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CMS Conditions for Coverage:
Vascular Access

511 Evaluation of access type Referrals for access creation

550/551 IDT provide access monitoring  Clinic must have on-going monitoring
and referrals need to createand and surveillance program
sustain vascular access Plan of Care for the Dialysis Access

456 Patientto be informed and Self-cannulation needs to be an option
participatein all aspects of their
care

512 Eval patients desired level of Support patients active role in care
participationin the dialysiscare such as access care
process

455 Privacy & Confidentiality of HIPAA release is NOT required to share
Medical Records protected health information for

continuity of care




KDOQI Clinical Practice Guidelines and Clinical
Practice Recommendations Vascular Access ..

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

e 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.

e 4.1 Physical examination (monitoring):

e Physical examination should be used to detect dysfunction in fistulae and
grafts at least monthly by a qualified individual. (B)
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KDOQI 4.2 Surveillance of Grafts:

4.3 Surveillance in Fistulae:

4.2 Surveillance of Grafts:

» Techniques, not mutually exclusive, that may be used
in surveillance for stenosis in grafts include:

e o4.2.1 Preferred:

e °4.2.1.1 Intra-access flow by usinF 1 of several .
methods that are outlined in Table 7 using sequential
measurements with trend analysis. (A)

e °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.)

e 04.2.1.3 Duplex ultrasound. (A)

e ¢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)

e ¢4.2.3 Unacceptable: °4.2.3.1 Unstandardized
dynamic venous pressures (DVPs) should not be used.

Technigu_es, 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)

ZZBL3.2.2 Static pressures (B), direct or derived.




KDOQI Flow Methods in Dialysis Access
Method _|still AvailableMethod |

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

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

Crit-line (direct transcutaneous) (TQA) Feature Off the Market
HemaMetrics/FMC

Glucose pump infusion technique (GPT) Used in research only
Urea Dilution (UreaD) Used in research only
Differential Conductivity (HDM) Gambro Feature Off the Market
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Trends in vascular access type use among ESRD prevalent patients, 2003-2014

— AV fistula AV graft
Catheter use > 90 days s Any catheter
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40 AVF rates
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AVG rafes
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Year
Data Source: Special analyses, USRDS ESRD Database, and Fistuia First data. Fistuia First data reported from july 2003 througn Aprii 201z, CROWNWeb data are
reported from June 2012 through December 2014. Abbreviations: AV, arteriovenous; ESRD, end-stage renal disease.

2016 Annual Data Report, Vol 2,

Percent of patients
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I T
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

e Ultrasound Dilution (UDT) Transonic actual flow measurement
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Fresenius OLC Steps
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10-12 minutes for 15t KECN

Source http

://fmcna-bloodlines.com/twister.html
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Fresenius OLC Steps

Switch bloodlines back

® Press CONFIRM.

Blood Vol.Processed
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Fresenius OCT Steps

Blood Pressure

10:51
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Lo i o
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- m Single Pool
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: 474
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Delta of 1st KECN to AF KECN Math

e Recirculation within the access

e A difference of approximately less than (<) 20 points between K
Access Flow 1 to K Access Flow 2

e 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

R r\(;(.‘i;“gs\J
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Fresenius On-line Clearance: One
Main Publication

Comparison of Hemodialysis Blood Access Flow Rates Using Online
Measurement of Conductivity Dialysance and Ultrasound Dilution

Eduardo Lacson, Jr, MD, MPH, FASN," J. Michael Lazarus, MD,” Roy Panlilio, MD,"
and Frank Gotch, MD"#

Background: Routine access flow (AF) surveillance is recommended by the Kidney Disease
Outcomes Quality Initiative as one of several components for an arteriovenous vascular access
maintenance program. A reliable, but affordable, measurement tool is needed for outpatient hemodialy-
sis facilities.

Study Design: Diagnostic test study.

Setting & Participants: 50 adult patients with 27 grafts and 23 fistulas from a single center who
consentad to sequential AF measurements, all performed within the first 90 minutes of the hemodialysis
treatment.

Index Test: AF measured by using online conductivity dialysance (OLC-AF).

Reference Test: AF measured by using ultrasound dilution (UD-AF).

Results: Mean UD-AF was 1,086 = 629 mL/min, and mean OLC-AF was 951 + 575 mL/min, with a
mean difference of 135 = 229 mL/min. OLC-AF correlated significantly with UD-AF (0.93; P <= 0.0001),
becoming tighter for flows less than 1,000 mL/min (0.95; P < 0.0001). The coefficient of variation for
sequential measurement by using UD was 6.4%, and for OLC, 11.5%, with the difference becoming
insignificant (7.6% versus 8.8%; P = 0.5) for flows less than 1,000 mL/min. The average of 2 sequential
UD-AF measurements correlated tightly with that of OLC-AF (0.99; P < 0.0001).

