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Indications for Use: The Crit-Line® III monitor is used to non-invasively measure hematocrit,  
oxygen saturation and percent change in blood volume. The Crit-Line III monitor measures 
hematocrit, percent change in blood volume and oxygen saturation in real time for application in 
the treatment of hemodialysis patients with the intended purpose of providing a more effective 
treatment for both the dialysis patient and the dialysis technician. In addition, the Crit-Line III 
monitor estimates the amount of blood that is recirculated back into the dialysis circuit instead of 
the patient’s circulating volume. Based on the data that the monitor provides, the dialysis technician 
intervenes (i.e., increases or decreases the rate at which fluid is removed from the blood) in order  
to remove the maximum amount of fluid from the dialysis patient without the patient experiencing 
the common symptoms of dialysis which include nausea, cramping and vomiting.

Caution: Federal (US) law restricts this device to sale by or on the order of a physician. 

Note: Read the Instructions for Use for safe and proper use of this device. For a complete 
description of hazards, contraindications, side effects and precautions, see full package labeling  
at www.fmcna.com.
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Introduction

The Crit-Line III monitor is designed for use in the hemodialysis setting as a complement to 
hemodialysis machines. The Crit-Line III Monitor Training Guide (Guide or TG) is solely  
for training skilled healthcare professionals in the use of the Crit-Line III monitor. The Guide  
is intended to be used as a companion to the Crit-Line III User’s Manual (User’s Manual  
P/N101434-01), which contains detailed instructions for all machine functions.

The Crit-Line III Monitor Training Guide is designed to be flexible, taking into account 
variations in the experience and skill level of the participants, the number of participants, 
and the amount of time available for training purposes. Similarly, this Guide recommends 
that participants have the opportunity to use the Crit-Line III monitor during a patient dialysis 
session to enhance the training experience. This hands-on experience may occur at the time 
of training or over several days depending on the facility, shift schedules, etc., and should be 
tailored to each facility, participant, and situation. 

Each facility will determine who will participate in the Crit-Line III monitor training. It is 
anticipated that participants will include nurses, patient care technicians (PCTs), and some 
physicians, with nurses being the primary focus of the In-Service Training. Since interpreting 
the Crit-Line III monitor output requires a basic foundation and understanding of relevant 
clinical theory, a self-paced refresher course is provided for participants to complete prior to 
attending the training session.

Training Prework:
In order to ensure that participants have the clinical background needed to interpret the  
Crit-Line III monitor data, all nurses are required to complete the following online Crit-Line III 
monitor course prior to attending the Crit-Line III monitor In-Service Training:

 www.Crit-LineTrainingCourse.com

Completion of the pre-work by other participants (e.g., patient care technicians) is at the 
discretion of each facility.
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Training Resources:
In addition to this Training Guide, the following materials are incorporated into the  
Crit-Line III monitor In-Service Training:

•  Crit-Line III User’s Manual

•  Crit-Line III Participant Workbook (PW)

•  Quick Start Guide (included in the PW)

•  Crit-Line Technology Profile Guide

Icons and Descriptions:
The following icons are used within this Training Guide to provide direction and clarity:

Icons and Descriptions

	   Instructor explanation and demonstration

Facilitation tip and supplemental comments
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Training Timeline

4-6 Weeks Prior to Training:
•  Schedule participants and communicate pre-work requirements

4 Weeks Prior to Training:
•  Ensure that Crit-Line III monitors are available at the facility for training

•  Crit-Line III Monitor Training Guide

•  Crit-Line III Monitor User’s Manual (if not already at facility and available for training use)

•  Crit-Line III Monitor Participant Workbook (one per participant) 

•  Quick Start Guide (extra copies for facility)

•  Crit-Line Technology Profile Guide

2 Weeks Prior to Training:
•  Ensure that pre-work (if necessary) has been accessed and that participants are on track 

to complete the pre-work ahead of the scheduled training day

1 Week Prior to Training:
•  Confirm receipt of the training materials

•  Confirm training logistics and participants

 Day of Training:
•  Plan to arrive early to ensure that Crit-Line III monitors are available for use and the 

chambers have been located

Training Guide Note
The training anticipated in this Guide is limited to the features and operation of the  
Crit-Line III monitor and does not cover other critical dialysis-related subjects or related 
clinical theory.

Neither this Guide, nor the In-Service Training, are intended to compromise or replace 
specific policies and procedures of hemodialysis providers or the treatment prescriptions of 
physicians. Fresenius Medical Care and its affiliates make no recommendations and assume 
no liability for the policies and procedures established in hemodialysis providers’ clinics for 
hemodialysis treatments.  
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Training Topics 

Welcome/Getting Started
• Distribute and Introduce Crit-Line III Participant Workbook

• Introduce Crit-Line III Monitor User’s Manual

Crit-Line III Monitor Overview
• Monitor Features

• Setup and Power On

• Blood Chamber Placement

• Sensor Clip 

Preparation for Treatment
• Verify Accuracy Routine

• Clear Memory

• Enter Initial Data

Initiation and Termination of Treatment 
• Sensor Clip Attachment

• Start Run

• Hematocrit (Hct) Alarm Limit

• Navigate Screens

• Marking an Intervention

• Ending a Treatment

• Printing/Downloading Treatment Results

• Clearing Memory

• Cleaning

Troubleshooting
• Alarms

• Introduce Quick Start Guide (QSG) 

• Review Profiles A, B and C

• Technical Errors

Hands-on Demonstration
• Facility Patient Treatment Area
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Notes: 
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Getting Started

Welcome Participants
• Ensure that all participants have registered their attendance on the sign-in sheet.

