i

(SJ—”"IJ“‘” JL.u.'n.w O_LA.Q.)J"Q.)
U=l )99 -0 ale ozl
Uiy bl o 4l

1ol o0 Fo i IA
O] Slogs ilsgs enloss g (S egle oLl
@jgy Glallyw slagivles jSie

CKRT Modalities

Tahereh sabaghian

Assistant professor of nephrology

Shahid Beheshti Medical university Tehran-Iran
Ph.sabaghian@gmail.com



Major Renal Replacement Techniques

IHD SLEDD GAVAVA o

Intermittent Sustained (or slow) Continuous veno-venous
haemodialysis low efficiency daily

dialysis
Isolated
Ultrafiltration

haemeofiltration

"SLEDD-F

Sustained (or slow)
low efficiency daily

GAVAVASID.

Continuous veno-venous
haemodialysis

dialysi tt
l:‘:l:t;ii:.‘l.\ ‘ CVVH DF

Continuous veno-venous
haemodiafiltration

SCUF

Slow continuous
ultrafiltration
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PIRRT

e Sustained low-efficiency dialysis (SLED),
* Extended daily dialysis with filtration (EDD-f),
e Accelerated venovenous hemofiltration

Compared to ‘CRRT’ SLEDD is ‘high efficiency’!
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CKRT: A spectrum of therapies

CVVHDF




Continuous Veno-Venous Hemodialysis
(CVVHD)

* Requires the use of
blood, effluent and
dialysis pumps

Hemofilter

] Patient >
* Replacement solution - I

is not required

-
( =
(|

V7 Filtrate
e Plasma water and ¥

solutes are removed
by diffusion and

ultrafiltration Substitute



Diffusion

Dialysate

\Concentrati‘gn\gradient, small molecule | surface of membrane

QB, DFR




A

Continuous Venovenous Hemodialysis
(CVVHD)

e Dialysate solution runs
countercurrent to the flow of
blood at a rate of 1 to 2.5 L/h

e Solute removal occurs by
diffusion.

e Unlike IHD, the dialysate flow
rate is slower than the blood
flow rate, allowing small
molecules to equilibrate
completely between the blood
and dialysate.

e As aresult, the dialysate flow
rate approximates urea and
creatinine clearance.
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Dialysate
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Q; To Patient
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= From Patient
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Anticoagulant

Effluent/
Filtrate Continuous Veno-Venous

Hemo-Dialysis (CVVHD)
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Blood flow

Dialysate flow
rate

*High flux membranes

e Extended period up to weeks
* Diffusive solute clearance

e Countercurrent dialysate

e UF for volume control

Blood flow 50-200 ml/min
UF rate 1-8 ml/min
Dialysate flow 15-60 ml/min
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Convection'

lembrane

Dialysate

lMovement of water (ultrafiltration), middle mol.




Replacement Fluids

 Sterile replacement solutions may be:
* Bicarbonate-based or Lactate-based solutions
* Electrolyte solutions
* Must be sterile and labeled for IV Use

* Higher rates increase convective clearances

\'1\ ISN JUSai 45 bl jo dulS ylyl sjglgsai ale paseil 6 puliw jlsow Gramojlgs
i The 12t National Congress of the Iranian Society of Nephrology (NIrSN)

IRANIAN SOCIETY OF NEPHROLOGY



CVVH: Continuous veno-venous
hemofiltration

Harmaoflille
; Hamo
Fatient
1 Filtr;
D F
Post-CVVH Pre-CVVH Pre-Post CVVH

Requires blood, and replacement
Dialysate is not required
Plasma water and solutes are removed by convection and ultrafiltration
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Pre-Post CVVH :

Replacement
rate

Substitune

Effluent
Outflow

UFR

Replacement
fate
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CVVH : Continuous veno-venous hemofiltration

k INTERNATIONAL SOCIETY
- OF NEPHROLOGY
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Extended duration up to

