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I. 2019 KDOQI Guidelines &  
Hemodialysis Surveillance

A. 2019 KDOQI Guidelines Life-Plans

The National Kidney Foundation’s Kidney Disease Outcomes Quality 
Initiative (KDOQI) provides evidence-based guidelines for hemodialysis 
vascular access intended to assist multi-disciplinary practitioners’ care for 
chronic kidney disease patients and their vascular accesses. 

Three years in development, the recently released 2019 Update of the  
KDOQI Clinical Practice Guideline for Vascular Access offers a different 
approach to vascular access care than in the past. These Guidelines em-
phasize a more patient-focused approach and recommend development 
of an End-Stage Renal Disease (ESRD) Life-Plan that takes each patient’s 
individual needs and preferences into consideration when choosing an 
access. The Guidelines also call for planning proactively for the likely 
complications and remediations of a current access. Along with a Life-
Plan, the Guidelines also include new topics such as guidance on vascular 
access choice, new targets for arteriovenous (AV) fistulas and grafts and 
central venous catheters, management of specific complications, and 
renewed approaches to some older topics such as surveillance. 

The Guidelines readdress some of the practices previously considered 
“Best Practices.” This paradigm shift in emphasis away from recommen-
dations of standardized “Best Practices,” such as encouraging a “Fistulas 
First” approach, now urge providers to think, during planning the first 
access, not only about what type of access should be first, but what type 
of accesses will follow. In other words, the updated Guidelines call for 
a customized approach for each patient that includes a map of care for 
the present and into the future - a Life-Plan.
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A. Customized Life-Plans cont.
The Guidelines call for the planning for dialysis modalities and vascular 
accesses over the course of the patient’s life to ensure that future needs 
are always being considered. For instance, a patient may initiate hemo-
dialysis with peritoneal dialysis (PD), but then receives a kidney trans-
plant. If the kidney transplant fails, the patient may then transition to an 
in-center hemodialysis facility, while becoming trained for home hemodi-
alysis. Such forward planning can have many benefits, including helping 
preserve vessels needed for successful future AV access creation and use, 
and avoiding unnecessary procedures and complications.

Summary
The 2019 Update of KDOQI Guidelines has refocused recommending 
creation of a patient’s Life-Plan first that incorporates his or her corre-
sponding access needs. Addressed are the preparation for and creation 
of vascular accesses, the care and management of each type of vascular 
access, and the prevention and treatment of complications. While con-
tinuing to emphasize high-quality standards, there is a greater emphasis 
on the need for improved training and application of physical vascular 
access monitoring, and a corresponding de-emphasis on the need for AV 
access surveillance.

The Guidelines present primary targets for use in tracking performance 
reasonably. The primary target is that each patient has a regularly up-
dated Life-Plan designed with his/her goals in mind to achieve the most 
suitable dialysis access type and with consideration of changes in circum-
stances. Its goal is to support practices that will lead to the ideal vascular 
access that is reliable, complication-free, able to deliver prescribed dialy-
sis, and is suitable for each patient’s needs. 

2019 KDOQI Guidelines & Hemodialysis Surveillance
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B. Physical Exam - A Primary Component of a Life-Plan

A primary component in the 2019 KDOQI proposed Life-Plan is to 
have a regular physical examination or check of an arteriovenous 
fistula (AVF) or graft (AVG) by a knowledgeable and experienced 
healthcare practitioner in order to detect clinical indicators of flow 
dysfunction in an AVF or AVG.

Indeed, a thorough physical exam is fundamental to and presages 
all diagnoses and treatment for all diseases. Nevertheless, two as-
pects to this recommendation might be considered.

First is the phrase “by a knowledgeable and experienced healthcare 
practitioner.” Is it feasible to have every patient at every dialysis 
session at every center examined by a “knowledgeable, experi-
enced health practitioner,” that implies a nurse or doctor? While 
in European countries and Canada where hemodialysis is generally 
administered by a nurse, this might well be practical. However, in 
the United States, hemodialysis delivery is frequently, if not always, 
relegated to dialysis technicians because nursing resources are under 
staffed and there is constant high staff turnover. This recommenda-
tion of having a physical exam administered by a “knowledgeable, 
experienced health practitioner” is challenging for US clinics, the 
largest providers of hemodialysis in the world. Also, in today’s US 
bottom-line environment, dialysis clinics are reluctant to add staff 
and/or tools that are not mandated.

