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Fluid Management with CRRT



Maintaining the Circuit

Enabling solute clearances and achieving 
homeostasis

Volume control and balance with fluid regulation

Monitoring for and preventing complications

Practical Issues with Fluid Management 
for CRRT



Hydraulic Circuit for  PrismaFlex: Sites for Fluid Administration

External Pumps
• Circuit related

• Non-Circuit

Integrated Pumps



Circuit 
related

Anticoagulant Saline, Heparin, 
Citrate, Other

Substitution 
fluid

Pre-filter 
Dilution

Post-Filter
Replacement

Dialysate

Non-Circuit

IV

Calcium (if 
Citrate)  

Maintenance
Electrolytes and salts, 
Base, Blood products; 
Medications, nutrition 

NG or PEG

Fluid Delivery in CRRT

Amount and Composition of each of these fluids can be 
varied to achieve homeostasis



Maintaining the CRRT circuit is crucial for delivering 
CRRT effectively
• Catheter
• Filter
• Lines

Interventions
• Anticoagulant (Saline, Heparin, Citrate, Other)
• Coated membranes
• Dilution

CRRT Circuit



17 ml/min

Hct= 26

Hct= 31

Replacement 17 ml/mi



Pre-Dilution vs Post-Dilution CVVH

Filtration fraction (FF) = ultrafiltration rate/ 
plasma water flow rate

FF values > 0.20 undesirable due to 
hemoconcentration-related effects on 
filter performance
major limitation of post-dilution CVVH
dependent on blood flow rate (QB) and 
hematocrit (Hct)







Maintaining the Circuit: Summary

Select appropriate size catheter and position for individualized 
therapy

For Access requirements > 7 days consider tunnelled catheters

For CRRT, avoid high filtration fraction and consider pre-dilution 
to minimize concentration polarization and hemoconcentration

Select Anticoagulant based on expertise and available 
resources. Citrate has best results for circuit and filter integrity

For CRRT, adjust prescription for pre-dilution with either a 
FUN/BUN ratio or an empirical 15% particularly for CVVH



Maintaining the Circuit

Enabling solute clearances and achieving 
homeostasis

Volume control and balance with fluid regulation

Monitoring for and preventing complications

Practical Issues with CRRT



Effluent
Sieving Coefficient = UF/Plasma concentration of solute 

( 1= freely permeable, 0+ not permeable).

Dialysate
Diffusive clearance

CVVHDF CVVHD

Ultrafiltrate
Convective
Clearance

CVVH
Clearance in 
CRRT =   SC 

or equivalent 
x effluent 

volume (UF, 
dialysate, UF 
+ dialysate) 

+ membrane 
adsorption

CRRT Operational Characteristics

Dialyzer and blood clearance differ based on 
solute and membrane characteristics



Operational Characteristics of CRRT

Macedo and Mehta AJKD 2016



CRRT Operational Characteristics
Summary of Features

Solute concentration can be 
manipulated independent of fluid 

balance

Plasma composition can be altered 
by changing composition of 

dialysate and substitution fluid

Fluid regulation can occur 
concurrently with solute removal to 

maintain patient fluid balance 
desired



CVVHD

Regulation of fluid composition

CVVHF CVVHD CVVHDF

Target 
plasma solute
concentration

Composition of 
Replacement Fluid

Composition of 
Dialysate

Composition of Dialysate 
and Replacement Fluid

Rate of 
change in 
plasma 
concentration

Difference in 
concentration 
between 
Replacement Fluid  
and plasma

Exchange Rate

Sieving coefficient 

Dialysate Flow Rate 
(At low QD)

Blood Flow Rate
(At high QD)

Dialyzer Size
(At high QB)

Molecular weight

Dialyzer 
permeability

Combined effect of 
replacement fluid and 
dialysate fluid rates and 
composition



Examples of Commercial Solutions for CRRT

Macedo and Mehta AJKD 2016



Hydraulic Circuit for  PrismaFlex: Sites for Fluid Administration 
and modifications in fluid composition

External Pumps
• Circuit related

• Non-Circuit

Integrated Pumps

1. Dilution Fluid
0.9% saline

2. Substitution Fluid
Prismasol

3. Dialysate Fluid
Prismasate

4. Post fluid for 
aeration chamber
(200 ml/hr)

0.9% saline

5. IV fluids 0.95 
saline; D5W; Bicarb



Daily non-volatile acid production around 1-
1.5mmol/kg  
 ~80 milimoles

At pH 7.1 [H+] = 80 nanomoles/L

Would need to clear 1,000,000 L/day if removing H+

CRRT controls acid-base by restoring plasma buffer or 
Strong Ion Difference not by removing H+

Acid-base



Alkali Addition and Disposition During Hemodialysis

Modified from J Gennari



Effect of continuous venovenous hemofiltration with dialysis on lactate clearance 
in critically ill patients.
Levraut, Jacques;  Ciebiera, Jean-Pierre;  Jambou, Patrick;  Ichai, Carole;  Labib, Yasser;  Grimaud, 
Dominique

Critical Care Medicine. 25(1):58-62, January 1997.



