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Continuous renal replacement therapy: Evolution in technology and
current nomenclature. The evolution of technology and biomaterials has
permittes a parallel development of renal replacement therapics in the
acute, critically ill patient. From the original description of continuous

replacement the
played its limita
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Introduction

modern dialysis today is performed using the work of Dr. Nils
Alwall. The Alwall dialyzer compressed blood-filled cellophane

arteriovenous hemofiltration (CAVH). new techniques such as continuous
venous venous hemofiltration (CVVH), hemodiafiltration (HDF) and
high flux dialysis (HFD) have been developed and clinically utilized. A
parallel improvement in efficiency has been achieved with daily clearances
of urea as high as 50 liters or more. The use of special highly permeable
dialyzers has also permitted increases in the clearances of larger solutes,
thus leading to significant removals of chemical substances involved the

ill patients are !
frequently resull
and inadequate
and Schneider

venous hemodis
similar to CAV

Support of renal functon in modern times encompasses a wide
array of methods and clinical scenarios, from the ambulatory
patient to the critically ill. The ability to safely and routinely
deliver ongoing organ support in the outpatient setting has, until
recently, separated renal replacement therapy from other organ
support. Renal replacement therapy (RRT) can be applied inter-
mittently or continuously using extracorporeal (hemodialysis)
or paracorporeal (peritoncal dialysis) methods. The purpose of

tubing between an inner and outer cylinder. Dialysate was passed
in the countercurrent direction to blood berween the cylinders.?
The authors describe dialysis in eight patients, including changes
in levels of non-protein nirogen (N.PN.), using countercur-
rent exchange berween blood and dialysis fluid that is still in use
today in RRT.

The peritoncum was noted to be a “living dialyzer” by
Dr. Tracey J. Putnam in 1923 in a series of experiments with
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Why is it important to have a consensus of terminology and nomenclature in
CRRT?

e Safety

* Accuracy and efficiency

« Communication among all parties involved (physicians, nurses, technicians)
* To uniform clinical research

* To facilitate comprehension and technological progress
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Nomenclature in CRRT: Index

* Main components of extracorporeal CRRT

* Parameters of the filter/dialyzer

* Volumes and flows

* Timein CRRT

e Treatment evaluation methods: the “Dose”
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Main components of extracorporeal CRRT

«Non-disposable ldaieWalfacorporealiinsuitbles and filter
of the machine
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Hardware of the machine (1)

Main components:

* Monitor
* Pumps
* Blood pump
e Dialysate pump
H * Replacement (pre and/or post)

S » Ultrafiltrate/effluent pump
- » Systemic anticoagulation pump (e.g. heparin)
A * Regional anticoagulation pump (e.g. citrate)
* Reversal anticoagulation pump (e.g. calcium)
 Return safety automatic clamp (and access safety
automatic clamp )
 Components for fluid balance system monitoring: scales

* Heater




REGIONE DEL VENETO

International
Renal Research
Institute Vicenza

Hardware of the machine (2)

Main Sensors:
* Pressure sensors
* Access pressure sensor (before blood pump):

PACC
* Pre filter pressure sensor (after blood pump /
Ty before filter) Ppge
== * Return pressure sensor line: Ppg;
* Effluent/ultrafiltrate line: Py
 Transmembrane pressure: TMP
* Pressure drop: Ppgop
* Return air bubbles detector (vs. access air bubbles
detector)
* Blood leak detector (BLD) in the effluent/ultrafiltrate

line
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Hardware of the machine: sensors

Return air bubbles detector: to detect air bubbles in the return line

Pl
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Hardware of the machine: sensors

Blood leak detector (BLD) in the effluent/ultrafiltrate line: to detect rupture of fibers
in the filter
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Effluent/ultrafiltrate
pressure (Pg)

°@®

‘ § Pre filter pressure (Ppee) ——
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The extracorporeal circuit for CRRT: pressures (2)

TMP: pressure gradient across the membrane TMP* = (Ppee + Poyr) / 2 - Pege

Porop: Pressure difference pre and post filter Poror = Pegg z Bour

TMP* = . — 70 = 40mmHg
Porop = 140% 80 = 60mmHg

Example

Return pressure = 80mmHg

)
)
.
vs®
e®
)

Effluent pressure
=70mmHg

Pre filter pressuré =140mmHg
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Disposable components of the circuit

Disposables are single-use components of the extracorporeal circuit; they are specific
for every machine and are usually designed for a specific treatment modality.

Line

Blood inflow line Red L
Blood outflow line Blue ]
Dialysate line Green ]
Effluent/ultrafiltrate line Yellow

Replacement line Purple ]

Regional anticoagulation line (e.g. citrate)  Orange

Systemic anticoagulation line (e.g. Heparin) White

Reversal antagonist line (e.g. calcium) Grey
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Filters

The filter is the key disposable where blood is effectively purified.

Filter identifies all the disposables that purify blood by ultrafiltration, convection,
diffusion.

Ultrafilter Ultrafiltration modality

Hemofilter Hemofiltration modality
Filters =

Hemodialyzer Hemodialysis modality

Hemodiafilter Hemodiafiltration modality

Plasmafilter Plasmapheresis modality

Cartridge or sorbent or
adsorber

Hemoperfusion or plasmaperfusion
modality

Huu
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Nomenclature in CRRT: Index

 Main components of extracorporeal CRRT

» Parameters of the filter/dialyzer

* Volumes and flows

* Timein CRRT

e Treatment evaluation methods: the “Dose”
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Parameters of the membranes (1)

The geometrical characteristics — Performance characteristics

Surface area
The surface area (A) represents the total area of
membranes directly in contact with blood

‘bbodh{ bw
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Parameters of the membranes (1)

The performance characteristics — Potential applications

Ultrafiltration coefficient of the membrane (K)
Kyr represents the water permeability of a filter’s membrane per unit of pressure
and surface [ml/h/mmHg/m?].