The second point for consideration is that a physical exam is totally 
subjective. It relies on the skill and experience of the person admin-
istering the exam. Is one clinical impression sufficient? In practice, 
most medical health professionals seek to back up their clinical 
impressions with secondary tests (ECGs, CT scans, blood work etc.). 

Physical Examination (Surveillance)
13.1 KDOQI recommends regular physical examination or check of the AVF 
/ AVG, by a knowledgeable and experienced health practitioner, to detect 
clinical indicators of flow dysfunction of the AVF. (Conditional/Strong 
Recommendation, Moderate Quality of Evidence)

2019 KDOQI Guidelines & Hemodialysis Surveillance
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C. Surveillance Complements a Physical Exam 

This 13.4-13-5 Guideline first states that there is inadequate evidence to 
recommend the measurement of access blood flow by ultrasound di-
lution or other surveillance measures. As a provider of vascular access 
flow measurement tools for more than 25 years, Transonic takes issue 
with this statement. Ample evidence demonstrates that Transonic flow 
measurements provide objective data in mLs/min, of vascular access flow, 
true pump flow, recirculation in AV grafts, fistulas and catheters and car-
diac function. Two powerful randomized controlled trials, the American 
HASE Study (pages 9-13), and Dr. Ines Aragoncillo’s Spanish study (pages 
14-16), “Adding access blood flow surveillance reduces thrombosis and im-
proves arteriovenous fistula patency: a randomized controlled trial,” and 
the many studies cited in the annotated Bibliography on pages 23-26 
attest to the value of Transonic quantitative measurements.

In today’s US dialysis environment where nursing resources are under 
staffed and clinics, looking at their bottom line, are not adding addition-
al tools due to cost, there is no impetus to provide clinicians with sup-
plementary resources or tools such as the Transonic HD03 Hemodialysis 
Monitor. 

In the case of hemodialysis, many clinics rely on quantitative Transonic 
ultrasound dilution flow measurements to corroborate their first clinical 
impressions and inform them in their decision making.

The ultimate goal of any Guideline is to provide clinicians with tools that 
provide insight into the physical condition of a patient in order to be 
able to make the best decisions for their individual patients. Is a physicial 
exam alone sufficient to accomplish this?

Surveillance to Facilitate Patency
13.4-13-5 There is inadequate evidence for KDOQI to make a recommendation 
on routine AVF or AVG surveillance by measuring access blood flow, pressure 
surveillance, or imaging for stenosis, that is additional to routine clinical 
surveillance, to improve access patency.
Note: In other words, monitoring of vascular access is primary, while 
surveillance findings are supplementary, and action should not be based solely 
on surveillance findings.

2019 KDOQI Guidelines & Hemodialysis Surveillance



In practice, the 2019 KDOQI Guidelines have given for-profit clinics carte 
blanche to provide the bare minimum of tools for their healthcare pro-
viders and patients. Staff and their patients deserve more. They deserve 
to have healthcare providers supplied with the quantitative information 
from surveillance tools to back up clinical impressions, so that they can 
choose the best treatments for customized KDOQI Life-Plans.

The last part of the statement, “Surveillance findings are supplementa-
ry and action should not be based solely on surveillance findings” rings 
true. Transonic measurements have always been considered to be sup-
plementary and action to intervene on an vascular access should not be 
based solely on surveillance findings. All clinical indications and assess-
ments, of which flow is simply one component, should always be consid-
ered by the nephrologist. Secondly, flow measurement surveillance will 
not improve access patency by itself. Surveillance is one objective tool in 
a clinician’s arsenal to help guide clinical decision making.