Effect of Lactate Infusion in ARF patients on CVVHDF



Total plasma lactate

Filter lactate clearance





Electrolytes

 Dysnatremia
 Hyperkalemia



Maintaining the Circuit

Enabling solute clearances and achieving 
homeostasis

Volume control and balance with fluid regulation

Monitoring for and preventing complications

Practical Issues with Fluid Management 
for CRRT



Strategies for intervention 
role of CRRT

•Fluid Removal 
•Fluid Regulation

Fluid Management in the 
Critically Ill Patient



Prowle, J. R. et al. (2013) Nat. Rev. Nephrol. doi:10.1038/nrneph.2013.232

Principles For Fluid Removal with Dialysis

IHD: Since time is rate limiting factor  goal is to find maximally 
tolerated ultrafiltration rate

Fluid is removed by UF governed by transmembrane pressure

Volume of fluid removed is precisely regulated by volumetric balance 
chambers in machine

Rate of fluid removal dictated by prescription

Maximum fluid removal rate per hour dictated by machine limits 
(generally 2 L/hr)

Fluid replacement generally not required

Fluid is removed by ultrafiltration governed by transmembrane 
pressure

Volume of fluid removed is precisely regulated by Gravimetric scales 
outside  machine (Prisma, Prismaflex, Aquarius, B. Braun) or Volumetric 
balancing chamber inside machine (NxStage)

Rate of fluid removal dictated by prescription and operational 
characteristics

Maximum fluid removal rate per hour dictated by machine limits 
(2-12 L/hr)

Fluid replacement is required

CRRT: As procedure is continuous, goal is to target UF to 
achieve fluid balance over time







Principles of Fluid Management with CRRT



Approaches to Fluid Balance with CRRT
Fluid Regulation

Patient Balance

BC Drug

UO Drainage Insensible  Loss

Nutrient

IN

OUT

Machine 
Balance

QR
PRE/POS

T
QD

IN

OUT

FLUID   MANAGEMENT

QEFF =QR
PRE/POST + QD  + QUF

NET

G
O
A
L



Approaches to Fluid Balance with CRRT
Principles

 Patient Balance
 At any given point in time 

depends on the difference 
in intakes and outputs
 Plasma composition 

determined by underlying 
pathophysiologic processes 
and process of care ( 
amount and types of fluids 
given)

Intakes
Oral; IV

Outputs
• Urine; GI

• Drains; Insensible

Patient Status

PLASMA

Composition



Approaches to Fluid Balance with CRRT
Fluid Removal

 Patient Balance
 At any given point in time depends on 

the difference in intakes and outputs
 Plasma composition determined by 

underlying pathophysiologic processes 
and process of care ( amount and types 
of fluids given)

Intakes
Oral; IV

Outputs
• Urine; GI

• Drains; Insensible

Patient Status

PLASMA

Composition

 CRRT Addition
 Provides a new source of fluid removal that can be adjusted 

 CRRT Balance
 Negative if fluid removal rate > replacement fluid rate
 Zero  

 if no fluid removed and no replacement given (CVVHD)
 fluid removal rate = replacement fluid rate

Key is to integrate CRRT balance 
with patient fluid balance



Approaches to Fluid Balance with CRRT
Fluid Regulation

Adjust patient fluid 
balance using CRRT as 
a tool for fluid 
management
Goal is to adjust fluid 

removal/administration 
to achieve patient 
needs

Substitution 
Fluid

Ultrafiltrate

Common Strategy



Approaches to Fluid Balance with CRRT
Fluid Regulation

Substitution 
Fluid

Ultrafiltrate

Common 
Strategy

Alternate 
Strategy

UF is Varied UF is fixed
Replacement is varied



Optimizing Renal Support for Fluid and 
Solute Management

• Desired fluid 
balance

• Fluid management 
strategy ( removal, 
even, positive 
balance)

• Adjustments: 
Frequency

• Goals of Therapy

Patient 
Assessment

• Short term
• Long term

Goals of 
therapy • Effluent volume

• Pump settings
• Solutions rate
• Measurements

CRRT 
Operational  
Parameters



Fluid Management in CRRT

Key Decisions
How much UF volume is 
required to provide solute 
clearance
How much UF is needed to 
achieve fluid balance
What fluid composition is 
needed to replace fluid 
removed

Practical Issues
Prescription
Implementing fluid 
management with different 
pumped systems
Monitoring and charting
Roles and responsibilities



Fluid and solute management in CRRT
Prescription



Modality

CVVH

CVVHD

CVVHDF

Operational  
Characteristics

Solute removal
•Membrane
•Blood flow
•Effluent volume
(Dialysate, Ultrafiltrate)