High flux membranes

Mainly convective clearance
UF > volume control amount
Excess UF replaced
Replacement pre-or postfilter
Blood flow 50-200 ml/min
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Replacement fluid pre -dilution

Advantage:

e Dilute blood before filter
(Hemodilution)( ®HCT)

e Reduce filter clotting
* Prolong filter life
* No Uf rate limitation

Disadvantage:
e Reduce solute clearance

* More replacement solution



Replacement fluid post -dilution

Advantage: Disadvantage:
* No reduction solute e Hemoconcentration in filter
clearance increase risk of filter clotting

* May increase need for

* Clearance directly related anticoagulant or BFR

to UF rate e Limit on UF rate due to
hemoconcentration of blood

* Lower replacement
solution rates



Pre-dilution Post-dilution

Low risk of clotting High risk of clotting

No clinical study has definitively addressed when pre- or
post-dilution HF should be used, so this decision is
largely a matter of local experience and preference.

Ronco et al. Critical Care (2015) 19:146 {@m&h |
) (i)
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Dilution effect on clearance

before after adding solvent

~ DF=V1/V2
Dilution

250 mi ? CI.VI — Cz.Vz higher volume

lower volume

@

higher concentration lower concentration
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Dilution factor:
S S B R e e L TN RS R e R SR S G TR

Plasma flow

DF =
Plasma Flow + Pre replacement fluid

Plasma flow ={(1- Htc) x Q blood

Dialysis fluid not affect on dilution factor



Dilution factor example

* |If blood flow is 120, HCT is 40%
* Plasma flow=120(1-40)=72CC
* If replacement fluidrate=1800cc/h=30cc/min

* Solute concentration is diluted by 30%
* DF=72/72+30=70%

IRANIAN SOCIETY OF NEPHROLOGY



Filtration

PG Tt fluid removed from the filter
(/o [ FF = ——
= ;%’__sgm ard liguie fluid entering the filter
‘.\.‘ ,’ !’c—mm furnel
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\d/
o . .
oF = Ultrafiltration Flow
= Plasma Flow + Predilution
Fitrate
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Filtration Fraction

Must be kept <20% to minimize
Ultrafiltration Flow

FF = coagulation
Plasma Flow + Predilution

* Implies the highest possible blood flow
Pre + Post + net UF

{(1- Htc) x Q blood }+ Predilution ° Adapt ultrafiltration to max blood flow

e Catheter might be a limiting factor



Filtration Fraction

Ultrafiltration Flow

FF

Must be kept <20% to minimize coagulation

Plasma Flow + Predilution

N 1s never

iltration fractio

=ter might be a limiting factor



CVVHDF :diffusion, convection and
ultrafiltration

* Continuous veno-venous hemodiafiltration

* Requires the use of a blood, effluent, dialysate and replacement pumps

Both dialysate and replacement solutions are used

High flux membranes

Extended period up to weeks

Countercurrent dialysate

Blood flow 50-200 ml/min, UF rate: base on patient volume status, Dialysate flow
15-30 ml/min
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Post-CVVHDF

Pre- Substitute
CVVH D F Replacement
Dialysate rate
flow
ialysate flow
Hemofilter
Patient

Hemofilter
Patient

F'I UF
Itrate rate

Filtrate /" 2%
Replacement rate

Substitute
BFR



Slow continuous
ultrafiltration:SCUF

* No dialysate or replacement solution
* High flux membranes s
* Blood flow 50-200 ml/min

+ UF rate 2-8 ml/min(100-300cc/h) "
* Indication:
* Volume overload Refractory to
diuretics
* Not result in significant convective -

clearance of solute

The 12th Natlonal Congress of the Iranian Society of Nephrology (NIFSN)
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CRRT DOSE Prescribed;effluent rate
normalized to body weight (25-30cc/kg/h)