• Solicit the cooperation of the participants to ensure a good learning 
experience, including limiting cell phone usage to breaks only.

Set expectations:
• Timing of training (approximate length of classroom experience)

• Timing and process for actual demonstrations

-  It is recommended that demonstrations begin during a shift change. 
Depending upon the number of participants, there may need to be several 
demonstrations in order for everyone to have the opportunity to see the 
actual monitor in operation.

Distribute and introduce the Participant Workbook (PW)
• Give participants a few minutes to familiarize themselves with the PW. This 

is the participant’s personal workbook to keep following the training, so 
encourage participants to use it to take notes for future reference.

• Introduce the In-Service Training Checklist, located near the front of the PW, and  
encourage participants to check topics off as they are covered during the training. 

• Point out the Quick Start Guide, which will be an integral part of the troubleshooting 
segment of the In-Service Training and a good reference after the training.

Introduce the Crit-Line III Monitor User’s Manual
• Remind participants that the User’s Manual provides a reference for use of the 

Crit-Line III monitor and should be available in the facility at all times.
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Crit-Line III Monitor Overview

Review the physical features and setup of the Crit-Line III monitor, being sure to point 
out specific items detailed below.

Monitor Features
• Display Screen
• Keypad
• Hemodialysis Sensor Clip
• Power Switch
• DC Input Port
• Serial Data Port/Parallel Data Port
• Sensor Clip Cable
• Docking Station (verification filter)

Setup and power on (the following is for demonstration purposes only)
• Attach blood chamber and check position 
 -  If demonstrating in the classroom, use monitor, chamber and dry dialyzer
 -  If demonstrating on the patient treatment floor, use actual machine
• Prime (per unit procedure)
• Plug Crit-Line III monitor power supply adapter to AC power source
 -  Ensure green light is on 
 -  Review battery life; internal clock battery

	  

Notes: 
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Preparation for Treatment

Review the steps required to prepare for a patient treatment using the Crit-Line III 
monitor, being sure to point out specific features as detailed below:

Verify Accuracy Routine
• Place sensor clip on verification filter

• Main menu: select CALIBRATION

• Once Crit-Line III monitor recognizes filter select VERIFY ACCURACY

-  May take up to one minute

• Press SELECT to initiate remaining one minute process

• Follow directions on screen if verify accuracy routine is not successful

Clear Memory, if Necessary

Enter Initial Data
• Continue with the sensor clip attached to the verification filter to walk 

through an example of entering initial patient data:

-  Adjust Date

-  Adjust Time

-  Enter Station ID

-  Enter Patient ID

-  Enter Patient Name

Note: If using Demo Mode to demonstrate entering initial patient data, do not 
instruct participants how to put the monitor into Demo Mode. 

	  

Notes: 
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Initiation and Termination of Treatment

Review key steps for initiating and terminating treatment on the Crit-Line III monitor, 
being sure to include the following topics: 

Sensor Clip Attachment—Confirm Proper Placement

Start Run

Explain Hematocrit (Hct) Limit and Alarm Function
• Set initial Hct alarm limit

Navigate Screens
• Accessing Summary Box 

• Assess Data Points

-  Hct

-  Blood Volume (BV) Change (%)

-  Minimum Oxygen Saturation

• Adjust Hct Limit (if necessary)

• Change Profile Display 

• Noting Patient Profiles

Marking an Intervention

End Treatment
• Check for Plasma Refill

• Stopping monitor

Print Treatment Results
• Selecting printer method

Download Treatment Results Using Reporter Software

Clearing Memory

Cleaning
• Monitor

• Sensor Clip

• Verification Filter

Ask participants to share any specific policies and procedures that their facility 
recommends for initiation and termination of treatment using the Crit-Line III monitor.
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Troubleshooting

It is important that participants are able to effectively troubleshoot operating alarms 
as well as treatment results. Review the following resources and steps:

Introduce the Quick Start Guide located in the Participant Workbook

• Point out helpful hints and error messages on the back 

Introduce and explain common patient profiles, using the QSG as a guide:
• BV Profile A
• BV Profile B
• BV Profile C

Review troubleshooting questions to consider:
• Is the green light on?
• Was the treatment started correctly?
• Is Hct less than or equal to 30? What was it the last treatment?
• What is the O2 saturation?
• What is the patient’s access type?
• Does the patient need oxygen?
• Is the Hct limit set?

• Address lab differences

Highlight common technical errors: 
• Did not start properly
• Setup incorrectly (see QSG)
• Lab differences

• Not printing

Continue working with alarms and troubleshooting during the hands-on 
demonstration time.
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Notes: 
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Wrapping Up/Hands-on Demonstration

Prior to moving to the patient floor to continue the training:
• Point out the In-Service Training Evaluation, located in the Participant 

Workbook, and ask participants to complete it at the end of the training day.

