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Automated 3D ultrasound enables  
novice users to measure arteriovenous 
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comparable accuracy to conventional 
duplex by trained sonographers: Results  
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Abstract
Background: Arteriovenous fistulae (AVF) are considered the preferred hemodialysis access but up to 50% of all 
AVF created in the United States never mature. Doppler ultrasound (DUS) is useful for predicting fistula maturity and 
impending fistula failure. DUS is resource-intensive and is associated with poor compliance rates in dialysis patients, 
ranging from 12% to 33%.
Methods: EchoSure is an FDA-cleared 3D Doppler ultrasound device that automatically delivers quantitative blood flow 
and anatomic vascular information. The technology can be used at the bedside by personnel without formal sonographic 
training, nullifying limitations of traditional Duplex ultrasound imaging. This study compared the EchoSure system in the 
hands of inexpert personnel to a traditional expert-operated DUS for rapid assessment of a benchtop model vascular 
system with flow, diameter, and depth expected in a human AVF.
Results: Both Duplex and EchoSure performed within the expected tolerance of ultrasound readings (35%) for volume 
flow, with the average error (AE) between the observed measurement and the ground truth being 8% for Duplex and 
8% for EchoSure. However, the average coefficient of variation (CV) for Duplex pooled over all flow rate measurements 
was 17% versus 4% for EchoSure. Regarding diameter, Duplex measurements had AE of 15% with an average CV of 6% 
across all measurements versus EchoSure AE of 4% and average CV of 2%. Duplex and EchoSure measurements over all 
depths had the same AE of 2%. The two modalities were not statistically different for depth measurement (p = 0.05) but 
EchoSure measured closer to the ground truth for flow rate and vessel diameter (flow: p = 0.028, ρ = −0.07; diameter: 
p < 0.001, ρ = 0.69). The inexpert personnel using EchoSure acquired data 62% faster than the expert sonographers using 
the Duplex ultrasound (141 min for Duplex vs 87 min for EchoSure).
Conclusions: EchoSure may offer an accurate and convenient alternative for imaging fistulas in the clinic.
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Introduction

Management of vascular access remains one of the most 
important aspects of care for patients with end stage renal 
disease (ESRD) undergoing maintenance hemodialysis 
(HD). A mature and functioning arteriovenous fistula 
(AVF) is preferred over all other access modalities because 
it is associated with the best access survival.1–3 This bene-
fit depends on successful maturation of the access, which 
typically takes a median time of 6-9 months, but can be 
considerably longer if interventions are required to assist 
maturation.3–5 Further, approximately 30%–50% of AVFs 
in the United States fail to mature, requiring abandonment 
after 6–12 months and extended catheter dependence.6,9 In 
turn, prolongation of catheter dependence time is associ-
ated with higher risks of infection, thrombosis, and mortal-
ity as well as higher overall cost.1,7,8

Ultrasonography is a well-known modality widely used 
to assess volumetric flow within a fistula and determine 
anatomic factors that may pose a risk to maturation failure. 
Doppler ultrasound imaging has demonstrated utility in 
predicting both fistula maturity and in detecting impend-
ing fistula thrombosis.9–18 By using previously established 
criteria for the prediction of maturation failure, ultrasound 
can provide useful information for determining the cause 
of non-maturation and facilitate planning for intervention.9 
Studies indicate that routine surveillance of fistulae can 
predict maturation and that a program of routine ultra-
sound surveillance decreases the rate of maturation failure 
significantly.9–11,15 A large, prospective multicenter study 
determined that fistula diameter and volumetric flow at 
two weeks postoperatively were significant predictors of 
successful or unsuccessful maturation at 6 weeks.11 
Proposed minimum ultrasound criteria for AVF maturity at 
4 weeks include vessel diameter of 4–5 mm and blood flow 
over 400–500 mL/min.11,19–23 Use of ultrasound data can 
improve fistula assessment specificity from 21% with 
physical examination alone up to 90% or more.20–22