ﬁ Return —— Return
= CVVH CVVHD
Y\ ‘ Access Access

@ @@

I
S =

—— _> Return
—————————- CVVHDF
—_— . -
Effluent = ultrafiltrate — - Access

(UENET) +
replacement fluid
and/or dialysate

& &

Post-RF Dialysate Effluent + Dialysate Pre-RF

S —
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Fluid balance in CRRT;UFNET rate

* Fluid removal directly from the patients intravascular
compartment

e UFNET rate is not the same as machine set fluid removal rate
* continuous evaluation of the patient

* UFNET depends on fluid balance patients:(overload, dehydrated
or normovolumia ), Underlying pathophysiology ;
hemodynamic tolerance(vasopressors and inotropes
dose).,...

Y - o : sl Fapusiatia | [ | g - - . "
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Net Uf rate:

e Start fluid removal at 1 mL/kg/h with close monitoring of
hemodynamics

 gradually increased at 0.5 mL/kg/h up to 2 -3mL/kg/h as
tolerated

* For example patient weight is 80 kg and overload:

start fluid removal at 1 mL/kg/h (i.e., 80 mL/h) with close
monitoring of hemodynamics. then be gradually increased at 0.5
mL/kg/h (i.e., 40 mL every h) up to 2-3 mL/kg/h (i.e., 160-180
mL/h)
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UFNET rate:

* patient receiving 70 mL/h of intravenous fluids ; need 80cc/h
UF rate

e UF rate at first hours :
* 1 mL/kg/h (80 mL/h) +( 70 mL/h) =150 mL/h
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Patient NET UF:

* Fluid removal directly from the patients intravascular
compartment

* Non-CRRT intake and output must be calculated

e Sample:

Intake non CRRT: IV fluid(100cc/h)+ NG(75cc/h)=175 olance non

Output non CRRT: urine(10cc/h)+ other out put (drain,...)=10 ] CRRT=165

Desired net Fluid removal with CRRT: 100CC/h

Net fluid removal rate to be set on CRRT : 165+100=265cc/h

AN ISN U6 balpuds 30 el il 6ol rale (pazil & pualps Jlizasws sam0jlgs €)
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Goal of UFNET rate:

* Recent observational studies indicate that UFNET rates
>1.75 mL/kg/h are associated with an increased risk of
death, decreased renal recovery, and hemodynamic
instability compared with UFNET rates between 1.01
and 1.75 mL/kg/h during CRRT
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The Association of an Early Net
Ultrafiltration Rate and 28-Day
NMortality in Patients Receilving
Continuous Kidney Replacement
Therapy

Buyun Wu?, Yining Shen?7, Yudie Peng, Changying Xing and Huijuan Mao™
Retrospective, observational study
All patients In Intensive Care Unit, Total of patients: 911

CRRT for more than 24 h within 14 days after intensive care unit
admission

Early (initial 48 h) NUF rate as the amount of fluid removal per hour
adjusted by the patients’ weight and took it as a classified variable
(low rate: < 1.6, moderate rate: 1.6—3.1 and high rate: > 3.1
ml/kg/h)



T00% A

80% A

609% -
40% - \ﬁ/\

20%

Adjusted Risk of 28-day Mortality

0% A

0 1.6 2 2.6 3.1 4 6
Net ultrafiltration rate (mL/kg/h)

Compared with NUF rates between 1.6—3.1 ml/kg/h in the first 48 h of
CKRT, NUF rates > 3.1 and < 1.6 ml/kg/h were associated with higher

mortality.



Protocol

Open access

BMJ) Open Restrictive versus Liberal Rate of
Extracorporeal Volume Removwval

Evaluation in Acute Kidney Injury
(RELIEVE-AKI): a pilot clinical
trial protocol

-

[ Started on CKRT ] i,

Study
Enrollment

Restrictive I Liberal
Reinitiate I Reinitiate
when when
tolerated * Initiate UF Initiate UF tolerated *
T at 0.5 s s s e e s s
mL/kg/h mL/kg/h
Tolerated™ Tolerated*
Yes Yes
&
T UF, 05 1T UF =y 0.5
mL/kg/h mL/kg/h
each hour each hour
Tolerated™ Tolerated™
Yes Yes
Maintain Maintain
between between
0.5-1.5 mL/kg/h 2.0-5.0 mL/kg/h

* Tolerance assessed by MAP =65 mmHg and systolic blood pressure =90mmHg



CRRT modality
Choice




What about clearance?