-  Completing the evaluation is optional.

-  Provide the fax number of your manager so that participants can return  
the evaluation directly (a blank space is provided on the form for the  
fax number).

-  If the form is returned to the trainer, review and distribute internally as 
directed by your manager.

• If applicable, designate a “super user” to be the point person for the  
facility post-training.

Conduct the hands-on demonstrations so that each participant has an 
opportunity to see the Crit-Line III monitor in use during a patient treatment. 
If possible, work with patients who have a more difficult situation to allow for 
greater opportunities to reinforce intervention learnings.

After concluding the hands-on demonstrations, complete the In-Service Training 
Checklist, sign and return to the facility contact.

Conduct exit interview with facility manager:
• Determine if additional follow up and support is needed for the unit; place 

on the call list as needed.

• Explain to staff what to expect during follow up calls and record any 
additional information.

For 24-hour a day technical and clinical support, facilities may contact  
1-800-227-2572

	  

E
FF

E
C

T
IV

E

Printed : 03/06/2017 3:48 PM EST



13

Crit-Line III Monitor In-Service Training Checklist                         

Facility Name: ______________________________________________ Date: __________________

Address: ___________________________________________________________________________

City:______________________________ State: ________________ Zip: _______________________

Contact: ________________________________________________ Phone: ____________________

Instructor: ________________________________________________ Title: _____________________

Number of Participants Trained: _________________

Training Topics: May be modified to accommodate the specific policies and procedures 
of the unit being trained. Checks indicate topics reviewed during In-Service Training; no 
representation is made regarding participant competence or expertise.

TRAINING TOPICS

Crit-Line III Monitor Overview Ending Treatment

Crit-Line III Monitor Features Perform Plasma Refill Checks

Setup and Power On Print/Download Results

Blood Chamber Clear Memory

Sensor Clip Cleaning

Preparation For Treatment Alarms And Troubleshooting

Verify Accuracy QSG Review

Clear Memory Profiles A, B and C

Technical Errors

Treatment

Senor Clip Attachment

Start Run

Hct Limit

Navigating Screens

Marking Interventions and Patient Profiles

Instructor’s Signature: ______________________________________________________________
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Crit-Line III Monitor In-Service Training Sign-in                         
Facility Name: ______________________________________  Date: ____________________ 

Instructor: __________________________________________ 

Attendees Note: Signatures indicate attendance only, not competence or expertise 

If there are In-Service Training attendees from more than one facility, copy this sheet and have a separate sign-in 
for each facility represented.

Print Name Signature Title
1.   

2.   

3.   

4.   

5.   

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.
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Appendix 

 
1. Quick Start Guide for the Crit-Line III Monitor
2. Crit-Line Technology Profile Guide
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Notes: 
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Quick Start Guide

The Crit-Line III monitor must always be used in conjunction with the clinical 
assessment and existing medical history before altering a dialysis treatment.

 1. Keep the Crit-Line III monitor plugged  
  in at all times; power switch OFF  
  when not in use. When plugged in,  
  the green light should be illuminated  
  on the keypad.

 2. Attach disposable blood  
  chamber to arterial side of  
  dialyzer prior to priming.

 3. Prime system per unit procedure.

 4. Turn power switch ON.

 5. Clear memory or print data, if necessary.

 6. Inspect blood chamber to ensure it is fully primed with flowing blood and  
  absent of leakage and/or air bubbles.

 7. Attach sensor clip to disposable chamber.

 8. Select Patient Run. Wait 3–5 minutes with blood pump at ≥150 ml/min to ensure  
  blood is flowing in circuit.

 9. Select Start Run.

10. Verify that the BV Graph begins at zero.

11. If battery dies, turn power off, reattach power supply, wait 20 seconds, turn power  
  back ON.

Helpful Hints

 1. ALWAYS treat patient first; then the Crit-Line III monitor.

 2. Intervene, as necessary, to optimize treatment.

 3. Use Clinical Markers (press arrow keys) to mark events/changes in treatment,   
  (every five minutes as needed).

 4. Plasma refill check PRN or at treatment end; turn UF off or reduce to minimum for  
  ten minutes and assess plasma refill.

 5. If no printing or data retrieval available, suggest charting information from History  
  Box, such as Hct (start), Hgb (start), Sat (min), Hct (max), and ending BV Change %.

 6. Select “Stop” before saline rinse back procedure.

QUICK START GUIDE
For the Crit-Line III Monitor
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Quick Start Guide

©2014 Fresenius Medical Care North America. All rights reserved. Fresenius Medical Care, Fresenius Renal Therapies, triangle logo,  
and Crit-Line are trademarks of Fresenius Medical Care Holdings, Inc. or its affiliated companies. P/N 101431-01 Rev C 10/2014

Indication for Use: The Crit-Line III monitor is a non-invasive hematocrit, oxygen saturation and percent change 
in blood volume monitor used in the treatment of hemodialysis patients. In addition, the Crit-Line III monitor 
estimates access recirculation and access blood flow in hemodialysis patients. 