Kye < 10 ml/h/mmHg/m? ‘ LOW FLUX membranes

10 ml/h/mmHg/m? < K < 25 ml/h/mmHg/m? ‘ MIDDLE FLUX membranes

Kyr > 25 ml/h/mmHg/m? ‘ HIGH FLUX membranes
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Performance parameters of the membranes (2)

Sieving coefficient (SC)
Sieving coefficient is the ratio of a specific solute concentration in the ultrafiltrate
over the mean solute concentration in the plasma before and after the filter.

Cur C
SC = Pin
Cpi
0<SC<1 & |

CPout
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Performance parameters of the membranes (3)
Cut-Off

For a specific membrane, the cut-off value represents the molecular weight of the
smallest solute that doesn’t pass through the membrane.

“High Cut-Off Membranes”

!

SC for albumin >0
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Performance parameters of the membranes (2)

Myoglobin Albuin Cut Off > Albumin
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Cut Off ~ 50000 Da (< 65000 Da)
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Nomenclature in CRRT: Index

 Main components of extracorporeal CRRT

* Parameters of the filter/dialyzer

* Volumes and flows

* Timein CRRT

e Treatment evaluation methods: the “Dose”
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Volumes and fluids

Example of NO consensus: Q¢ NET

foo:3z po1ias @iaae
HOF i

Anticoagulation Pressures (mmHg]

0 mimin
PBP Citrats @ mifh
Dialysate 0 mih

P- T @ mih

Pt Fluld ramoval

Effluent

b Efflusnt Dose @ mifkglh
UFR Dose ¢ mithikg
Flitratien Fraction 0%
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Fluids in CRRT

FLOW RATE SYMBOL UNIT OF MEASURE
Blood flow rate Qg ml/min

Plasma flow rate Q; ml/min

QRPRE

Replacement flow rate
(Substitution flow rate) QgPOsT ml/h

(Infusion flow rate)
QRPRE/POST

Net ultrafiltration flow rate QNET ml/h

Ultrafiltration flow rate Qe ml/h

Dialysate flow rate Q, ml/h

Effluent flow rate Qger ml/h
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Nomenclature in CRRT: Index

 Main components of extracorporeal CRRT

* Parameters of the filter/dialyzer

* Volumes and flows

* Timein CRRT

e Treatment evaluation methods: the “Dose”
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TIME in CRRT

Effective treatment time is defined as the cumulative time while the purification

of blood is ongoing. Practically it means that the pumps of dialysate, replacement
and effluent are working.

Downtime is the time when the machine treatment is stopped. Practically it
means that the pumps of dialysate, replacement and effluent are NOT working.
Downtime can be due to:

* Machine alarms (membranes clotting, vascular access malfunctions)

* Change bag procedure

e Other clinical procedures

Total treatment time is defined as the sum of the effective time of treatment and
downtime.

Effective time of treatment Downtime

Total time of treatment
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Nomenclature in CRRT: Index

 Main components of extracorporeal CRRT

* Parameters of the filter/dialyzer

* Volumes and flows

* Timein CRRT

* Treatment evaluation methods: the “Dose”
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Dose in CRRT

Dose: “amount of blood cleared of toxins by the extracorporeal circuit”

«K»: [ml/(Kg h)]

Examples
Patient Weight = 75 Kg Patient Weight = 75 Kg
Dialysate flow rate = 1500 mi/h Dose = 35 ml/(Kg h)
Replacement flow rate = 1000 mi/h
NET ultrdfiltration flow rate = 100 mi/h “
‘ Effluent flow= Dose - Weight = 35 - 75= 2600 mli/h

Effluent flow rate= 2600 mi/h

Ef fluent flow 2600

DOSE= — 35 ml/(Kg h)

Weight 7
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High Volume Hemo Filtration

* High-Volume Hemofiltration (HVHF): hemofiltration with
35 ml/Kg/h < prescribed dose < 45ml/Kg/h

* Very High-Volume Hemofiltration (VHVHF): hemofiltration with
prescribed dose > 45ml/Kg/h

Replacement
bag

°@®

i i Effluent
bag
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Dose in CRRT

Prescribed dose — Delivered dose

Reduction of the downtime
 Time organization (early preparation of the machine, early preparation of the
bags for the exchange procedures,...)
* To perform operations quickly and efficiently
e Continuous monitoring of the treatment parameters (Pressures)
* Fast communication and reciprocal interactions with the physicians
* Good knowledge of the machine and terminology

Effective time of treatment Downtime

Total time of treatment
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Conclusions

Understanding the Terminology and Nomenclature explaining the CRRT is
essential to implement adequate treatment choices to the individual
patient.

When intensivists, nephrologists, nurses and technicians gather at the
bedside to decide on CRRT management strategies and to implement
treatment, they make a series of decisions. The apparent simplicity of this
process belies an enormous degree of complexity: a standard terminology
allows immediate comprehension.

To facilitate comprehension and future progress, we expect that not only the
hospital staff, but even the field of industry will also adopt a standard
terminology, in order to apply the technology at the bedside as well as
possible.
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