CRRT Modality

Size of molecules cleared by CRRT Hemofilter

MOLECULAR WEIGHT,
DALTONS

Molecular weights
Mode of removal

100,000 =

p—

o IAlbumm {55,000 - 60i.000)

50,000

10,000 =
5,000 —

1,000 —

——# Creatinme {113)

Nothing above 50.000 is cleared

——

¢ Beta 2 Microglobulin {11.800)

e Inulin (5,200)

CVVH
CVVHDF

* Vitamen B12 {1,355)

|___* Aluminium/Desferoxamine
Complex (700)

s SRl

Better than

i

100 » Phosphate (80)
o Urea {80} Small Molecules |

50 e A Diffusion is better than
* Poassivm {35} ) = g '
e Phosphorus (31) convection
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(a)

Reseach

Solute removal during confinuous renalreplacement therapy i

critcaly il pafints: convection versus diffusion
Laocan R, Cludo Ronca?, Assanda Bachetons Guseope D'amico’, tfano R

Fisa Alessandi', Morica Rocco" and Paol Pl

(mVmin)

clearance

(b)

(ml/min)

clearance

comparable for the removal of bl

small and middle molecular
weight solutes

(ml/min)

clearance

beta2mic




THE CHANGES OF THE C REACTIVE PROTEIN
LEVEL DURING THE CRRT PROCEDURE

« Observational, retrospectively prospective study

e 154 pts( 343 CRRT)
e RRT modalities : CVVHD and CVVHDF

 CRRT modality impact on changes of CRP level

* In a higher percentage of CVVHD proc (48.32%) a
decrease in CRP level was seen compared to CVVHDF
proc (36.36%) (p = 035). A significant difference was
found in the changes of CRP levels in relation to the filters
used (p = 011)

* Conclusion: level of CRP in significantly influenced by the

- ~_ ~ 1 ~ DAD ~ ~
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Critical Care Nephrology — Research Article

Blood
Purification Blood Purif 2022;51:840-846 ReEived - Sepremiiert .20 3
. Accepted: December 2, 2021
DOI: 10.1159/000521312 Published online: January 18, 2022

Ammonia Clearance with Different
Continuous Renal Replacement Therapy
Techniques in Patients with Liver Failure

12 Adult patients with hyperammonaemia, liver failure, and AKI
CVVH ,CVVHD or CVVHDF

No significant difference in ammonia clearance according to
CRRT technigue and demonstrated that ammonia clearance is
significantly less than urea or creatinine clearance

< / The 12t National Congress of the Iranian Society of Nephrology (NIrSN) N olisgsle fopen
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Available online at ScienceDirect

ReSUSCitation @'55 RESUSCITATION

COUNCIL

journal homepage: www.elsevier.com/locate/resuscitation

Letter to the Editor

Is continuous renal replacement therapy an option
for hyperkalemic cardiocirculatory arrest? =t

 CRRT Is less efficient than cHD with the need for an
additional 23 minutes in CVVHDF and 38 minutes in
CVVHD to reach a potassium concentration of 6.5 mmol/L

* This simulation provides evidence to support the fact that
cHD remains the standard RRT in HCA. CRRT should
only be used when cHD is not available and CVVHDF
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What about life span of filter?