Caution: Federal (US) law restricts this device to sale by or on the order of a physician. 

Note: Read the Instructions for Use for safe and proper use of this device. For a complete description of hazards, 
contraindications, side effects and precautions, see full package labeling at www.fmcna.com.

Error Messages

Warning Low Voltage Shutdown in 02:00
Battery is reaching full discharge and power supply 
is not attached. Immediately reattach power 
supply to monitor to avoid monitor turning OFF.

For additional troubleshooting, contact 
Customer Service at 800-546-5463 option #4

Error Sensor Obstruction
Sensor is obstructed or blood has become so 
dense (i.e., blood clot) that  measurement is  
not possible. The sensor  may be obstructed  
with foreign material, or may be malfunctioning.

Error No Blood Detected
Sensor is not able to detect blood. Sensor is not 
correctly attached to chamber or  saline/air is 
present in chamber.
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Profile Guide

The Crit-Line monitor provides clinicians with real-time information about blood 
volume (BV) changes during dialysis. This includes the dynamics of BV changes 
as described in Profile A, B and C as well as the plasma refill rate at the end of 
dialysis. The Crit-Line monitor further measures oxygen saturation. All Crit-Line 
monitor parameters must be considered in conjunction with the patient’s clinical 
assessment, comorbidities and existing medical history before prescribing or 
changing a dialysis treatment.

With the ultrafiltration rate above minimum, a flat or positive 
profile indicates that the patient’s Plasma Refill Rate is 
occurring at the same or a greater rate than ultrafiltration. 
BV Profile A suggests that the ultrafiltration rate might be 
increased without immediate risk of intradialytic symptoms.

A Profile B or gradual slope, has been targeted to find 
the best compromise between a high ultrafiltration rate 
and the prevention of intradialytic symptoms. The ideal 
slope is not a fixed percentage of the change in BV, and 
will vary from patient to patient. Typical published values 
range from -3% to -8% per hour depending on patient 
characteristics and algorithm.1,2,3 As a precaution, patients 
should be more closely monitored as they approach or 
exceed a BV change of about -6.5% per hour.

A steep slope represents a rapid decrease in blood volume 
and bears a higher risk for intradialytic symptoms. Literature 
indicates that this might occur at a BV change of > –8% 
per hour1,3,4,5 or at a total BV change of > –16% at the end 
of a 3-4 hour dialysis session.1,2,3 However, some patients 
may have a lower or higher tolerance depending on 
cardiovascular status and other comorbidities.

Profile A—Flat or Positive Slope

Profile B—Gradual Slope

Profile C—Steep Slope

Assessment of Crash Symptoms
Cramping, Nausea, Vomiting, Lightheadedness, Hypotension
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With the ultrafiltration rate above minimum, a flat or positive 
profile indicates that the patient’s Plasma Refill Rate is occurring at 
the same or a greater rate than ultrafiltration. BV Profile A suggests 
that the ultrafiltration rate might be increased without immediate 
risk of intradialytic symptoms.

A gradual slope has been targeted to find the best compromise between a high 
ultrafiltration rate and the prevention of intradialytic symptoms. The ideal slope 
is not a fixed percentage of BV decrease, and will vary from patient to patient. 
Typical published values seem to range from –1.33%/h to –8%/h depending on 
patient characteristics and algorithm. Published algorithm in chronic hemodi-
alysis patients suggest a BV change of up to ≤ –8%/h in the 1st hour, with an 
additional BV change of < –4%/h in the following hours, up to a maximum total 
BV change of –16% at the end of a 3–4 hour dialysis. 1, 2, 3  Another study  
suggests a minimal average BV change of > –1.33%/h over four hours to be  
favorable. 4

1. Turn ultrafiltration off or reduce to minimum ultrafiltration rate.
2. Record Hct value
3. Wait 10 minutes
4. Record Hct value
5.  If Hct value has decreased by ≥0.5, refill is present, indicating that additional 

fluid might be available for removal
6.  If Hct has decreased by <0.5, no post-dialytic vascular refill is present. Extra-

cellular fluid is not shifting to the vascular compartment, indicating that addi-
tional fluid removal without increased risk of intradialytic symptoms is limited.

Assessment of Low Arterial Oxygen Saturation
From graft or fistula
Normal Range > 90%

Assessment of Low Mixed Venous Oxygen Saturation
From catheter
Normal Range 60-80%

A steep slope represents a rapid decrease in blood volume which
bears a higher risk for intradialytic symptoms. Literature indicates 
that this might occur at a BV change of > –8%/h 1, 3, 5, 6 or at a total BV 
change of –16% at the end of a 3-4 hour dialysis. 1, 2, 3  However some 
patients may have a lower or higher tolerance depending on cardiovas-
cular status and other comorbidities.