2019 KDOQI Guidelines & Hemodialysis Surveillance

D. Transonic HD03 Surveillance
Vascular Access Flow: Transonic vascular access surveillance measures 
access flow directly for an immediate snapshot of access function. 
Trending of these measurements over time provides data to indicate 
flow-limiting conditions anywhere in the circuit. A drop in access flow 
may signal formation of a stenosis in time for proactive minimally 
invasive intervention by the dialysis care team (see pages 20-21). 
Of note: the Achilles Heel in intervention is actually the lack of practice 
by most physicians outside of the University setting, to quantitatively 
measure access flow before, during and post intervention. Due to this, 
many interventions fail due to lack of adequate measurements and 
quality controls of the intervention. One cannot verify intervention 
success based on subjective metrics and thus, many studies have pointed 
to a failure of intervention success.

Dialysis Adequacy: The Hemodialysis Monitor also can be used to 
optimize dialysis delivery by measuring true delivered pump blood 
flow and recirculation in AV fistulas, grafts and catheters to ensure 
optimal delivery of a KT/V prescription (pages 18-19). By measuring 

5
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D. Transonic HD03 Surveillance cont.

2019 KDOQI Guidelines & Hemodialysis Surveillance

ESRD Life-Plans Supported by HD03 Measurements  
Examples of customized ESKD Life-Plans for vascular access with inclusion 
of Transonic HD03 measurements include the following: a pediatric 
patient, a young patient, an elderly patient, an acute start patient and a 
home dialysis patient.

true delivered blood flow through dialysis tubing and then comparing 
this true flow to the pump’s reading, any flow limiting cause can be 
identified and corrected on the spot. The Hemodialysis Monitor also 
detects and quantifies access recirculation in AV fistulas, grafts and 
catheters. Measurements in catheters (page 19) are used to establish a 
maximum dialysis pump setting before recirculation occurs. Known flow 
and recirculation values can also be used to adjust the length of dialysis, 
identify flow restrictions and failing CVCs, and determine the best 
connections between a CVC and the blood lines.

Pediatric Patient:
6-yr-old Girl Description ESRD Life-Plan 

Modality Choice Dialysis Access Comments

Congenital cause of 
kidney disease, CKD 
not yet on dialysis, 
family wants to be 
evaluated for living 
related donors, left 
handed 

1. PD
2. Living donor 

transplant if donor 
is identified; how-
ever, if not, place 
on the transplant 
wait list

3. Hemodialysis

1. PD catheter
2. Transplant 
3. RC-AVF 
    (right) 

* Follow closely, life-
long anticipated 

* Flexibility required as 
Life-Plan may change  

* Life-Plan must 
consider multiple 
modalities & opti-
mize access 

Transonic Measurement Clinical Application once RC-AVF is the active access:
•   Routine clinical examination (look, listen, feel, arm elevation, and augmentation) should be used regularly as 

part of the pre-cannulation process.
•   Transonic Access Flow measurements are intended to be utilized in conjunction with the clinical examination 

to detect/confirm indications of access dysfunction.
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ESRD Life-Plans Supported by HD03 Measurements cont.

Young Patient:  
28-year-old male Description ESRD Life-Plan 

Modality Choice Dialysis Access Comments

Alport syndrome 
with rapid CKD 
progression requiring 
dialysis initiation, 
multiple abdomen 
surgeries related to 
a trauma, R handed, 
plays guitar/drums in 
a band.

1. HD outpatient 
2. Evaluation for 

living related Tx 
or Tx waiting list 

3. Return to HD 
if needed to 
return to dialysis 
post-transplant 

1. Lower arm 
endovascu-
lar AVF (left)

2. BC-AVF (left) 
if endovas-
cular AVF 
fails

* Endovascular AVF 
preferred to reduce 
steal syndrome risk or 
mega fistula to avoid 
impairment of his 
ability to play guitar or 
drums. Reduce physi-
cal disfigurement from 
a surgical AV access.

* Follow closely, lifelong 
anticipated 

Transonic Measurement Clinical Application:
•   Routine clinical examination (look, listen, feel, arm elevation and augmentation) should be used regularly as 

part of the pre-cannulation process.
•   Transonic Access Flow measurements can be used with with a clinical examination to detect/confirm indica-

tions of access dysfunction.
•   A potential for cardiac overload exists if the Access Flow is > 1600mL/min. Evaluate patient for signs and 

symptoms of high-output cardiac failure if Access Flow reaches the high range. 