Comparison of filter life span and solute removal
during continuous renal replacement therapy:
convection versus diffusion - A randomized
controlled trial

Sixty patients CVVHDF (n = 30) or CVVH (n = 30)

Patients in the CVVH group had a shorter median time of filter life span compared
with those in the CVVHDF group (20 vs. 37.5 h, p = 0.002). Urea and creatinine
clearance were not significantly different between groups over time (p > 0.05). IL-
6, B2-microglobulin, and myoglobulln clearance were higher in the CVVH group

T The 12th Natlonal Congress of the Iranian Sooety of Nephrology (NIrSN)
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Research

Solute removal during continuous renal replacement therapy in

critically ill patients: convection versus diffusion
Zaccaria Ricci!, Claudio Ronco?, Alessandra Bachetoni3, Giuseppe D'amico4, Stefano Rossi4,

Elisa Alessandri!, Monica Rocco! and Paolo Pietropaoli®

125+
b CVWN
— =<« cwhd
- Median filter lifespan was
fg significantly longer during
g CVVHD (37 hours, IQR
19.5to 72.5) than CVVH
" (19 hours, IQR 12.5 to 28)

(p=0.03)

Kaplan-Meier analysis of circuit survival for continuous veno-venous
hemofiltration (CVVH) and continuous veno-venous dialysis (CVVHD).
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PLOS ONE

RESEARCH ARTICLE

CVVHD results in longer filter life than pre-
filter CVVH: Results of a quasi-randomized
clinical trial

Lewis Mann', Patrick Ten Eyck?, Chaorong Wu?, Maria Story', Sree Jenigiri’,

unblinded, quasi-randomized cluster trial conducted in
critically ill adult patients with severe acute kidney injury
(AKI)

sample size of 137 patients

filter life, number of filters used, number of filters reaching 72

hours, and in-hospital mortality

PLOS ONE | https://doi.org/10.1371/journal.pone.0278550 January 11, 2023



PLOS ONE

RESEARCH ARTICLE

CVVHD results in longer filter life than pre-
filter CVVH: Results of a quasi-randomized
clinical trial

Unadjusted Outcomes™ CVVH (n = 94, 346) CVVHD (n = 67, 245) P value
N (%) N (%)
Filter Life, hours, median (IQR) 21.8 (11.4-45.3) 26.6 (13.0-63.5) \.02
Filter Life, hours, mean (SD) 32.1 (28.1) 40.0 (34.2) .002
Number of filters, median (IQR) 2 (1-4) 2 (1-5) .86
CKRT Days, median (IQR) 3 (2-7) 4 (2-9.25) 31
Filter Life >72 hours 41 (11.8) 52 (21.2) \002
In-hospital mortality 57 (60.6) 47 (70.1) .21
Reason for Filter Loss¥ .04
Clotting/Clogging 92 (26.7) 43 (17.5)

Among critically patients with severe AKI

requiring CKRT, use of pre-filter CVVH resulted

In significantly shorter filter life compared to
Modeled C

P value
Intention-t& CVV H D .02

Per Protocol 0.82 (0.68-1.00) .04

P-values < 0.05 are Bolded.

*Yaliteec are frealtencyr and colitmmn mvercente 11imnlece nthermarice ecrnecifed
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An evaluation of different dilution modes on circuit lifespan
during continuous veno-venous hemodiafiltration without

anticoagulation

Characteristic
Demographics
Sex, no. (2%)
Men
Women
Age, mean (SD), vy
Vascular access, n (26)
Femoral vein
Jugular vein
Vena subclavia
Baseline characteristics
Hb, mean (SD), g/L
WBC, median (IQR), 107/L
APTT, mean (SD), s
PT, mean (SD), s
PLT, median (IQR), 10%/L
HCT, median (IQR), 10%/L
TG, mean (SD), mmol/L
TC, mean (SD), mmol/L
BUN, mean (SD), mmol/L
Scr, mean (SD), numol/L
Underling disease, no. (26)
Sepsis
Myocarditis
AKI
SAP
MODS
Hepatic failure

Severe pneumonia

CKD
Traffic accident injuries
d ‘ Others
i p I LY Filter membrane, no. (2%)
\ - e ANG62-M150