Points to Consider
1.  Follow facility standard  

rescuscitation protocol
2.  Decrease goal to minimum  

ultrafiltration rate
3.  Perform a thorough clinical  

evaluation of the patient

4. Assess oxygen saturation
5.  Record maximum hematocrit 

and consider modifying  
hematocrit limit

6. Reassess target weight
7.  Reassess patient medications 

and other potential root causes

BV Profile A - Flat or Positive Slope

BV Profile B - Gradual Slope

BV Profile C - Steep Slope

Arterial Oxygen Saturation

Assessment of Plasma Refill

Venous Oxygen Saturation

Assessment of Crash Symptoms
Cramping, Nausea
Vomiting, Lightheadedness,
Hypotension

Crit-Line Monitor provides the clinician with real-time information about Blood Volume (BV) changes 
during dialysis. This includes the dynamics of BV changes as described in profile A, B and C as well as 
the plasma refill rate at the end of dialysis. Crit-Line Monitor further measures oxygen saturation. All 
Crit-Line Monitor parameters must be considered in conjunction with the patient’s clinical assessment, 
comorbidities and existing medical history before prescribing or changing a dialysis treatment.
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With the ultrafiltration rate above minimum, a flat or positive 
profile indicates that the patient’s Plasma Refill Rate is occurring at 
the same or a greater rate than ultrafiltration. BV Profile A suggests 
that the ultrafiltration rate might be increased without immediate 
risk of intradialytic symptoms.

A gradual slope has been targeted to find the best compromise between a high 
ultrafiltration rate and the prevention of intradialytic symptoms. The ideal slope 
is not a fixed percentage of BV decrease, and will vary from patient to patient. 
Typical published values seem to range from –1.33%/h to –8%/h depending on 
patient characteristics and algorithm. Published algorithm in chronic hemodi-
alysis patients suggest a BV change of up to ≤ –8%/h in the 1st hour, with an 
additional BV change of < –4%/h in the following hours, up to a maximum total 
BV change of –16% at the end of a 3–4 hour dialysis. 1, 2, 3  Another study  
suggests a minimal average BV change of > –1.33%/h over four hours to be  
favorable. 4

1. Turn ultrafiltration off or reduce to minimum ultrafiltration rate.
2. Record Hct value
3. Wait 10 minutes
4. Record Hct value
5.  If Hct value has decreased by ≥0.5, refill is present, indicating that additional 

fluid might be available for removal
6.  If Hct has decreased by <0.5, no post-dialytic vascular refill is present. Extra-

cellular fluid is not shifting to the vascular compartment, indicating that addi-
tional fluid removal without increased risk of intradialytic symptoms is limited.

Assessment of Low Arterial Oxygen Saturation
From graft or fistula
Normal Range > 90%

Assessment of Low Mixed Venous Oxygen Saturation
From catheter
Normal Range 60-80%

A steep slope represents a rapid decrease in blood volume which
bears a higher risk for intradialytic symptoms. Literature indicates 
that this might occur at a BV change of > –8%/h 1, 3, 5, 6 or at a total BV 
change of –16% at the end of a 3-4 hour dialysis. 1, 2, 3  However some 
patients may have a lower or higher tolerance depending on cardiovas-
cular status and other comorbidities.

Points to Consider
1.  Follow facility standard  

rescuscitation protocol
2.  Decrease goal to minimum  

ultrafiltration rate
3.  Perform a thorough clinical  

evaluation of the patient

4. Assess oxygen saturation
5.  Record maximum hematocrit 

and consider modifying  
hematocrit limit

6. Reassess target weight
7.  Reassess patient medications 

and other potential root causes

BV Profile A - Flat or Positive Slope

BV Profile B - Gradual Slope

BV Profile C - Steep Slope

Arterial Oxygen Saturation

Assessment of Plasma Refill

Venous Oxygen Saturation

Assessment of Crash Symptoms
Cramping, Nausea
Vomiting, Lightheadedness,
Hypotension

Crit-Line Monitor provides the clinician with real-time information about Blood Volume (BV) changes 
during dialysis. This includes the dynamics of BV changes as described in profile A, B and C as well as 
the plasma refill rate at the end of dialysis. Crit-Line Monitor further measures oxygen saturation. All 
Crit-Line Monitor parameters must be considered in conjunction with the patient’s clinical assessment, 
comorbidities and existing medical history before prescribing or changing a dialysis treatment.
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With the ultrafiltration rate above minimum, a flat or positive 
profile indicates that the patient’s Plasma Refill Rate is occurring at 
the same or a greater rate than ultrafiltration. BV Profile A suggests 
that the ultrafiltration rate might be increased without immediate 
risk of intradialytic symptoms.

A gradual slope has been targeted to find the best compromise between a high 
ultrafiltration rate and the prevention of intradialytic symptoms. The ideal slope 
is not a fixed percentage of BV decrease, and will vary from patient to patient. 
Typical published values seem to range from –1.33%/h to –8%/h depending on 
patient characteristics and algorithm. Published algorithm in chronic hemodi-
alysis patients suggest a BV change of up to ≤ –8%/h in the 1st hour, with an 
additional BV change of < –4%/h in the following hours, up to a maximum total 
BV change of –16% at the end of a 3–4 hour dialysis. 1, 2, 3  Another study  
suggests a minimal average BV change of > –1.33%/h over four hours to be  
favorable. 4

1. Turn ultrafiltration off or reduce to minimum ultrafiltration rate.
2. Record Hct value
3. Wait 10 minutes
4. Record Hct value
5.  If Hct value has decreased by ≥0.5, refill is present, indicating that additional 

fluid might be available for removal
6.  If Hct has decreased by <0.5, no post-dialytic vascular refill is present. Extra-

cellular fluid is not shifting to the vascular compartment, indicating that addi-
tional fluid removal without increased risk of intradialytic symptoms is limited.