Limitations: Tests were performed by 2 highly trained coordinators in a single clinic with a small
sample size, and clinical outcomes were not evaluated.

Conclusion: The OLC method is a reasonable alternative to UD for flow surveillance of arteriovenous
hemodialysis accesses and provides an option for widespread implementation of a vascular access
surveillance program. Additional studies are needed to determine whether routine use impacts on
clinical outcomes.

Am J Kidney Dis 51:99-106. © 2007 by the Nalional Kidney Foundation, Inc.
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Comparison of Access Flow Rates
OCL-AF vs. Transonic AF

Correlation Bebween OLC-AF and UD-AF
N = 50 patients, R = 0.9314 A

o
" Green AF less than
i 800 mL/min close
= correlation
-E o
E = |

Red AF >800 mL/min
not good correlation

-'n -
T T T T |
@ 1040 1500 2000 7500 3000
UC-AF [milimin]

Figure 3. Paired correlation between access flow (AF)
measured by means of online clearance (OLC-AF) and
ultrasound dilution (UD-AF). There is tight correlation, es-
pecially at values less than 1,000 mL/min. The solid line
lllustrates unity.

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 ,
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Transonic Hemodialysis Monitor
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Fase of Use




Ultrasound Dilution Technology
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Recirculation
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Access Flow
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Advanced Software Capability
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. TR
Fresenius OLC vs. Transonic Ultrasound Dilution

Access Flow AVF, AVG v' Range ends at 2000 v" Range ends at 4000 mL/min
mL/min

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

Delivered Flow AVF, AVG, Catheters No v

Cardiac Output AVF/AVG No v

including AF/CO ratio

Data Trending AVF, AVG, Catheter No v

Time for Measurement  Catheter No DFR and Recirculation 5 mins
AVF, AVG 20-22 mins 10 mins for all measurements,

documentation and infection
control between patients

Time of Reduced Blood 20-24 mins per test at 2 mins for line reversal and Sy,
Flow Rates 200-300 measurement gVAS}%




Transonic Cardiac Output Parameters

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

e Cardiac Output (CO);

e Cardiac Index (Cl);

* Peripheral Resistance (PR);

e Central Blood Volume (CBV);

e Central Blood Volume Index (CBVI);

e 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

2 PATIENT 001 (00000) Flow-QC screen reports

Cardiac Output and
Cardiac Index (ClI).
Software also displays
Height, Weight, Heart
Rate, Blood Pressure,
Peripheral Resistance,
Central Blood Volume and
Central Blood Volume
—— Index, Systemic Cardiac

ey - e Index and Stroke Volume.

AFico=42%  6.09 Ymin Cl1=169 Tminfy

Use saline at BODY TEMPERATURE.
TRANSONIC FLOW-QC CLEAR ADVANTAGE ADT1018
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Clinical Relevance

NORMAL CARDIAC FUNCTION VALUES (Hemodialysis Population)

Cardiac function depends on age, gender, and medical history (diabetes or
cardiac disease). Cardiac parameters may fluctuate dramatically during a
hemodialysis treatment. Flow-QC Surveillance measures:

CO Cardiac Output 5 to 8 L/min (wgt & hgt dependent)
Cl Cardiac Index 2.2 to 4.5 Umin/m?

CBV  Central Blood Volume 0.8 to 1.6 L (weight dependent)
CBVI Central Blood Volume Index 11 - 17 ml/kg

PR Peripheral Resistance 9.6 - 18.8 mmHg/L/min
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Clinical Relevance Fluid Volume Related

Parameter* Typical Range
Cardiac Output (CO) | 5 - 8 L/min
Cardiac Index (CI) 2.2 - 4.5 Umin/m?

500 - 1600 mL/min
for fistulas

Access How (AF)
600 - 2000 mL/min
for grafts

ARCO < 20%

Abnormal Range

< 2 L/min
> 10 L/min

< 2.0 L/min/m’

> 5 L/min/m?

< 500 mL/min
for fistulas

< 600 mL/min
TOr grarts

= 1600 mL/min
for fistulas

> 2000 mL/min
Tor grarts

> 30%

Clinical Relevance

Increased risk for cardiovascular

Interpretation & Recommendations
Assess AF, O & ARCO 1o

sloss e ime AV s mmaers e es Biega

complications ang

It observed at the
the session: indic
deterioration of C

Inadequate dry weight
estimation.

If observed as a drop in Cl duning
the session: indicates potential
cardiac condition, inadeguate dry
weight estimation and/or effects
of medication.

May indicate: heart overioad due
10 high access flow, significant
volume of accumulated liquid
between dialysis sessions and/or
low hematocrit levels.