Elderly Patient 
80-year-old female Description ESRD Life-Plan 

Modality Choice Dialysis Access Comments

CDM, HTN, CHF, vision 
issues, CKD rapidly 
advancing with multiple 
hospitalizations, lives 
with her husband, active 
but does require the use 
of a walker, R handed 

1.Hemodialysis 
outpatient

1. Forearm early 
cannulation 
AVG 

2. Secondary 
upper arm 
AVF 

* Patient likely has a 
limited life expec-
tancy

* Focus on AV access 
and limiting CVC 
dependency vs. 
preserving sites for 
future access 

Transonic Measurment Clinical Application:
•   Routine clinical examination (look, listen, feel, arm elevation, augmentation) should be used regularly as part 

of the pre-cannulation process.
•   Transonic Access Flow measurements can be used with a clinical examination to detect/confirm indications of 

access dysfunction.
•   A potential for cardiac overload exists if the Access Flow is > 1600mL/min. Evaluate patient for signs and 

symptoms of high-output cardiac faulire if Access Flow reaches the high range. 
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ESRD Life-Plans Supported by HD03 Measurements cont.

Acute Start Patient:  
45-year-old male 
crash-lands on HD 

Description ESRD Life-Plan 
Modality Choice Dialysis Access Comments

Acute start with 
no prior treatment 
of CKD; Urgent 
placement of HD 
catheter for hemo-
dialysis, lives alone 
and lacks family 
support, R handed  

1. Acute HD
2. HD outpatient 
3. Evaluate for 

transplant and 
placement on 
the transplant 
waiting list 

1. Tunnel Cuffed  
    Catheter 
2. RC-AVF (left)
3. Transplant while 
    maintaining the 
    vascular access 
    if needed for 
    return to hemo
    dialysis 

* Follow closely, life-
long anticipated 

* Flexibility required 
as Life-Plan may 
change  

* Life-Plan must 
consider multiple 
modalities and 
optimize dialysis 
access

Transonic Measurement Clinical Application:
•   Utilize Delivered Flow and Recirculation as part of the hemodialysis catheter algorithm for “On The Spot” 

catheter adequacy check and adjustment of blood flow rate and or catheter connection configuration as 
needed. Utilize this in both the acute hospital setting and outpatient hemodialysis facility. 

Once the RC-AVF is created and being utilized as the dialysis access:
•   The routine clinical examination (look, listen, feel, arm elevation and augmentation) should be used regularly 

as part of the pre-cannulation process.
•   The Transonic Access Flow measurements are intended to be utilized in conjunction with the clinical examina-

tion to detect/confirm indications of access dysfunction.  
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II. Flow-based Vascular Access Surveillance cont.

Home HD Patient:  
55-year-old female Description ESRD Life-Plan 

Modality Choice
Dialysis 
Access Comments

On hemodialysis for 3 
years including home 
HD for past 2 years. 
CKD caused by neph-
rotoxic chemotherapy 
drugs to treat previous 
colon cancer, R handed.

1. Home Hemodi-
alysis 

2. Waiting to reach 
5 plus years post 
cancer to be 
evaluated for a 
kidney transplant 

1. RC-AVF
2. Revision of 

her current 
AVF if fails 
or move up 
the arm for 
new AVF 

* Maximize the lifes-
pan of her current 
RC-AVF 

* Preserve R arm 
vessels above the 
current RC-AVF 
for any required 
revision for creation 
of a new AVF above 
the current RC 
location. 

Transonic Measurement Clinical Application:
•   Routine clinical examination (look, listen, feel, arm elevation, and augmentation) should be used regularly as 

part of the pre-cannulation process.
•   Transonic Access Flow measurements are intended to be utilized in conjunction with the clinical examination 

to detect/confirm indications of access dysfunction.  
•   A potential for cardiac overload exists if the Access Flow is > 1600mL/min. Evaluate patient for signs and 

symptoms of high-output cardiac faulire if Access Flow reaches the high range. 

2019 KDOQI Guidelines & Hemodialysis Surveillance
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II. Flow-based Vascular Access Surveillance cont.