ANG692-ST150

Pre-dilution (n —

26 (65.0)
14 (35.0)
48.58 (16.23)

36 (90.0)
3 (7.5)
1 (2.5)

94.1 (30.90)
10.5 (11.30)
54.29 (27.56)
19.94 (12.22)
39.00 (100.00)
0.25 (0.10)
1.6 (1.3)
2.2 (1.1)
12.36 (9.30)
119.15 (70.83)

9 (22.5)
2 (5.0)
16 (40.0)
4 (10.0)
1 (2.5)
3 (7.5)
4 (10.0)
1 (2.5)
2 (5.0)
1 (2.5)

18 (45.0)
22 (55.0)

Post-dilution (n — 42)

33 (78.6)
2 (21.49)
49.86 (17.43)

37 (88.1)
4 (2.5)
1 (2.49)

102.00 (27.20)
12.7 (1.60)
51.81 (29.21)
16.55 (4.98)
48.5 (98.51)
0.26 (0.06)
1.5 (1.3)
2.2 (1.1)
13.99 (8.81)
131.36 (83.50)

4 (9.5)
0 (0.0)
21 (50.0)
8 (192.0)

4 (9.5)
2 (4.8)
5 (9.5)
O (0.0)
0 (0.0)
O (0.0)

22 (51.2)
21 (48.9)

Pre- to post-dilution (n — 50)

34 (68.0)
16 (32.0)
50.62 (16.65)

44 (88.0)
6 (12.0)
O (O)

96.90 (26.40)
13.6 (6.80)
57.87 (27.22)
22.19 (13.39)
30 (84.00)
0.25 (0.07)
1.9 (1.5)
1.8 (0.7)
12.74 (8.30)
112.65 (73.20)

8 (16.0)
1 (2.0)
18 (36.0)
11 (22.0)

5 (10.0)

3 (6.0)
4 (8.0)
1 (2.0)
1 (2.0)
1 (2.0)

34 (45.9)
16 (68.0)

0.360

0.832
0.803

0.146
0.062
0.614
0.057
0411
0.729
0.407
0.460
0.666
0.4926

0.285
0.393
0.398
0.313
0.355
0.205
0.933
0.757
0.393
0.757
0.078




Characteristic Pre-dilution (n = 40) Post-dilution (n = 42) Pre- to post-dilution (n = 50) p

Primary outcome
Circuit life span, mean (SD), h 31.58 (16.39)" 35.20 (17.91)2 45.72 (21.00) \ 0.001
Circuit clotting site, no. (%) The pre- to post-dilution mode 0.001
Filter clotting significantly extends the circuit lifespan

during CVVHDF for critically ill patients
undergoing CKRT without anticoagulant
use

Bubble trap cha
Secondary outcomes

AScr, median (IQR), umol/L 4,00 (32.00) 0.747

ABUN, median (IQR), mmol/L 2.60(5.30) 2.81(4.09) 0.316
Length of stay, mean (SD), d 29.62 (19.58) 33.00 (27.92) 32.98 (27.25) 0.788
All-cause mortality, no. (%)

28d 27 (67.5) 29 (69.0) 34 (68.0%) 0.221
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hA Clinical Kidney Journal, 2024, vol. 17, no. 8, sfael87

https:/doi.org/10.1093/ckj/sfael87
Advance Access Publication Date: 26 June 2024

= Original Article
Clinical Kidney Journal

ORIGINAL ARTICLE
Further improvemrment of circuit survival in citrate
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What about survival?



