiltration - Refilling

Extracorporeal Uf

Filter l

Relative Changes

Uf / Refilling rate
related hypotension

Blood Pressure

Blood Volume

Overall ECFV
related hypotension
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Sequential BIVA measurements
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The porosity of the membrane
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Effects of Surface Modification

Biocompatibility, Permeability, Non-fouling effect




Water sparing technologies
(Blue Planet Dialysis)

1.Regeneration

2.Double filtration
3.Physical-chemical processes
4.Recirculation

5.Sorbent technologies



ty Health Record

Patient/Machine Card

Cable / Wi-Fi
Computers on wheels

| >

Resident Medical Record

Virtual private Network C l d
With encrypted tunnel O u

Cloud Connectivity System



Machine Data Only

Filter Life

Treatment Downtime

Prescribed & Delivered Dose

Fluid Removal Parameters

Alarm Management

Summary

Prismaflex CRRT Management Report
Sample - Standard - Citrate
as of May 2018

Q. 1) What is our average filter life?

P ———————

i This Year This Montn =
50
33 49 .o 2 ~
P e e 48% 0
Target fiter if%e > 40 hours run Jut Aug Bep ©Oct  MNow Dec Jan Feb  AMar Apr Moy

Q. 2) How much lreatlnent time is lost?

! Tnis Year This Montn ‘ Loy
: % o ol -

Target < 15% ! Al e Oct Péor Dec Jan Febt wvar Ape Moy

Q. 3) How are we tracking toward our dosing target?

N e e e T T 40 £ 34 a 3 34 =

30

34 37 = 20

P onew  moomew 970 1 10
Target 20-25 dn Jul Apg Sep ©Oct MNov Dec Jon Fed Mar Apr Moy

Q. 4) How much fluid was removed per TreatmentDay?

P ——— ———————

E This Year This Month

i This Year This Montn : : sl
: 30
:ﬁ_,yms'o, -29%! % — 38
Target <5 AN i Aug Sep Oot Nov Dwa  Jon  Feb  Mar  Apr  Maw
May at a Glance
" Patients | Runtime(hours) |  Filters | Filters / TreatmentDay




Machine & EMR Data

CRRT Physician Report

Q. « 1) What was the timespan from ICU admission to CRRT start? »

A. 1 t
Timing of CRRT Initiation -

Q. « 2) How fluid-overioaded were patients after CRRT? »
Fluid Overload and Management, . e :
Ventilator and Vasopressor Duration ot | - :
Q. « 3) How many CRRT treatlnents started in AKIN Severity Stage 37 »
CRRT Initiation versus % ._,f___ ‘ -r-"-f”-"-:
KDIGO AKI Stage = EEEEE

Q. « 4) What % of CRRT pat:ents need RRT after hospital discharge? »
A 18% @

Frequency of RRT After CRRT o

Avacnge. 2by

o Target =%

July at a Glance

Summary @




The Future of CRRT

An integrated and multidisciplinary approach

There is a multiple organ involvement in critical iliness. Specific clinical
conditions may begin with impaired function of one organ, but
subsequent or iImmediate dysfunction In other organs can often
happen (cardio-renal, heart-lung disorders, hepato-renal and cardio-
pulmonary renal syndromes).

The diagnostic as well as therapeutic approach to the patient should
be multidisciplinary and complete (holistic?).




The Future of CRRT

An integrated and multidisciplinary approach

Patients who display clear indication for ECMO and are undergoing
such a complex therapy, may require further organ support with the
addition of renal replacement therapy by dialysis, liver support,
hemoperfusion for detoxification and so on.

There Is a clear need to explore the organ cross talk and the
Interactions between different organ systems involved in critical iliness.

At the same time, extracorporeal support and organ replacement
may become a more complete therapy Iif different functions are
combined in a fully integrated hardware.



The Future of CRRT

An integrated and multidisciplinary approach

Possible errors and negative effects induced by adoptive technology
where different organ support systems are utilized in a non-integrated
approach make extracorporeal therapies dangerous and inaccurate.

Fluid balance, solute removal, CO2 removal, aromatic aminoacid
removal, electrolyte and acid base equilibration, blood detoxification
and oxygenation should be definitely considered a continuum where the
artificial organ crosstalk is constant.