Duplex ultrasound (DUS) can be a resource-intensive 
practice. Patients are typically required to make an addi-
tional visit to an outpatient imaging laboratory, introduc-
ing both time and financial expense. Image acquisition 
requires a trained, formally certified professional ultra-
sonographer. The study itself lasts 45–60 min, after which 
compulsory image interpretation by a physician is per-
formed after an additional 24–48 h. The substantial com-
mitment of material resources, time, and personnel make 
formal Duplex ultrasonography ill-suited for performance 
of frequent examination, which is reflected in real-world 
practices that show significant underutilization of DUS. 
This offers an opportunity to improve clinical care given 
the well documented clinical and quality benefits that reg-
ular scanning yields.10

Ultrasound surveillance does not necessarily require 
the extensive data acquisition and analysis Duplex ultra-
sonography is capable of. Previous work has demonstrated 

that a single variable, volumetric flow rate, can effectively 
predict both AVF maturation and thrombosis.10,12,16–18,23 
Thus, the potential for regular ultrasound surveillance to 
decrease rates of AVF maturation failure and thrombosis 
may not require comprehensive examinations performed 
by certified expert sonographers. However, duplex flow 
measurement is operator dependent. When compared to 
actual flow rates, volume flow measured by trained sonog-
raphers can deviate from the true volume flow by up to 
35%.24 Sources of error include algorithm assumptions 
about vessel circularity, accurate probe positioning in the 
middle of the vessel, and accurate user placement of key 
measurements such as calipers for diameter and other 
parameters such as gate width and angle.

EchoSure is an FDA-cleared 3D Doppler ultrasound 
device that automatically delivers visual and quantitative 
blood flow and anatomic vascular information and may be 
utilized postoperatively from the bedside by a nurse, dialy-
sis technician, or other healthcare provider without the 
need for special sonographic training, bypassing these 
limitations of traditional Duplex ultrasound imaging. 
EchoSure has received 510(k) clearance from FDA with 
general indications for measuring blood flow information 
for vessels marked with EchoMark, which is an echogenic, 
bioresorbable fiducial marker to facilitate ultrasound 
measurements. The EchoMark is implanted at the time of 
surgical fistula creation and has an expected absorption 
timeline of 18–24 months.

This study used the EchoSure system, in the hands of 
inexpert personnel (i.e. nurses and dialysis technicians 
rather than sonographers) for rapid ultrasound assessment 
of a benchtop model vascular system with flow, diameter, 
and depth ranges expected to be seen for a maturing fis-
tula. Representing an ideal-world control, expert sonogra-
phers (Registered Vascular Technologists, or RVTs) 
performed standard of care Duplex ultrasound examina-
tions of the same model system using conventional ultra-
sound technology.

We sought to compare the measurements in terms of 
accuracy and precision, both for inter- and between-
observer differences for volumetric flow rate, diameter, 
and depth. We hypothesized that EchoSure examination by 
ultrasound naïve hemodialysis professionals would be 
non-inferior to traditional examination by trained sonogra-
phers in a benchtop AVF model.

Material and Methods

Study design and participants

This study was deemed IRB-exempt (Solutions Institutional 
Review Board, Protocol #2020/07/14) and participants pro-
vided appropriate informed consent for involvement. The 
design consisted of a head-to-head, prospective comparison 
of EchoSure in the hands of non-expert personnel, such as 
dialysis technicians and registered nurses, to the gold 
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standard, Duplex ultrasonography performed by trained, 
certified vascular sonographers. All participants were 
recruited from academic and private clinics in the area with 
deliberate effort made to formulate a cohort of participants 
that represented the diversity of practice settings. All partici-
pants were assigned a unique identification number that was 
used to follow data acquired throughout the study. The iden-
tity of all participants was kept anonymous.