II. The Hemodialysis Access 
Surveillance Evaluation 
(HASE) Study - 

 A multi-center randomized clinical trial of 
hemodialysis access blood flow surveillance 
compared to standard of care

Background
AV access stenoses are found in most thrombosed AV accesses and 
are the leading cause of AV access loss. The purpose of monthly 
blood flow surveillance with ultrasound dilution technology (UDT) is 
to detect stenotic lesions in AV access circuits early so that they can 
be treated pre-emptively with percutaneous transluminal angioplas-
ty (PTA) before low dialysis adequacy, high recirculation and/or AV 
access thrombosis occur. Nevertheless, routine use of AV access sur-
veillance for early detection and management of stenosis to reduce 
thrombosis rate remains a subject of lively debate. 

Study Objective
The objective of this multi-center randomized clinical trial of  
hemodialysis access blood flow surveillance compared to standard 
care was to examine the utility of AV access blood flow UDT sur-
veillance for early detection of stenotic lesions and the effect of 
pre-emptive PTA on AV access thrombosis. A primary hypothesis 
was that blood flow surveillance would decrease the rate of access 
thrombosis and surveillance would increase the time to the first 
thrombotic event increasing the number of angioplasties, decreasing 
the number of thrombectomies, and decreasing the rate of tunnelled 
hemodialysis catheter placement. 

2019 KDOQI Guidelines & Hemodialysis Surveillance
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II. Flow-based Vascular Access Surveillance cont.

Four-hundred thirty-six (436) ESRD patients were randomized for a  
multi-center, prospective, clinical trial conducted between 2014 and 2019 
at three dialysis sites: Miami Miller School of Medicine with 45% (196) 
of the total enrollees; California Kidney Specialists, San Dimas, California 
with 34% (147) of the enrollees and Albany Medical Center with 21% 
(93) of the enrollees in the study. 

Two groups of patients were created from the enrollees: a Standard of 
Care Group (Surveillance Group) that included 229 patients who under-
went monthly UDT surveillance during the first 90 minutes of dialysis and 
a Standard of Care group of 207 patients who did not undergo surveil-
lance and were the control. Eighty-six percent of surveillance group pa-
tients had an AVF as compared to 85% of patients in the control group. 
Seventy-seven percent of patients in the surveillance group had an upper 
arm-based AV access compared to sixty nine percent in the control group. 
Both groups were followed for the duration of the two year study. 

The study protocol included: 
• One monthly physical examination of the AV access by a trained care 

provider;
• A monthly questionnaire to detect the following clinical indicators: 

- Prolonged bleeding;
- Upper extremity edema;
- Difficulty with AV access cannulation;
- Aspiration of clots during cannulation, 
- Aneurysmal formation that met the criteria for referral;
- Access pressures that prevent normal hemodialysis machine opera-

tion;
- Unexplained lower than target monthly Kt/V; 
- Recirculation rate of more than 10%. 

• Corroboration by the Transonic HD03 Hemodialysis Monitor of high 
recirculation rates recorded by the urea method.

II. HASE Study cont.
Study Methodology

2019 KDOQI Guidelines & Hemodialysis Surveillance
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II. Flow-based Vascular Access Surveillance cont.

Fifty-eight of 229 surveillance patients and 90 of 207 control patients 
completed for totals of all 24 visits 3278 visits for the surveillance group 
and 3353 visits for the control group. Three control patients and two 
surveillance patients left the study after a surgical revision. Patients with 
blood flow of less than 600 mL/min in AVGs, less than 500 mL/min in 
AVFs, or if AV access blood flow declined by more than 25% over four 
months in patients with blood flow above 1000 mL/min, were referred 
for further evaluation with an AV access angiograhy.

Statistically Significant Difference in Number of Thrombotic Events 
Twenty-seven (27) thrombotic events occurred in the surveillance group 
while 37 thrombotic events occurred in the control group during the fol-
low-up period creating a statistically significant difference in thrombotic 
events per patient in the surveillance group compared to the control 
group (0.122 vs. 0.227, difference -0.104 p=0.012).