Fluid Balance
•Ultrafiltrate
•Substitution fluid
•Dilution fluid

•Replacement fluid

Circuit
•Anticoagulation
•Filtration fraction
•Monitoring 

Plasma 
Composition 

Solution 
content

Flow rates

Monitoring 

Organ Support

High Volume

High cut off 
membranes 
and sorbents

Temperature 
control

Fluid and Solute Management in CRRT
Prescription Elements



Desired solute 
clearance
•Effluent volume

•Dialysate
•Ultrafiltrate

Desired Fluid 
balance
•Fluid removal
•Fluid regulation

Operational 
and safety 
parameters
•Monitoring and 

charting
•Problem 

avoidance and 
recognition

Fluid management in CRRT
Prescription



How much 
solute 

clearance?

• Based on patient characteristics (catabolic state, nutritional 
support, underlying renal function etc)

• Calculated as desired clearance ml/min and expressed as L/hr

Compute 
minimal effluent 

volume

• Clearance requirement  in L/hr = minimal effluent volume/hr
• Amount of dialysate and ultrafiltrate to meet minimal effluent 

volume (modality dependent)

Fluid management in CRRT
Prescription





How much 
solute 

clearance?

•Based on patient characteristics (catabolic state, nutritional support, 
underlying renal function etc)

•Calculated as desired clearance ml/min and expressed as L/hr

Compute 
minimal 

effluent volume

•Clearance requirement  in L/hr = minimal effluent volume /hr
•Amount of dialysate and ultrafiltrate to meet minimal effluent volume 

(modality dependent)

UF volume 
needed for 

fluid  balance 
needs

•Define patient fluid balance requirements and estimate net (intake –
output)  amount of fluid to be removed

•Define intakes obligated to CRRT therapy e.g. citrate and calcium 
required for anticoagulation

•Add total fluid to be removed every hour to achieve goals
•Compute  UF required for fluid balance = total fluid to be removed

Fluid management in CRRT
Prescription



Set replacement fluid or 
UFR  parameters for 

patient fluid balance

• Determine net fluid balance goal  
e.g. negative, zero or positive

• Determine CRRT fluid balance very 
hour

• Set replacement fluid rate or UFR 
to achieve patient fluid balance 
goal

Fluid management in CRRT
Prescription



Fluid Management in CRRT

Orders

• Components
• Standardization

Charting

• CRRT Balance
• Patient 

Balance
• Where is it 

charted



Hôpital du Sacré-Coeur 
de Montréal.



CRRT Flow Sheet: Hôpital du Sacré-Coeur de 
Montréal.



UCSD Medical Center Citrate 
CRRT Orders



UCSD Medical Center Citrate CRRT 
Orders



UCSD Medical Center Citrate 
CRRT Orders



UCSD Medical Center Citrate CRRT Orders



UCSD Medical Center CRRT 
Flowsheet



UCSD Medical Center CRRT 
Flowsheet





CRRT Flow sheets in EMR

C:\Users\rmehta\Desktop\2012-02-11_0747.png



 HR 90, BP 135/80 , Temp 99, 
FiO2 70%
 Burns on face, back, arms
 S1S2, Lungs bilateral diffuse 

rhonchi
 Abdomen obese marked 

edema and bowel sounds 
present
 Legs marked edema to thighs
 Labs: Sodium 146, Potassium 

4, Chloride 109, Bicarb 35, 
BUN 18, Creatinine 0.54, 
Glucose 154, Calcium 8.6
WBC 9.7, hemoglobin 9, 

platelet 144

 74 yo HF was admitted with 
25% total body surface area 
burns in a structure fire, smoke 
inhalation. 
 She was in the structure fire 

for unknown time, her 
husband died in the fire. 
 She has burn injury to face, 

dorsum of both arms and 
legs. 
 She received large volume 

resuscitation and is about 40 L 
+ since admission  
 She is intubated and sedated 

in the burn unit on a fentanyl 
and versed drip

Case Study



Case Study

Left arm

Rt arm

Back



Case Study



Jan 1Dec 29

Case Study



Case Study



Case Study



Case Study



Case Study

Creatinine



Case Study



Case Study
01/01 01/03

01/04 01/06 01/07

12/29



Case Study



Case Study



Case Study



Case Study
01/0101/09 01/03

01/04 01/06 01/07

01/10 01/11

01/12 01/13 01/14



SVV to Guide Fluid Management 
in CRRT



SVV to Guide Fluid Management 
in CRRT



Fluid Management with CRRT

Summary
Fluid management is an important and 
integral part of renal support with dialysis

Wide variation in current approach to 
fluid management with dialysis

CRRT techniques can be adapted to 
achieve any given fluid balance and 
tailor the therapy to patient needs 
dynamically 
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