The a priori power analysis showed that a minimum of 
12 participants in both the expert and inexpert arms of the 
trial would be needed. Inclusion criteria for participants 
include the following: (1) practicing registered nurse or 
other practicing healthcare personnel (e.g. dialysis techni-
cian), or practicing vascular ultrasonographer who has per-
formed Duplex examinations in the preceding 12 months; 
and (2) ability and willingness to attend all study sessions. 
Exclusion criteria included the following: (1) age 
<18 years; (2) unable or unwilling to sign consent forms; 
(3) known latex allergy that prevents the participant from 
using the benchtop model.

The study was composed of two parts. The first part, 
aimed at determining the accuracy of EchoSure, required 
measurements to be made by the EchoSure apparatus and 
the data analyzed in a summative fashion. The second part 
featured identical measurements made by Duplex ultra-
sonography (gold standard).

Experimental apparatus and data acquisition

The Duplex ultrasound measurements were made using a 
Philips CX50. The EchoSure platform is a portable semi-
automated diagnostic 3D ultrasound imaging device that 
includes the EchoSure Ultrasound, the EchoSure 
Application (software) and the EchoSure Probe. The 
EchoSure Probe is a mechanized linear transducer that can 
conduct volume acquisition of ultrasound data, such that 
the user simply needs to place the probe in the general 
region of the target rather than in a precise location or ori-
entation. These features enable health care personnel with-
out ultrasound experience (e.g. dialysis technicians and 
nurses) to quickly and reliably position the EchoSure probe 
for a successful scan without consideration of technique. 
The EchoSure Application is designed with a simple user 
interface and workflow that walks the user through the 
scanning process with step-by-step instructions. Ultrasound 
parameters are automatically optimized to further reduce 
the need for user input requiring ultrasound expertise or 
understanding of ultrasound physics. For example, a 

conventional ultrasound requires: precise positioning of the 
transducer aligned to the center of the vessel, precise orien-
tation of the transducer to 60° from the vessel, precise gate 
setting within the wall of the vessel for velocity measure-
ments, precise cursor placement for diameter measure-
ments, and tuning of various parameters such as pulse 
repetition frequency; each of these steps is subject to user 
error and has a major impact on the resulting measurement, 
With each scan, EchoSure automatically calculates and 
reports volumetric flow, diameter, and depth of the fistula. 
Flow measurements require previous placement of an 
FDA-cleared implantable, echogenic, bioresorbable fidu-
cial marker (“EchoMark”) underneath the vessel of inter-
est. As part of the FDA regulatory clearance process, the 
accuracy of the EchoSure algorithms for flow measurement 
underwent extensive validation and verification.

The experimental setup was composed of a flow phan-
tom of tissue-mimicking material with a segment of natu-
ral latex tubing to mimic a blood vessel, a flow pump 
capable of providing both continuous and pulsatile flow 
using a circulating blood-mimicking fluid, an ultrasound 
machine, and a transducer. The flow phantoms used for 
EchoSure testing also had an implanted EchoMark device. 
The model allowed for manual adjustment of several vari-
ables: volumetric flow rate, vessel diameter, and vessel 
depth. The EchoSure and gold standard Duplex ultrasound 
platforms collected measurements on various permuta-
tions of these variables in the benchtop model. The exact 
experimental schematic for experimental parameters is 
seen in Table 1. Each measurement was made five times.

To better illustrate, consider an example participant. 
This individual would make EchoSure measurements of 
each scenario 1–12 in Table 1, with each scenario being 
measured five times total. This would yield a total of 60 
measurements for this participant.

All study measurements were timed. At the conclusion 
of data acquisition, participants were asked to complete a 
questionnaire that included information about years of rel-
evant clinical experience and typical clinical volume of 
dialysis patients cared for.

Data analysis

The study results were analyzed by both descriptive and 
inferential statistics. Standard descriptive statistics for 
numerical summaries are the number of observations (n), 
mean, standard deviation, median, minimum, and maxi-
mum values.

Table 1.  Schematic representation of clinically relevant scenario parameters for data acquisition for evaluation of EchoSure and 
Duplex ultrasonography in the arteriovenous fistula benchtop model.