The dry weight and medications
should be examined by a doctor
and changed if needed and CHP
maasurements repeated.

Determine reason for increased Cl

and implement proper treatment:

& AV access intervention

¢ (hange in dialysis prescription

+ Change of erythropoietin
prescription

Indicates potent’
stenosis andfor
thrombosis sk,

Cardiac functiod
compromised rg
cardiomegaly o

Significant volume of
accumulated liquid
between dialysi

S Sessions

Increased nisk for cardiovascular
complications and failure.

=

Consider reducing AF by banding
or other surgical procedure. Refer
1o cardiologist for further testing.




What About the Cardiovascular Effects of
an AV Fistula?

Immediate Increase in Cardiac Output (10-20%).
Increase in Sympathetic nervous system activity (increasing contractility)

LEILCH L SR Increase in Stroke volume and heart rate.

of AVF creation Decrease in Peripheral Resistance.
Increase in Circulating Blood Volume resulting in increased left atrial, inferior vena cava, and left ventricle end-
diastolic volume (LVEDV).
Hemodynamic changes Increase in Neuro-hormones: atrial natriuretic peptide (ANP) and brain natriuretic peptide (BNP) implying
within one week of AVF atrial and ventricular filling pressure are increased. (ANP is a powerful vasodilator and BNP is correlated with
creation echocardiographic features).

Decrease in Plasma renin and aldosterone levels.
Decrease in Systemic vascular resistance and systolic/diastolic blood pressure.

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

Left Ventricular Hypertrophy (LVH):
An adaptive response to increased cardiac workload caused by volume or pressure overload

High-Output Cardiac Failure

Patients with high-flow AVFs are most likely have a greater risk of developing CHF and greater increase in LVEDV.
AVFs in HD patients may contribute to the development of heart failure.

Left ventricle enlargement at the start of HD is very common and progressive left ventricle dilation with
hypertrophy continues over time. Most of the left ventricle growth occurs during the first year of dialysis.

Exacerbation of Coronary Ischemia

AVF placement is associated with increased myocardial 02 demand that may not be met, especially in patients
with established coronary artery disease (CAD) or left ventricle hypertrophy (LVH).

Increased 02 consumption may have clinical manifestations in dialysis patients who have had CABG. A decrease
in coronary perfusion that occurred with the onset of HD was demonstrated by the reduction in graft flow and
reversible hypokinesis of the anterior left ventricle wall.

High-flow AVFs with an associated high cardiac output may increase 02 demand and reduce supply more than a
smaller AVF.

Central Vein Stenosis

The endothelium plays an active role in vascular remodeling by secreting vasoactive substances and growth factors
in response to alterations in flow and shear stress.

Increased blood flow due to AVF creation alters the shear stress on the endothelium and promotes production of
substances like transforming growth factor (TGF)-B and NO which dilate the vessel lumen.

A majority of central vein stenosis occurs at the junction of the cephalic and subclavian veins. There was a high
correlation between the location of a central vein stenosis and ipsilateral AVF. It suggests that altered flow
hemodynamics due to a fistula may result in endothelial damage and vascular remodeling, leading to stenosis.

Consequences of long-
term AVF creation

2018 Vascular Access for Hemodialysis
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AF/CO Ratio

* The AF/CO ratio is the percentage ratio of the
patient’s access flow to the patient’s cardiac
output.

e 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%

e AV/CO ratio greater than 30% should be
evaluated

e VA fistula banding to reduce the arterial inflow
can be used to alter the AF/CO ratio

MacRae IJM et al, “The Cardiovascular Effects of Arteriovenous Fistulas in Chronic
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Nurse Lead Program in Canada

HIGH FLOW ASSOCIATED
CARDIAC OUTPUT FAILURE

“~ CHERYL CARLETON RN, JO-ANNE VAN ROOTSELAAR BSN RN, ARLEEN AVENDANO RN, MARLENE SULLIVAN RN
VASCULAR ACCESS NURSES WITH THE SOUTHERN ALBERTA RENAL PROGRAM (SARP)

INTRODUCTION
The arteriovenous fistula (AVF) s considered the
“gold srandard" for vascular access bacuse:

- It has o decreased risk of infection

- It has @ lower tendency to clot

- It allows for greater blood flow

- It remains functional longer than other access types

- Genenlly less expensive fo mainfain
Upon creation of an arteriovenous fistula, the arterial
clrcuit 15 connected fo the low resistance pathway
resuting in changes to the widiovascular system.

PHYSIOLOGY
Anastomose vein to artery 3
Immediate increase in bload flow 'y
Ineraased wall shear stress 9

Stimulates endothelial calls to release
Nitric axide ond cther vosodilators

VASCULAR SYSTEM

It is imparative for usto realize once
V& the AVF is created it Is now part of o
(4 % bigger system...the dirculatory system.

