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CMS Conditions for Coverage: 
Vascular Access 

U.S. Department of Health and Human Services, Centers for Medicare and Medicaid Services (2008), Part 494 Conditions For Coverage for 
End-Stage Renal Disease Facilities, Interpretive Guidelines



KDOQI Clinical Practice Guidelines and Clinical 
Practice Recommendations Vascular Access (2006)

• GUIDELINE 4. DETECTION OF ACCESS DYSFUNCTION: MONITORING, 
SURVEILLANCE, AND DIAGNOSTIC TESTING

• Prospective surveillance of fistulae and grafts for hemodynamically 
significant stenosis, when combined with correction of the anatomic 
stenosis, may improve patency rates and may decrease the incidence of 
thrombosis.

• 4.1 Physical examination (monitoring):
• Physical examination should be used to detect dysfunction in fistulae and 

grafts at least monthly by a qualified individual. (B)



KDOQI 4.2 Surveillance of Grafts:
4.2 Surveillance of Grafts:
• Techniques, not mutually exclusive, that may be used 

in surveillance for stenosis in grafts include:
• •4.2.1 Preferred:
• ◦4.2.1.1 Intra-access flow by using 1 of several 

methods that are outlined in Table 7 using sequential 
measurements with trend analysis. (A)

• ◦4.2.1.2 Directly measured or derived static venous 
dialysis pressure by 1 of several methods. (A) 
(Protocol provided in Table 8 for using transducers on 
HD machines to measure directly; criteria in Table 9 
for derived methods.)

• ◦4.2.1.3 Duplex ultrasound. (A)
• •4.2.2 Acceptable: ◦4.2.2.1 Physical findings of 

persistent swelling of the arm, presence of collateral 
veins, prolonged bleeding after needle withdrawal, or 
altered characteristics of pulse or thrill in a graft. (B)

• •4.2.3 Unacceptable: ◦4.2.3.1 Unstandardized 
dynamic venous pressures (DVPs) should not be used. 

4.3 Surveillance in Fistulae:
• Techniques, not mutually exclusive, that may 

be used in surveillance for stenosis in AVFs 
include:

• •4.3.1 Preferred: ◦4.3.1.1 Direct flow 
measurements. (A)

• ◦4.3.1.2 Physical findings of persistent 
swelling of the arm, presence of collateral 
veins, prolonged bleeding after needle 
withdrawal, or altered characteristics of pulse 
or thrill in the outflow vein. (B)

• ◦4.3.1.3 Duplex ultrasound. (A)
• •4.3.2 Acceptable: ◦4.3.2.1 Recirculation using 

a non–urea-based dilutional method. (B)
• ◦4.3.2.2 Static pressures (B), direct or derived. 

(B



KDOQI Flow Methods in Dialysis Access
Method Still Available Method 

Duplex Doppler Ultrasound (DDU) Yes- but not available in the dialysis unit

Magnetic Resonance Angiography (MRA) Yes- but not available in the dialysis unit

Variable Flow Doppler Ultrasound (VFDU) Yes- but not available in the dialysis unit

Ultrasound Dilution (UDT) Transonic Yes

Crit-line (optodilution) (OABF) HemaMetrics/FMC Feature Off the Market 

Crit-line (direct transcutaneous) (TQA) 
HemaMetrics/FMC

Feature Off the Market

Glucose pump infusion technique (GPT) Used in research only 

Urea Dilution (UreaD) Used in research only 

Differential Conductivity (HDM) Gambro Feature Off the Market

In Line Dialysance (DD) Fresenius Yes- intergraded with Fresenius HD machine as On-
Line Clearance feature 
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Trends in vascular access type use among ESRD prevalent patients, 2003-2014

Data Source: Special analyses, USRDS ESRD Database, and Fistula First data. Fistula First data reported from July 2003 through April 2012, CROWNWeb data are 
reported from June 2012 through December 2014. Abbreviations: AV, arteriovenous; ESRD, end-stage renal disease.