Scenario 1 2 3 4 5 6 7 8 9 10 11 12

Conduit diameter (mm) 4 4 4 4 6.4 6.4 6.4 6.4 7.9 7.9 7.9 7.9
Volumetric flow (mL/min) 250 500 750 1000 250 500 750 1000 250 500 750 1000
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The first part of the study assessed the accuracy and 
precision of measurements made by inexpert personnel 
using the EchoSure system. A repeated measures model 
was used to assess the precision of the inexpert personnel 
against the actual flow values. The second part of the study 
repeated this same procedure but using certified vascular 
ultrasonographers and standard Doppler ultrasound 
platforms.

The sample size of 12 expert and 12 inexpert users was 
selected for this study in order to provide additional power 
for the second comparison between user types for the flow 
rate of 1500. A sample size of 12 per group provided 80% 
power to detect a difference of 300 (20% of 1500) assum-
ing the standard deviation for the EchoSure users is 89 and 
the standard deviation for expert users is 317 based on pre-
liminary testing. Each user collected 15 samples at each 
flow level which would provide adequate power (two-
group Mann-Whitney U test, α = 0.05, β = 0.9, µ0 = 1500, 
µ1 = 1800, σ1 = 317, σ2 = 89). With a sample size of 12 
EchoSure users and the same assumptions for the 1500 
flow rate indicated standard deviation of 89, the study had 
greater than 99% power to demonstrate the mean differ-
ence is less than 300 using a single sample t-test. Hence, 
the study should have sufficient power to consider each 
flow rate separately.

Lastly, we sought to conduct a more rigorous compari-
son to account for the correlation of results within partici-
pants and possibility of measurement error being different 
at high or low flow rates. We therefore developed a mixed 
effects linear regression model to account for these factors. 
We compared the percent error from true flow for Duplex 
and EchoSure. The true flow and measurement modality 
were included as fixed effects while individual rater was 
included as a random effects factor. We also examined per-
cent error within each category of flow (i.e. 250, 500, 750, 
1000). All statistical analysis was performed using STATA/
MP 14.0 (StataCorp Inc., College Station, TX).

Results

The study included 25 participants with 13 dialysis clini-
cians performing EchoSure scans and 12 sonographers 
performing Duplex ultrasound examinations. Each partici-
pant performed 60 examinations and each examination 
obtained four data points: depth, diameter, volumetric flow 
rate, and diameter used to calculate volumetric flow rate. 
This yielded approximately 5000 data points, all of which 
were available for computation and statistical analysis.

EchoSure measurements versus true flow rates

The first portion of the study concerned with measuring 
the accuracy and precision of the EchoSure device demon-
strated a high degree of concordance between the EchoSure 
measures and actual values of depth, diameter, and 

volumetric flow rates (Table 2). Across all measurements 
for flow rate, diameter, and depth, the observed measure-
ments fell easily within 20% of the actual value.

EchoSure versus duplex ultrasonography

When comparing Duplex and EchoSure to true values, 
both Duplex and EchoSure performed within the expected 
tolerance of ultrasound readings, which has been cited by 
experts as up to 35% real world variability based on opera-
tor and patient specifics (Figure 1).24 In addition to passing 
the criteria of <20% variation across all flow rate meas-
urements, Duplex and EchoSure showed similar perfor-
mance accuracy (Table 3). The average error between the 
observed measurement and the ground truth was small for 
Duplex and EchoSure (Table 4). While the average error 
was equivalent across both modalities, Duplex measure-
ments had a much larger standard deviation than EchoSure 
measurements. The average coefficient of variation for 
Duplex pooled over all flow rate measurements was 17% 
(Table 3), while the same metric for EchoSure was only 
4% (Table 2).