Variations in CO2 must take into account the use of buffers in
dialysis or the application of citrate as anticoagulant for a adequate
equilibrium of acid-base.



The Future of CRRT

An integrated and multidisciplinary approach

The future will probably lead to a unified hardware with special
circuitry that will allow to perform all different organ support therapies
on demand, simply escalating or de-escalating the complexity of the
system.

From ECMO and CRRT, a patient may be progressively moved to
ECCO2R and intermitted dialysis and finally even being discharged
with a softer form of organ support including chronic dialysis and
respiratory dialysis Iin case of non recovery or progression towards
chronic iliness.



The Future of CRRT

An integrated and multidisciplinary approach

Organ crosstalk required a multidisciplinary approach to the critically
Il patient. If Multiple Organ support therapy (MOST) is applied, artificial
organ crosstalk should also be considered by a task force of experts In
different disciplines to avoid negative interactions and unwanted side
effects. An integrated monitoring of patients, chemistry and machine
parameters will offer the basis for a smart biofeedback leading to
correction in prescription and delivery of extracorporeal organ support.



Altered hemodynamics

+ Venous congestion
=~ Low output - Hormonal alterations
Decreasad p‘na_r.fu-_s-.ﬁzl?_"‘“—'—-—-_.__hh e
Fluid overload Sympathetic activation
. ADH refease ‘\\\ Immune-mediated damage
Inflammiation
CRS Cytokine release
EndectheBal activation
Apoplosis & replacement fibrosis
*iwﬁ:ﬂﬁmiun —_— Eﬁﬂiﬁipnh [AKI-related alterations
Raspiratory acidosis T Alveclar-capillary parmeabifty
t Circulating madiators R&A activation
Inflammation & apopiosis e H,0 + Na retention
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Anaemia
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+ End-crgan micrecirculation
f+RVR

/ Ischemia / reperfusion
Hypozia
Inflammation

Hypercoagulabili
Cyiokine release ___,_._-—-—'f " o V
=a— Jxidative stress
Altered innative & adaptive response
Endathelial injury & extravasation




Altered hemodynamics

% Abdominal pressure
% Intrathoracic pressure

$ Venous congestion ————— ::Emune-mediated damage "
+CO iotrauma .
Raised ahdominal pressurs Systemic release of mediators »
Inflammation and apoptosis -I_'_""‘"‘-—-. Hormonal alterations -
Mechanical Eg;;.filj.'mpatheﬁn actwation -
ventilation TElease \ .
L]
; L]
i : : Sepsis Cannula-related alterations *
E’Emm ! '-EFE{I”HEI'D:I. Artificial surfacas Wenous obstruction *
- Cid mlun;dm Ians Catalyfic iron Ceclusive arterial hypoperfusion —= %
. i Hypercoagulabikty Cheolesterol embolism =
Continuous blood flow during VA-ECMO Mi Sscular chstruct Rhabdomyolysis & crush injury N
L3
L
L]
. AKI
L
' ﬁ Artificial surfaces ¥
— Hypercoagulabikt =
. 055 of micronutrients / — Thrombopenia d .
anfibiciics I catecholamines

Extracorporeal
liver support



Plasmapheresis

Risk of

- Oxygenator clotting
* Pulmonary embolism during YV-ECMO
* Artenial embolism during VA-ECMO

Risk of
-=— + Oxygenator clotting

* Pulmonary embolism during AV-ECCO,R

» Loss of micronutrients / /

antibiotics / catecholamines
» Volume expansion with
necessity of UFR adjustment

* Increased coagulability
with use of FFP

= Allergic reaction to
substitute solution

RRT

RRT-related alterations

» Loss of micronutrients /
antibiotics / catecholamines

* Hypophosphataemia

* Risk of hemolysis, thrombosis
and DIC when connected to
ECOS circuits

* Risk of Na overload,
hypocalcaemia, metabolic
alcalosis/acidosis during RCA

Interventions to prevent hemo-
dynamic instability during RRT

* UFR adjustment via monitoring
hematocrit changes

* Dialysate Na modeling
* Dialysate cooling




Organ Crosstalk

The case of Heart, Lungs and Kidney
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From Native to Artificial Organ Crosstalk

ECCO,R

VV-ECMO VA-ECMO
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