No Significant Difference in Total Number of Procedures Between Groups
A secondary outcome was that there was no statistically significant differ-
ence in total number of procedures between the two groups, irrespective 
of whether thrombectomy procedures were included or excluded.

No Significant Differences in Rate or Time to First Thrombotic Event 
There were no statistically significant differences in the rate of or time to 
first thrombotic event.

No Significant Differences in the Number of Catheters Placed due to Thrombosis 
A numerically lower number (9) of catheters were needed in the surveil-
lance group compared to control group (11) (p=0.65) with lower propor-
tion of patients for time to first catheter placement (p=0.62). 

II HASE Study cont.
Study Results

2019 KDOQI Guidelines & Hemodialysis Surveillance
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II. Flow-based Vascular Access Surveillance cont.

II. HASE Study cont.

The primary finding of the HASE study was that it demonstrated that 
monthly surveillance of AV fistulas using ultrasound dilution flow meas-
urement resulted in a lower per patient and per visit thrombosis rate as 
compared to the control group. Secondly, the total number of proce-
dures per patient was not significantly increased, regardless of whether 
thrombectomy procedures are included or excluded from the analysis. 
The investigators conjecture that this might be explained by the inclu-
sion of a monthly questionnaire in the study, in addition to at least once 
per month AV access surveillance, that carefully looked for clinical indica-
tors of AV access dysfunction. This questionnaire may have led to higher 
than average detection of subtle clinical findings and subsequently, a 
referral for further evaluation by angiogram. Thus, inclusion a question-
naire in the study may have influenced both the total number of proce-
dures and the statistical value of UDT surveillance.

The investigators state that their multi-center study provides consistent 
evidence that demonstrated the beneficial effects of UDT surveillance. 
While the use of UDT did not reduce the number of patients expe-
riencing a first thrombotic event (p=0.073), nor the time to the first 
thrombectomy procedure (p=0.149), trends revealed numerical benefits 
in the surveillance group compared to control group in secondary out-
comes, consistent with the significant benefit in the primary outcome of 
the rate of thrombotic events.

Furthermore, the investigators believe the reason for less need for cath-
eter placement in the surveillance group was the timely delivery of a 
thrombectomy procedure in study patients.

Study Conclusions/Discussion

2019 KDOQI Guidelines & Hemodialysis Surveillance
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II. Flow-based Vascular Access Surveillance cont.

Reference:
Salman L, Rizvi A, Contreras G, Manning C, Feustel PJ, Machado I, Briones PL, Jamal A, 
Bateman N, Martinez L, Tabbara M, Vazquez-Padron RI, Asif A, “A multicenter rand-
omizedclinical trial of hemodialysis access blood flow surveillance compared to standard 
of care - The Hemodialysis Access Surveillance Evaluation (HASE) Study,” Kidney Interna-
tional Reports (2020), doi:https://doi.org/10.1016/j.ekir.2020.07.034. (Transonic Reference 
#  HD11823AH  

Study’s Limitations

II. HASE Study cont.

An important limitation of the HASE study is that it did not enroll the 
targeted number of patients and, therefore, was not powered to show 
significant benefit of UDT flow measurement, particularly in secondary 
outcomes such as first thrombotic events. Secondly, the study lacked the  
resources and objectives to evaluate hospitalization rate, cost analysis, 
and to evaluate long-term AV access survival due to duration of study 
follow-up. 

Study Strengths
1. The HASE study’s strength is that it is the largest (436 patients) rand-

omized clinical trial evaluating the value of UDT flow measurement 
monthly surveillance on thrombotic events. 

2. Secondly, its results can be generalized because the study was multi-
center with a representative demographic distribution of the ESRD 
population in the US.

2019 KDOQI Guidelines & Hemodialysis Surveillance
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II. Flow-based Vascular Access Surveillance cont.

III. Adding Access Blood 
Flow Surveillance Reduces 
Thrombosis and Improves 
Arteriovenous Fistula 
patency: -  A randomized 
clinical trial

2019 KDOQI Guidelines & Hemodialysis Surveillance

Background
Although stenosis is recognized as the main cause of arteriovenous 
fistula (AVF) failure, it is still unclear whether surveillance based on 
vascular access blood flow (QA) alone enhances AVF function and  
longevity.