Regarding diameter, Duplex measurements had an 
average error of 15% with an average coefficient of varia-
tion of 6% across all measurements, while EchoSure had 
an average error of 4% with an average coefficient of vari-
ation of 2%. Duplex and EchoSure measurements over all 
depths had the same average error of 2%. Duplex had an 
average coefficient of variation of 5%, while EchoSure 
measurements had an average coefficient of variation of 
2%. Overall, there was less than 10% variation between 
Duplex and EchoSure across all key measurements (flow, 
diameter, and depth). The two modalities were not statisti-
cally different for depth measurement (p = 0.05). However, 
when a significant difference was present, as it was for 
flow rate and vessel diameter, EchoSure was closer to the 
true value (flow: p = 0.028, ρ = −0.07; diameter: p < 0.001, 
ρ = 0.69). This did not meet criteria to suggest a clinically 
meaningful degree of discordance between Duplex and 
EchoSure when compared head-to-head.

Regression model flow estimation results

Ultrasound underestimated true flow by an average of 
3.2% (95% CI: 8.1% underestimate to 1.8% overestimate; 
p = 0.21) and EchoSure underestimated by an average of 
2.1% (95% CI: 8.2% underestimate to 2.9% overestimate; 
p = 0.49). EchoSure was, on average, 1.0% higher than 
ultrasound (95% CI: 6.8% below to 8.8% above). 
Ultrasound significantly overestimated flow at a true flow 
of 250 mL/min (p = 0.04) and significantly underestimated 
flow at a flow rate of 750 (p = 0.004) and 1000 mL/min 
(p < 0.001), whereas flow measured by EchoSure did not 
significantly differ from the true flow for any of the tested 
flow rates.



Calotta et al.	 5

Technician experience and acquisition time

Finally, there was no association between the experience 
of the scanner and the percent error of measurements for 
either DUS or EchoSure (Table 5). The inexpert personnel 
using the EchoSure platform were able to acquire data sig-
nificantly faster than the expert vascular sonographers 
using the Duplex ultrasonography equipment (Table 6), 
with Duplex taking 62% longer than EchoSure to perform 
the scans (141 min for Duplex vs 87 min for EchoSure for 
collecting 60 scans).

Discussion

This prospective, head-to-head comparison study of a 
novel platform for automated AV fistula assessment by 
dialysis clinicians versus traditional Duplex ultrasonogra-
phy for evaluation of vessel depth, diameter, and flowrate 
on a benchtop flow phantom model demonstrated that 
EchoSure was at least as precise and accurate as the gold 

standard modality, Duplex ultrasonography. This result 
was seen across flow rates ranging from 250 to 1000 mL/
min. In fact, the EchoSure system tended to produce indi-
vidual readings that more closely represented the actual 
values than did the conventional Duplex equipment.

The first element of the study demonstrated that the 
EchoSure is both accurate and precise in the hands of a 
representative dialysis clinic user, such as a registered 
nurse or a dialysis technician. As seen in Table 2, for all 
parameters measured, the coefficient of variability was 
less than 4% and the percent error less than 13%. We 
established 20% as cutoff for clinically meaningful per-
cent error. Previous reports have shown up to a 35% vari-
ation in Duplex-measured versus actual flow, so a more 
challenging threshold was selected to account for possi-
ble additional error in clinical settings.24 EchoSure pro-
duced measurements in all test runs well within that 
cutoff.

In the second part of the study, EchoSure was compared 
to the gold standard, Duplex ultrasonography performed 

Table 2.  Summary data results for validation of the EchoSure device.

EchoSure flow measurements

Diameter (mm) True flow (mL/min) Mean SD Variance CV % Error

4 1000 914 41 1684 4% 9%
750 678 29 840 4% 10%
500 463 21 429 4% 7%
250 230 9 87 4% 8%

6.3 1000 952 40 1596 4% 5%
750 693 27 750 4% 8%
500 484 18 325 4% 3%
250 242 10 102 4% 3%

7.9 1000 1069 22 478 2% −7%
750 834 20 389 2% −11%
500 545 12 147 2% −9%
250 282 9 79 3% −13%

Average 4% 8%

EchoSure diameter measurements

Diameter (mm) True diameter 
(mm)

Mean SD Variance CV % Error

4 4 4 0.1 0.02 3% 0%
6.3 6.3 5.9 0.1 0.01 2% 6%
7.9 7.9 7.5 0.1 0.01 1% 5%
Average 2% 4%