SURVIVAL COMPARISON BETWEEN CVVHDF
AND CVVH FOR SEPTIC ACUTE KIDNEY INJURY

» Prospective randomized pilot study
« 100 patients were assigned to CVVH or CVVHDF

« Baseline characteristics did not vary (age, sex, body weight, serum
creatinine, blood urea nitrogen (BUN), beta-2 microglobulin,
APACHE Il and SOFA)

* No significant differences in the reduction ratios of serum creatinine,
BUN, beta-2 microglobulin, APACHE Il and SOFA scores between
the two groups

« Seven-, 28- and 60-day survival also did not vary

« CONCLUSION: CVVH and CVVHDF led to similar clearance of
waste products and survival at the same net effluent in this study
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Why Is CVVHD my preferred modality?

1. Low blood flows
* Less risk of citrate
accumulation
* Less strain on the catheter
2. No need for predilution
3. Similar clearance for small
molecules

4. Less protein cake formation



Vascular acssess:

g° jgldeally vascular access should be:
|
0 | Made of silicone (biocompatibility and less “kinking”)

~ — Designed to minimize turbulent flow: shotgun tip \
’ and « kidney » shape lumen \

(! - Inserted in a large vessel (prefer RlJ or femoral veins)
!
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OPTIMAL CATHI%T R LOCATION

* The optimal site for catheter insertion is uncertain

* Avoid subclavian dialysis catheters (risks of subclavian vein stenosis,
disability for direct hemostasis in the event of hemorrhage)

* KDIGO guidelines recommend:

1. Right internal jugular vein

2. Right femoral veins

3. left internal jugular vein —femoral

4. Subclavian vein

5. External jugular veins :when other veins are not usable
Reserve the contralateral side for future dialysis access
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Hemodialysis catheter:

 Temporary HD catheter

* Length of catheter: important for sufficient BFR and less clotting
**R1J: 15-20 cm

*Femoral: 24-30 cm
s Left 1J: 20-24 CM
**Subclavian: 20cm
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cuffed catheter& AV access

» cuffed catheter
might sometimes delay initiation of therapy
average duration of CRRT is only 12-13 days

» CRRT using AV access:
may be lifesaving in situations (e.g., earthquake ,rhabdomyolysis)

» Catheter changes:

only when clinically indicated; catheters should not be changed according to
some predetermined schedule in the hopes of minimizing the rate of
catheter sepsis
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Classification of commercial dialyzers accordance with the clearance of
B2-microglobulin (32-M) and the level of albumin loss (in gram) per 4 h

-  Ultrafiltration — -

iﬁg}iml% b Cleara.nce * Sieving Coefficient d.Loss il Sieving Coefficient
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Membrane (Protein-losing membranes)

* Some uremic toxins are tightly bound to albumin

* Albumin is lost, but along with the albumin, protein-bound
toxins would also be removed from the body

* Not routine usage
 Protein-leaking membranes are defined by a water

permeability of >40 m/h/mmHg/m2, B2m SC of 0.9-1.0,

and 2—6 g albumin loss
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Composition of Some Continuous Renal Replacement

Theranv Soliitinng

d

Dialysis Machine  Peritoneal Dialysis Lactated Ringer  B.BraunDuosol  Baxter Accusol’  Gambro Prismasol®  Nxstage Pureflow
Component(mM)  Generated® Fluid® Solution (5-L bag) (25-L bag) (5-L bag) (5-L bag)
Sodium 140 132 130 136 or 140 140 140 140
Potassium Variable - 4 Oor2 Oor2ord Oor2ord Oor2ord
Chloride Variable % 109 107-1M 109.5-116.3 106-113 111-120
Bicarbonate Variable — — 250r 35 ordH 32 250r 35
Calcium Variable 1.75(3.5 mEqg/L) 1.35(27mEg/l)  Qor15(00r30  14or1.75 Oor1.250r1.75 Oor1.250r15(0
(mEq/L) (280r35mEg/l) (Dor250r35mEg/l) or250r3.0 mEg/L)
Magnesium 075(1.5mEg/)  0.25(0.5mEq/L) — 050r0.75 050r0.75 050r0.75 050r0.75
(1.0or1.5mEg/L) (1.00r1.5mEqg/l) (1.0 0r 1.5 mEg/L) (1.00r 1.5 mEg/L)
Lactate 2 40 28 0 0 3 0
Glucose (mg/dL) 100 1,360 — 00r100 00or 100 00or 100 100
Glucose (mM) 5.5 155 — Oor55 0or55 Oor55 5.5
Preparation 6-L bag via Premix Premix Two-compartment Two-compartment Two-compartment ~ Two-compartment
method membrane bag bag bag bag
filtration
Yes Yes Yes Yes Yes Yes