Study Objective
The objective of this Spanish, multi-center1 randomized clinical trial 
was to conduct a three-year follow-up controlled, open-label study 
that compared QA-based surveillance and pre-emptive repair of sub-
clinical stenosis with standard monitoring/surveillance techniques in 
prevalent mature AVFs. 
1Madrid, Spain: Nephrology Unit, Hospital Gregorio Marañón, Clínica Fuensanta, Hemodialysis Unit, Nephrology Unit, Hospital Infanta Sofía; 
Preventive Medicine Unit, Hospital Clínico; Hospital Universitario La Princesa; Clínica Dialcentro, Hemodialysis Unit; Clínica Los Enebros, 
Hemodialysis Unit. 1Barcelona, Spain: Corporació Sanitària i Universitària Parc Taulí, Hospital de Sabadell; Nephrology Unit, Hospital de Mollet, 
Mollet del Vallès.
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II. Flow-based Vascular Access Surveillance cont.2019 KDOQI Guidelines & Hemodialysis Surveillance

AVFs were randomized into two groups: a Control group (n = 104) which 
had surveillance based on classic alarm criteria detected by physical exam-
ination, and a QA group (n = 103) in which access flow (QA) was mea-
sured quarterly by Transonic ultrasound dilution technology and Doppler 
ultrasound [M-Turbo®], in addiion to the classic monitoring used in the 
control group.

The criteria for intervention in the QA group was a 25% reduction in QA, 
QA<500 mL/min or significant stenosis with hemodynamic repercussion 
(peak systolic velocity [PSV] more than 400 cm/sc or PSV pre-stenosis/ste-
nosis higher than 3). Other criteria for intervention included:
- Unexplained lower than target monthly Kt/V; 
- Recirculation rate of more than 10%. 

The Transonic HD03 Hemodialysis Monitor was also used to corroborate 
of high recirculation rates recorded by the urea method.

II. Aragoncillo Study cont.
Study Methodology

The QA group show significant reduction in the thrombosis rate 
 - QA group (QA) group (0.025 thrombosis/patient/year)
 - Control group (0.086 thrombosis/patient/year)
There was significant improvement in the thrombosis-free patency rate 
(HR, 0.30; 95% CI, 0.11-0.82) and in the secondary patency rate in the QA 
group (HR, 0.49; 95% CI, 0.26-0.93) in the QA group. 

While there was no differences in the primary patency rate between 
groups (HR, 0.98; 95% CI, 0.57-1.61), the assisted primary patency was 
significantly higher in the QA group compared to the control group.

There was greater need for central venous catheters and more 
hospitalizations associated with vascular access in the control group.

Finally, total vascular access-related costs were higher in the control 
group (€227.194 vs. €133.807) versus the QA group.

Study Results
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II. Flow-based Vascular Access Surveillance cont.

QA-based surveillance combining Doppler ultrasound and ultrasound 
dilution reduces the frequency of thrombosis, is cost effective, and 
improves thrombosis free and secondary patency in autologous AVF.

II. Aragoncillo Study cont.

Study Conclusion
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blood flow surveillance and pre-emptive repair of subclinical stenosis 
prolong the useful life of arteriovenous fistulae? A randomized 
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II. Flow-based Vascular Access Surveillance cont.
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IV. HD03 Surveillance
 A Host of Measurements That Confirm Clinical 

Findings, Optimize Hemodialysis, Avert Thrombosis 
and Execute KDOQI Life-Plans

Dialysis Adequacy in AV Grafts and Fistulas

The Hemodialysis Monitor is used to 
optimize dialysis adequacy by measuring 
true delivered pump blood flow and 
recirculation, each of which can compromise 
delivery of a KT/V prescription. 

Measure Delivered Blood Flow
The Transonic® Hemodialysis 
Monitor measures true 
delivered blood flow through 
dialysis tubing using “Gold 
Standard” transit-time 
ultrasound technology. By 
comparing true delivered blood 
flow to the pump’s reading, 
any flow limiting cause such 
as small needle diameter or 
incorrect needle placement can 
be identified on the spot and 
corrected.