EchoSure depth measurements

Diameter (mm) True depth (cm) Mean SD Variance CV % Error

4 3.9 4.8 0.2 0.03 4% −2%
6.3 4.4 5.3 0.1 0.02 2% −1%
7.9 3.7 4.4 0.1 0.01 3% 2%
Average 2% 2%

CV: coefficient of variance; SD: standard deviation.
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by a certified vascular sonographer. The data obtained by 
the Duplex platform was also accurate and precise, with all 
the mean measurements being less than or equal to 18% 
error (Table 3). The magnitude of the percent error and 
coefficient of variation were equal to or greater for the 
Duplex system compared to the EchoSure system across 
all tested parameters. The EchoSure platform produced a 
much narrower range of volumetric flow measurements 
than the Duplex ultrasound setup (Figure 2). We rigorously 
characterized this comparison for volumetric flow rate and 
found that the percent error for Duplex ultrasound, at high 
flow rates, was significantly different than the actual value, 
whereas EchoSure had no significant difference from the 
actual value at any flow rate (Table 4). This difference may 
be attributed to the manual nature of Duplex measure-
ments and the high impact that small differences in diam-
eter or angle measurements have on the resulting output 
measurements.

Interestingly, in addition to providing data that is at 
least as precise and accurate as the gold standard, the 
EchoSure platform enabled inexpert personnel to acquire 
the relevant data points in a significantly shorter period of 
time, approximately 40% faster, on average. This excludes 
the substantial additional post-Duplex time for study sav-
ing, uploading to PACS, and clinician interpretation and 

generation of a full report, which is done in real-time on 
the EchoSure platform.

Our data suggests that Duplex ultrasonography is most 
useful when serial measurements are made and a repre-
sentative value (e.g. the median or mean) is used instead of 
a single measured value. This phenomenon was notably 
not observed in the datasets produced by the EchoSure 
platform, in which individual measurements were more 
likely to better represent the ground truth; this reached sta-
tistical significance in the benchtop models of 750 and 
1000 mL/min. The semi-automated nature of the EchoSure 
platform’s data acquisition, both in terms of the mecha-
nized transducer array and artificial intelligence-guided 
vessel identification, may outweigh the stochastic effects 
introduced by a human sonographer, regardless of the 
sonographer’s experience or skill level.

Our results also suggest important considerations for 
the interpretation of Duplex ultrasound data. Pooled over-
all flow measurements showed no significant variation 
from true flow. However, the analysis at each flow rate 
showed that DUS tended to overestimate flow at low flow 
rates and underestimate flow at high flow rates. EchoSure 
did not show this bias. However, this should be placed in 
context insofar as DUS was still generally well within our 
pre-defined 20% acceptable error level.

Figure 1.  Visual representation of the proportion of measurements falling within a given percentage error from the true, pump-
measured flow rate (ground truth). The horizontal axis shows the percentage error and the vertical axis provides the proportion of 
measurements falling within the given percentage error. Essentially all measurements obtained with EchoSure were within 20% of 
the true flow rate (the pre-defined clinically acceptable threshold).
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This report is of interest to clinicians responsible for the 
creation, maturation, and assessment of AV fistulae, which 
includes vascular surgeons, interventional radiologists, 
medical and interventional nephrologists, and primary 
care physicians. Previous literature has convincingly 
shown the value of ultrasonography in improving the prob-
ability of successful maturation of an AVF.9–11,15 Similarly, 
compliance with AVF follow-up to objectively assess 

maturation is an important aspect of timely maturation to 
enable recognition of non-maturation and to facilitate 
proper permission to cannulate.25,26 However, the process 
of acquiring Duplex ultrasound information is far from 
easy and limits its routine use in this patient population. 
Patients must invest hours of their time and navigate com-
plicated transportation logistics to and from specialty radi-
ology centers or vascular labs which may be far from 

Table 3.  Summary data results for measurements made by duplex ultrasonography.