2016 Annual Data Report, Vol 2, 
ESRD, Ch 4 

Increase in 
AVF rates 

Decrease 
AVG rates 



Access Flow By Type and Location 

AVG Lower Arm AVF Lower Arm AVF Upper Arm 

400-1000 mL/min 300-800 mL/min 300->3000 mL/min



Methods to be Reviewed 
• In Line Dialysance (DD) Fresenius - now On-Line Clearance (OLC) is a 

Surrogate for flow
• Ultrasound Dilution (UDT) Transonic actual flow measurement 



Fresenius OLC Steps

Source http://fmcna-bloodlines.com/twister.html 

10-12 minutes for 1st KECN



Fresenius OLC Steps

10-12 minutes 2nd KECN with 
Blood Flow Reduced 



Fresenius OCT Steps 

KECN MATH

1st KECN 240

AF KECN 193

Delta of the 
difference 

47



Delta of 1st KECN to AF KECN Math 
• Recirculation within the access
• A difference of approximately less than (<) 20 points between K 

Access Flow 1 to K Access Flow 2
• Can also be “negative error value” on the machine

• High flow access
• A significant difference of greater than (>)20 points between K Access 

Flow 1 to K Access Flow 2



Fresenius On-line Clearance: One 
Main Publication



Comparison of Access Flow Rates 
OCL-AF vs. Transonic AF

Comparison of Hemodialysis Blood Access Flow Rates Using Online Measurement of Conductivity 
Dialysance and Ultrasound Dilution by Lacson, Eduardo et al. in American Journal of Kidney Diseases , 
Volume 51 , Issue 1 , 99 - 106  2007

Green AF less than 
800 mL/min close 
correlation

Red AF >800 mL/min  
not good correlation 



Transonic Hemodialysis Monitor 



Ease of Use
• Portable (rechargeable battery)
• Easy to clean
• Touch screen operated
• Short measurement period (<10 min)
• Sensors easily attach to outside of 

existing dialysis tubing



Ultrasound Dilution Technology

•Recirculation •Access Flow
•with line reversal 
Krivitski Method®



Recirculation



Access Flow



Advanced Software Capability
• Trend access flows
• Generate high risk alert lists
• Display & print reports 
• Track interventions & see their impact
• Generate patient & clinic statistics
• Schedule & track patients



Fresenius OLC vs. Transonic Ultrasound Dilution 
Clinical Measurement Access Type Fresenius OLC Transonic Ultrasound Dilution 

Access Flow AVF, AVG  Range ends at 2000 
mL/min 

 Range ends at 4000 mL/min 

Access Recirculation AVF, AVG, Catheters No  True 0%

Delivered Flow AVF, AVG, Catheters No 

Cardiac Output 
including AF/CO ratio

AVF/AVG No 

Data Trending AVF, AVG, Catheter No 

Time for Measurement Catheter

AVF, AVG 

No

20-22 mins

DFR and Recirculation 5 mins 

10 mins for all measurements, 
documentation and infection 

control between patients  

Time of Reduced Blood 
Flow Rates

20-24 mins per test at 
200-300

2 mins for line reversal and 
measurement 



Transonic Cardiac Output Parameters
Transonic proprietary ultrasound indicator dilution technology 
measures Cardiac Output and reports the following derived cardiac 
function parameters:

• Cardiac Output (CO); 
• Cardiac Index (CI);
• Peripheral Resistance (PR);
• Central Blood Volume (CBV);
• Central Blood Volume Index (CBVI);
• Ratio of Access Flow to Cardiac Output (AF/CO).



CO Measurements Require IV Push
• The CO measurement requires the rapid injection of 30cc’s of 

body temperature normal saline into the special bloodline tubing 
inserted between the standard bloodlines and the AV fistula 
needles 



Transonic Screen Display of Cardiac Output 
Flow-QC screen reports 
Cardiac Output and 
Cardiac Index (CI). 
Software also displays 
Height, Weight, Heart 
Rate, Blood Pressure, 
Peripheral Resistance, 
Central Blood Volume and 
Central Blood Volume 
Index, Systemic Cardiac 
Index and Stroke Volume.



Clinical Relevance 



Clinical Relevance Fluid Volume Related  



What About the Cardiovascular Effects of 
an AV Fistula?  

MacRae JM et al, “The Cardiovascular Effects of Arteriovenous Fistulas in Chronic 
Kidney disease: A Cause for Concern?” Seminar in Dialysis 2006; 19:349-352 



Cardiovascular Effects of an AV Fistula 



AF/CO Ratio
• The AF/CO ratio is the percentage ratio of the 

patient’s access flow to the patient’s cardiac 
output.

• If too much cardiac output is being diverted to 
the AV fistula, the patient is at risk of High 
Output Cardiac Failure 

• AF/CO ratio should be less than 25% 
• AV/CO ratio greater than 30% should be 

evaluated  
• VA fistula banding to reduce the arterial inflow 

can be used to alter the AF/CO ratio



Nurse Lead Program in Canada 



Learn More 
• www.transonic.com
• https://fmcna.com/renal-products/

http://www.transonic.com/
https://fmcna.com/renal-products/
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