Assessment of Low Arterial Oxygen Saturation
From graft or fistula
Normal Range > 90%

Assessment of Low Mixed Venous Oxygen Saturation
From catheter
Normal Range 60-80%

A steep slope represents a rapid decrease in blood volume which
bears a higher risk for intradialytic symptoms. Literature indicates 
that this might occur at a BV change of > –8%/h 1, 3, 5, 6 or at a total BV 
change of –16% at the end of a 3-4 hour dialysis. 1, 2, 3  However some 
patients may have a lower or higher tolerance depending on cardiovas-
cular status and other comorbidities.

Points to Consider
1.  Follow facility standard  

rescuscitation protocol
2.  Decrease goal to minimum  

ultrafiltration rate
3.  Perform a thorough clinical  

evaluation of the patient

4. Assess oxygen saturation
5.  Record maximum hematocrit 

and consider modifying  
hematocrit limit

6. Reassess target weight
7.  Reassess patient medications 

and other potential root causes

BV Profile A - Flat or Positive Slope

BV Profile B - Gradual Slope

BV Profile C - Steep Slope

Arterial Oxygen Saturation

Assessment of Plasma Refill

Venous Oxygen Saturation

Assessment of Crash Symptoms
Cramping, Nausea
Vomiting, Lightheadedness,
Hypotension

Crit-Line Monitor provides the clinician with real-time information about Blood Volume (BV) changes 
during dialysis. This includes the dynamics of BV changes as described in profile A, B and C as well as 
the plasma refill rate at the end of dialysis. Crit-Line Monitor further measures oxygen saturation. All 
Crit-Line Monitor parameters must be considered in conjunction with the patient’s clinical assessment, 
comorbidities and existing medical history before prescribing or changing a dialysis treatment.

Points to Consider
1. Follow facility standard rescuscitation protocol
2. Decrease goal to minimum ultrafiltration rate
3. Perform a thorough clinical evaluation of the patient
4. Assess oxygen saturation
5. Record maximum hematocrit and consider modifying hematocrit limit
6. Reassess target weight
7. Reassess patient medications and other potential root causes
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Indication for Use: The Crit-Line III monitor is a non-invasive hematocrit, oxygen saturation and percent change in blood volume 
monitor used in the treatment of hemodialysis patients. In addition, the Crit-Line III monitor estimates access recirculation and 
access blood flow in hemodialysis patients. 

Caution: Federal (US) law restricts this device to sale by or on the order of a physician. 

Note: Read the Instructions for Use for safe and proper use of this device. For a complete description of hazards, 
contraindications, side effects and precautions, see full package labeling at www.fmcna.com.

Assessment of Plasma Refill

Arterial Oxygen Saturation

Venous Oxygen Saturation

1. Turn ultrafiltration off or reduce to minimum ultrafiltration rate.
2. Record Hct value
3. Wait 10 minutes
4. Record Hct value
5. If Hct value has decreased by ≥ 0.5, refill is present, indicating that   
 additional fluid might be available for removal.
6. If Hct has decreased by < 0.5, no post-dialytic vascular refill is present.  
 Extracellular fluid is not shifting to the vascular compartment, indicating  

  that additional fluid removal, without increased risk of intradialytic   
  symptoms, is limited.
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With the ultrafiltration rate above minimum, a flat or positive 
profile indicates that the patient’s Plasma Refill Rate is occurring at 
the same or a greater rate than ultrafiltration. BV Profile A suggests 
that the ultrafiltration rate might be increased without immediate 
risk of intradialytic symptoms.

A gradual slope has been targeted to find the best compromise between a high 
ultrafiltration rate and the prevention of intradialytic symptoms. The ideal slope 
is not a fixed percentage of BV decrease, and will vary from patient to patient. 
Typical published values seem to range from –1.33%/h to –8%/h depending on 
patient characteristics and algorithm. Published algorithm in chronic hemodi-
alysis patients suggest a BV change of up to ≤ –8%/h in the 1st hour, with an 
additional BV change of < –4%/h in the following hours, up to a maximum total 
BV change of –16% at the end of a 3–4 hour dialysis. 1, 2, 3  Another study  
suggests a minimal average BV change of > –1.33%/h over four hours to be  
favorable. 4

1. Turn ultrafiltration off or reduce to minimum ultrafiltration rate.
2. Record Hct value
3. Wait 10 minutes
4. Record Hct value
5.  If Hct value has decreased by ≥0.5, refill is present, indicating that additional 

fluid might be available for removal
6.  If Hct has decreased by <0.5, no post-dialytic vascular refill is present. Extra-

cellular fluid is not shifting to the vascular compartment, indicating that addi-
tional fluid removal without increased risk of intradialytic symptoms is limited.