The heart is the ot the core of it. We would be remiss fo
not consider what implications the newly created AVF may
have on the heart.

2018 Vascular Access for Hemodialysis

MATURATION OF AVF
ARCH STUDY (CAROLI 2013)
ARTERY AND VEIN PRIOR TO AVF CREATION
- Bassline flow: 20-50 rl/min in aney
~ Radial arfery 2.5mm/Brchial artery 4.5mm in diometer
- Forearm wein 2.Srmmy/Upper amn vein 3.3mm in diameter
ONE DAY POST AVF CREATION

[ y: J - Mrtery: 250-500m|min blood flow
- Rodial artery 3.5mm/Brachial artery 4.5mm

SIX WEEKS POST AVF CREATION

- » Artery: 500-2000 ml fmin
* Rudial artery 4.5mm/Brachial artery Smm
- Forearm vein SmmyUpper am vein &.4mm
A, 1 gL, R e a8 1, IS et O N i gt b

WHY DO WE MONITOR?
Routine monitoring is crucial fo identify trends that may
indicate voswlar access dysfunction. Low flow arteriovenous
fistulas ar oftan recognized early dua o the presence of
cinical signs. High flow AVFs are generally under-diagnosed
15 they do not typically cousa difficulty in cannulation or
dynamic needle pressures. It is recommended access flows
=21/min be followed up with crdioc output monitoring.

HIGH FLOW LEFT BCF
Flow cannot be determined
by physical appearance.

WHAT IS AN ACCEPTABLE

CARDIAC OUTPUT?

- Normal for our hemodialysis patient is 4-BL/min - this
an vary based on heart rate ond stroke volume.

- The ratio between aceess flow and cardiac ourpur
1s an important clinical indicator (Qa/CO)

- Access Flow (Qa)+ Cardiac Output ((0)=Ratio

- a/C0 ratio greater than 20% may indicats increased
risk of high candinc output heart failure.

SYMPTOMS
Symptoms may be subtle. It is often hord to differantiate
cardiae compromisey/failure versus the fluid overloaded
renal patient.

; P Incraasad shortness of breath af rest
"%@ T Bxercisa intolemnce
ﬁ - Periphera| and Pulmanary adema
- Chest pain

SIGNS
- Tachyardia
+ Increased jugular venous pressure (IVP)
- Widened pulse pressure
(differance between systolic and diostolic pressures)
- 53 (Ventricular gallop) due fo large amount of blood
entering the left ventricle

DIAGNOSTICS

- Chest X-ray - pulmonary hypertension, increased
tardiac silhoustte, pleural effusion

- Echoardiogram - left ventricular function, left
vantricular hypertrophy, left ventricular dilatotion,
presence of pulmanary hypertension and/or mitral

CARDIAC OUTPUT
CHECK INDICATES
POTENTIAL
CARDIAC OVERLOAD

In the cose sample below, voscular ocoess flow

e T measured more than 3 /min (Fig. 10). Cordiac output
: Euronn?y .Englo;rnm  cansider f having axceeded 10 L/min (Fig. 11). When the vasalar nccess
symptoms of angina ws briefly occluded by the tip of the eminer's finger,
the patient's pulsa rate dropped from 112 fo 88 par
TREATMENT min. This patient has complained of chest pains and hod
Treatment for high flow candioc output failure been diognosed vith ardiomegaly
imvolves reduding the arterial supply to the Fe|8

The access was surgianlly revised by banding. Following
the revision, ceess flow then measured 1700 ml/min.
Condiac output dropped to 7-8 L/min. The patient
ahibited fewer post dialysis hypotensive episodes, his
dry waight decreased, his chest X-ray cleored and he

fistula. Interventions should be based upon
0 thorough physical assessment and review
of dingnastic procedures.

INTERVENTIONS reported significant improvement in his pravious
- Revascularization Using Distal Inflow (RUDI) Symptoms.
- Distal Revoswwlorizotion Interval Ligation (ORI} = = =
- Proximalization of Arterial Inflow (PAI) “_“ l ‘ |.‘_. A "'_‘
- Banding — ——
- Ligation/Closure of AVF RSt e R

REFERENCES

Gl A, Mo, 5.l L, P, €, e oo, B, B 5., ... 00 pme oo, (2T, Mochon 1N o, P Ll vk s Ao s o Dy Db
eiolen 1350

1), 137145 AL -Makn, 1, Dgchond,, W, M,.. 5 TS ooy b s sommum: A
i i, Honm iy, ond Do Comphioions. Capon 1
[ - vk Sy, Flow el " M e




Learn More

e WWW.transonic.com

e https://fmcna.com/renal-products/



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