Measure Access Recirculation 
With a single infusion of saline, the 
Transonic Hemodialysis® Monitor 
detects and quantifies access 
recirculation, a late indicator of a 
failing access. Because Transonic® 
ultrasound dilution technology 
can separate cardiovascular 
recirculation form cardiopulmonary 
recirculation, 0% Recirculation can 
be measured and quantified.
Measurement of recirculation will:
• Identify inadvertent reversal of 

blood lines (see box below); 
• Confirm proper needle 

placement;
• Confirm 0% recirculation.

2019 KDOQI Guidelines & Hemodialysis Surveillance



19

II. Flow-based Vascular Access Surveillance cont.

Dialysis Adequacy in Central Venous Catheters (CVCs)
Catheter Adequacy
End-Stage Renal Disease (ESRD) patients will 
likely undergo dialysis administered through a 
CVC. Whether emergent and temporary, acute 
or chronic, CVCs will often underdeliver dialysis 
due to: 
• a discrepancy between a dialyzer’s pump 

setting and its true delivered flow;
• and/or the presence of recirculation during 

dialysis delivery. 

HD03 Surveillance of Catheter Dose 
Delivery
Dialysis delivery through CVCs have 
two potential pitfalls: 

1. A tissue flap can block the lumen 
of the catheter’s arterial entry 
port, impeding flow and causing 
a severe drop in dialysis dose 
delivery. An HD03 measurement 
of true delivered blood flow 
identifies drops in dose and can 
be corrected on the spot. 

2. Recirculation will likely occur 
due to the close proximity of 
the catheter’s arterial entry and 
venous return ports. Recirculation 
in catheters can be identified by 
the HD03 Monitor and optimized 
on the spot to provide the most 

efficient dialysis possible. 

Transonic’s HD03 Hemodialysis 
Monitor Measurements Optimize 
Dialysis Catheter Delivery by:
• Helping to establish a maximum 

dialysis pump setting before 
recirculation occurs;

• Using known values for flow and 
recirculation to adjust the length 
of dialysis;

• Identifying flow restrictions;
• Finding the best catheter 

configuration between the 
catheter blood lines (regular or 
reversed);

• Identifying failing catheters 
through high  
recirculation rates.

2019 KDOQI Guidelines & Hemodialysis Surveillance
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II. Flow-based Vascular Access Surveillance cont.

Vascular Access Flow in AV Grafts and Fistulas

Access flow is the quintessential 
vital sign for an AV Access. 
Insufficient flow causes 
underdialysis. Still lower flow 
invites thrombosis. Too much flow 
can lead to cardiac problems with 
associated morbidities. 

Transonic Hemodialysis Monitors, 
Flow/dilution Sensors use the 
“Krivitski Method®” to measure 
access flow directly for an instant 
snapshot of access function 

and detection of flow limiting 
problems wherever they might 
occur within a vascular access 
circuit. 

An access patency record can be 
generated by measuring vascular 
access flow routinely and trending 
the results over several months. 
A drop in access flow may signal 
formation of a stenosis in time 
for proactive minimally invasive 
intervention.

Krivitski Method®: Reversed line position for access recirculation measurement. 
Saline injection is still made into the venous line which is now the upstream line.

2019 KDOQI Guidelines & Hemodialysis Surveillance
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II. Flow-based Vascular Access Surveillance cont.

Fistula and Graft Access Flow Interpretation

2019 KDOQI Guidelines & Hemodialysis Surveillance

Notes:
• Actual flow levels for AV fistula and graft patients should be customized by the nephrologist.
• A clinical examination (look, listen, feel, arm elevation and augmentation) should be used routinely 

as part of the pre-cannulation process.
• Transonic access flow measurements are intended to be utilized in conjunction with a clinical exami-

nation to detect/confirm indications of access dysfunction. 
• Snuffbox or endovascular fistulas may have a lower access flow range depending on the location of 

the anastomosis and the vessel’s outflow configuration.
• Upper arm AV fistulas typically have a higher access flow range due to the larger artery size.
• A potential for cardiac overload exists at flow >1600-3000 mL/min. Evaluate patient for signs and 

symptoms of high-output cardiac failure. 
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