Assessment of Low Arterial Oxygen Saturation
From graft or fistula
Normal Range > 90%

Assessment of Low Mixed Venous Oxygen Saturation
From catheter
Normal Range 60-80%

A steep slope represents a rapid decrease in blood volume which
bears a higher risk for intradialytic symptoms. Literature indicates 
that this might occur at a BV change of > –8%/h 1, 3, 5, 6 or at a total BV 
change of –16% at the end of a 3-4 hour dialysis. 1, 2, 3  However some 
patients may have a lower or higher tolerance depending on cardiovas-
cular status and other comorbidities.

Points to Consider
1.  Follow facility standard  

rescuscitation protocol
2.  Decrease goal to minimum  

ultrafiltration rate
3.  Perform a thorough clinical  

evaluation of the patient

4. Assess oxygen saturation
5.  Record maximum hematocrit 

and consider modifying  
hematocrit limit

6. Reassess target weight
7.  Reassess patient medications 

and other potential root causes

BV Profile A - Flat or Positive Slope

BV Profile B - Gradual Slope

BV Profile C - Steep Slope

Arterial Oxygen Saturation

Assessment of Plasma Refill

Venous Oxygen Saturation

Assessment of Crash Symptoms
Cramping, Nausea
Vomiting, Lightheadedness,
Hypotension

Crit-Line Monitor provides the clinician with real-time information about Blood Volume (BV) changes 
during dialysis. This includes the dynamics of BV changes as described in profile A, B and C as well as 
the plasma refill rate at the end of dialysis. Crit-Line Monitor further measures oxygen saturation. All 
Crit-Line Monitor parameters must be considered in conjunction with the patient’s clinical assessment, 
comorbidities and existing medical history before prescribing or changing a dialysis treatment.
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With the ultrafiltration rate above minimum, a flat or positive 
profile indicates that the patient’s Plasma Refill Rate is occurring at 
the same or a greater rate than ultrafiltration. BV Profile A suggests 
that the ultrafiltration rate might be increased without immediate 
risk of intradialytic symptoms.

A gradual slope has been targeted to find the best compromise between a high 
ultrafiltration rate and the prevention of intradialytic symptoms. The ideal slope 
is not a fixed percentage of BV decrease, and will vary from patient to patient. 
Typical published values seem to range from –1.33%/h to –8%/h depending on 
patient characteristics and algorithm. Published algorithm in chronic hemodi-
alysis patients suggest a BV change of up to ≤ –8%/h in the 1st hour, with an 
additional BV change of < –4%/h in the following hours, up to a maximum total 
BV change of –16% at the end of a 3–4 hour dialysis. 1, 2, 3  Another study  
suggests a minimal average BV change of > –1.33%/h over four hours to be  
favorable. 4

1. Turn ultrafiltration off or reduce to minimum ultrafiltration rate.
2. Record Hct value
3. Wait 10 minutes
4. Record Hct value
5.  If Hct value has decreased by ≥0.5, refill is present, indicating that additional 

fluid might be available for removal
6.  If Hct has decreased by <0.5, no post-dialytic vascular refill is present. Extra-

cellular fluid is not shifting to the vascular compartment, indicating that addi-
tional fluid removal without increased risk of intradialytic symptoms is limited.

Assessment of Low Arterial Oxygen Saturation
From graft or fistula
Normal Range > 90%

Assessment of Low Mixed Venous Oxygen Saturation
From catheter
Normal Range 60-80%

A steep slope represents a rapid decrease in blood volume which
bears a higher risk for intradialytic symptoms. Literature indicates 
that this might occur at a BV change of > –8%/h 1, 3, 5, 6 or at a total BV 
change of –16% at the end of a 3-4 hour dialysis. 1, 2, 3  However some 
patients may have a lower or higher tolerance depending on cardiovas-
cular status and other comorbidities.

Points to Consider
1.  Follow facility standard  

rescuscitation protocol
2.  Decrease goal to minimum  

ultrafiltration rate
3.  Perform a thorough clinical  

evaluation of the patient

4. Assess oxygen saturation
5.  Record maximum hematocrit 

and consider modifying  
hematocrit limit

6. Reassess target weight
7.  Reassess patient medications 

and other potential root causes

BV Profile A - Flat or Positive Slope

BV Profile B - Gradual Slope

BV Profile C - Steep Slope

Arterial Oxygen Saturation

Assessment of Plasma Refill

Venous Oxygen Saturation

Assessment of Crash Symptoms
Cramping, Nausea
Vomiting, Lightheadedness,
Hypotension

Crit-Line Monitor provides the clinician with real-time information about Blood Volume (BV) changes 
during dialysis. This includes the dynamics of BV changes as described in profile A, B and C as well as 
the plasma refill rate at the end of dialysis. Crit-Line Monitor further measures oxygen saturation. All 
Crit-Line Monitor parameters must be considered in conjunction with the patient’s clinical assessment, 
comorbidities and existing medical history before prescribing or changing a dialysis treatment.
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With the ultrafiltration rate above minimum, a flat or positive 
profile indicates that the patient’s Plasma Refill Rate is occurring at 
the same or a greater rate than ultrafiltration. BV Profile A suggests 
that the ultrafiltration rate might be increased without immediate 
risk of intradialytic symptoms.