Sterility No
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=rmall compearttment A

&Y

Large compartment B-

] l Red frangible pin

INnjection comnnmnector
(spike conmector)

Luer connechor

*Small compartment A (250 mL) containing an electrolyte solution,
and
eLarge compartment B (4750 mL) containing the buffer solution.
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—t—Small compartment A
Peel seal
Large compartment B
Use only if the overwrap is not
e damaged, all seals are intact,

frangible pin or peel seal is not

R Injection connector broken, and the solution is clear.

(spike connectar)

Luer connector



The solution may be warmed to 37°C

only dry heat should be used

Solutions should not be heated in water or in a microwave
oven

After heating, verify that the solution remains clear and
contains no particulate matter



Association of phosphate-containing versus phosphate-free CJ AS N
solutions on ventilator days in critically ill patients requiring CRRT o

Phosphate-
- - : - 'i' containing
= m i i CRRT solutions

Single Jan 2015 to Mechanical
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Center May 2018 Ventilation M
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Mellsza L. Thompsan Bastn, Arnold J. Sromberg, Sethabhisha N. Nerusu, et al. Association
of Phosphate-Contarmung versus Phosphate-Free Solutions on Yentilator Days in
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Dysnatremia

* patients with more extreme dysnatremias ([Na+] <120 mEq/L or [Na+]
>165 mEq/L) are best treated using continuous renal replacement
therapy (CRRT) with the occasional need for hypotonic or hypertonic
CRRT solutions or intravenous infusion

* CRRT increase the safety margin for the rate of correction of sodium
disorders in chronic dysnatremia
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Managing severe hyponatremia

* Adequate pharmacy support to dilute CRRT fluid bags
* Infusing D5W water in conjunction with CRRT

« D5Wrate = CRRT[Na+ | — target serum[Na+ | / target serum[Na+ | x (QD + QRF)
)

» Effluent is often not fully saturated with diffusive clearance Therefore, the D5W
rate required to keep serum sodium at target may be about 10% less than
suggested by this formula

* Administering hypotonic fluid via a separate infusion line

* Adjusted every 6—8 h if needed to stay within the desired limits of correction
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A patient with an initial serum sodium of 105 mEqg/L, who is
initiated on continuous venovenous hemodialysis with
dialysate flow rate ~2000 ml/h, dialysate sodium 140
mEg/L.How many do you infuse DW5%?

435 ml/h of D5W (infused intravenously into the patient or
into the return blood line of the CRRT circuit) will be
needed to keep target sodium concentration less than or
equal to ~115 mEq/L in the next 24 h



Administering a hypertonic infusion in a separate infusion line

* 3%saline infusion rate =Target serum [Na+] — CRRT[Na+] /513 - Target
serum [Na+] x (QD + QRF)

* A patient with an initial sodium 180 mEqg/L with target sodium
concentration of no lower than 170 mEqg/L who is initiated on CVVHD at
dialysate flow rate of 2000 ml/h with CRRT fluid [Na +]= 140 mEqg/L will
require 3% saline infused at rate of ~175 ml/h

* The net ultrafiltration setting should be increased by the rate of 3% saline
infusion (i.e., ~175 ml/h) for isovolemic ultrafiltration
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Questions?

il
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Ka rger < From: Nomenclature of Extracorporeal Blood Purification Therapies for Acute
Indications: The Nomenclature Standardization Conference

Blood Purif. 2023;53(5):358-372. d0i:10.1159/000533468
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