A gradual slope has been targeted to find the best compromise between a high 
ultrafiltration rate and the prevention of intradialytic symptoms. The ideal slope 
is not a fixed percentage of BV decrease, and will vary from patient to patient. 
Typical published values seem to range from –1.33%/h to –8%/h depending on 
patient characteristics and algorithm. Published algorithm in chronic hemodi-
alysis patients suggest a BV change of up to ≤ –8%/h in the 1st hour, with an 
additional BV change of < –4%/h in the following hours, up to a maximum total 
BV change of –16% at the end of a 3–4 hour dialysis. 1, 2, 3  Another study  
suggests a minimal average BV change of > –1.33%/h over four hours to be  
favorable. 4

1. Turn ultrafiltration off or reduce to minimum ultrafiltration rate.
2. Record Hct value
3. Wait 10 minutes
4. Record Hct value
5.  If Hct value has decreased by ≥0.5, refill is present, indicating that additional 

fluid might be available for removal
6.  If Hct has decreased by <0.5, no post-dialytic vascular refill is present. Extra-

cellular fluid is not shifting to the vascular compartment, indicating that addi-
tional fluid removal without increased risk of intradialytic symptoms is limited.

Assessment of Low Arterial Oxygen Saturation
From graft or fistula
Normal Range > 90%

Assessment of Low Mixed Venous Oxygen Saturation
From catheter
Normal Range 60-80%

A steep slope represents a rapid decrease in blood volume which
bears a higher risk for intradialytic symptoms. Literature indicates 
that this might occur at a BV change of > –8%/h 1, 3, 5, 6 or at a total BV 
change of –16% at the end of a 3-4 hour dialysis. 1, 2, 3  However some 
patients may have a lower or higher tolerance depending on cardiovas-
cular status and other comorbidities.

Points to Consider
1.  Follow facility standard  

rescuscitation protocol
2.  Decrease goal to minimum  

ultrafiltration rate
3.  Perform a thorough clinical  

evaluation of the patient

4. Assess oxygen saturation
5.  Record maximum hematocrit 

and consider modifying  
hematocrit limit

6. Reassess target weight
7.  Reassess patient medications 

and other potential root causes

BV Profile A - Flat or Positive Slope

BV Profile B - Gradual Slope

BV Profile C - Steep Slope

Arterial Oxygen Saturation

Assessment of Plasma Refill

Venous Oxygen Saturation

Assessment of Crash Symptoms
Cramping, Nausea
Vomiting, Lightheadedness,
Hypotension

Crit-Line Monitor provides the clinician with real-time information about Blood Volume (BV) changes 
during dialysis. This includes the dynamics of BV changes as described in profile A, B and C as well as 
the plasma refill rate at the end of dialysis. Crit-Line Monitor further measures oxygen saturation. All 
Crit-Line Monitor parameters must be considered in conjunction with the patient’s clinical assessment, 
comorbidities and existing medical history before prescribing or changing a dialysis treatment.

Assessment of Low Arterial Oxygen Saturation
From graft or fistula 
Normal Range >90%

Assessment of Low Mixed Venous Oxygen Saturation
From catheter
Normal Range 60–80%

References
1. Rodriguez HJ, Domenici R, Diroll A, Goykhman I, “Assessment of Dry Weight by Monitoring Changes in Blood Volume During Hemodialysis Using Crit-Line,” Kidney International 68 (2005)854–861.
2. Goldstein S, Smith C, Currier H, “Non-invasive Interventions to Decrease Hospitalization and Associated Costs for Pediatric Patients Receiving Hemodialysis,” Journal of American Society of   
 Nephrology 14 (2003): 2127–2131.
3. Michael M, Brewer ED, Goldstein SL, “Blood Volume Monitoring to Achieve Target Weight in Pediatric Hemodialysis Patients,” Pediatric Nephrology 19:4 (2004): 432–437.
4. Sinha AD, Light RP, Agarwal R, “Relative Plasma Volume Monitoring During Hemodialysis Aids the Assessment of Dry Weight,” Hypertension 55(2010): 305-3110.
5. Reddan, DN, Szczech, LA et al, “Intradialytic Blood Volume Monitoring in Ambulatory Hemodialysis Patients: A Randomized Trial,”Journal of American Socierty of Nephrology 16(2005): 2162–2169.

E
FF

E
C

T
IV

E

Printed : 03/06/2017 3:48 PM EST



23

Notes: 

E
FF

E
C

T
IV

E

Printed : 03/06/2017 3:48 PM EST



24

Notes: 

E
FF

E
C

T
IV

E

Printed : 03/06/2017 3:48 PM EST



E
FF

E
C

T
IV

E

Printed : 03/06/2017 3:48 PM EST



26

© 2015 Fresenius Medical Care, All Rights Reserved. Fresenius Medical Care, Fresenius Renal Technologies, Fresenius Renal Therapies,  
the triangle logo, and Crit-Line are trademarks of Fresenius Medical Care Holdings, Inc. or its affiliated companies. All other trademarks  
are the property of their respective owners. P/N 101773-01 Rev B 02/2015

E
FF

E
C

T
IV

E

Printed : 03/06/2017 3:48 PM EST