Duplex flow measurements

Diameter (mm) True flow (mL/min) Mean SD Variance CV % Error

4 1000 847 151 22,905 18% 15%
750 672 132 17,391 20% 10%
500 460 84 7064 18% 8%
250 254 46 9342 18% −2%

6.3 1000 883 110 12,180 12% 12%
750 663 90 8127 14% 12%
500 466 75 5659 16% 7%
250 254 41 1713 16% −2%

7.9 1000 975 174 30,294 18% 3%
750 765 117 13,722 15% −2%
500 540 108 11,579 20% −8%
250 287 50 2481 17% −15%

Average 17% 8%

Duplex diameter measurements

Diameter (mm) True diameter (mm) Mean SD Variance CV % Error

4 4 3.5 0.3 0.1 9% 13%
6.3 6.3 5.2 0.3 0.07 5% 18%
7.9 7.9 6.8 0.3 0.06 4% 14%
Average 6% 15%

Duplex depth measurements

Diameter (mm) True depth (cm) Mean SD Variance CV % Error

4 3.9 3.8 0.2 0.04 5% 3%
6.3 4.4 4.4 0.2 0.03 4% 0%
7.9 3.7 3.6 0.2 0.04 6% 4%
Average 5% 2%

Table 4.  Mixed-model regression analysis looking at true flow versus measured flow. Variation was controlled for across individual 
raters (random-effects factor).

True flow (mL/min): 250 500 750 1,000 Overall (Pooled)

Duplex error (%): 
(error 95% CI)

+6.10%  
(+0.3, +11.85)
p = 0.04*

−2.31%  
(−8.11, +3.49)
p = 0.44

−6.64%  
(−11.13, −2.15)
p = 0.004*

−9.80%  
(−14.41, −5.19)
p < 0.001*

−3.16%  
(−8.09, +1.76)
p = 0.21

EchoSure error (%): 
(error 95% CI)

−0.87%  
(−7.91, + 6.17)
p = 0.81

−1.70%  
(−8.81, +5.41)
p = 0.64

−3.04%  
(−8.53, +2.46)
p = 0.28

−2.98%  
(−8.63, +2.66)
p = 0.30

−2.15%  
(−8.18, +3.89)
p = 0.49

*Flow measurement error reaching significant difference from true flow rate (p < 0.05).
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home.27 The examination requires uniquely credentialed 
sonographers and physicians to perform and interpret the 
studies, which often do not result for several days after the 
exam itself takes place. Due to these challenges, dialysis 
patients are not compliant with visits outside of life-sus-
taining dialysis sessions (i.e. maturation assessment, ultra-
sound examinations with trained Vascular Technologists).25

As a result, real-world Duplex compliance rates are 
remarkably poor, ranging from 12% to 33% even when a 
dedicated liaison is used to encourage compliance.27 The 
costs involved can also be prohibitive, especially for large, 
public payers.28 This is likely a causative factor explaining 
why representative national database studies such as USRDS 
consistently indicate that most fistulas are not used for sev-
eral months after prospective cohort studies on maturation 
timelines would suggest they should be. This extended cath-
eter contact time is a significant contributor to ESRD patient 
morbidity and mortality on a national population level.

This study has several notable limitations. This is a 
bench-top model of AVFs rather than a clinical study and 
additional clinical validation is therefore necessary. The 
benchtop model used in the experiment is novel and has not 
been validated as correlating to clinical AVF outcomes. 
Despite these limitations, EchoSure seems to have potential 
as a tool to acquire critical AVF decision-making data in the 
dialysis unit and offers several advantages over DUS. For 
patients, the examination time is much shorter and does not 
require extra appointments and the associated travel and 
financial burden. For providers, the system obviates the 
need for a trained vascular ultrasonographer, instead 
empowering practicing nurses, dialysis technicians, and 
other similar professionals to safely and effectively acquire 
data. Perhaps most importantly, the system also presents 
real-time data that is available to the physician making 
patient management decisions at the dialysis bedside.

In summary, we conducted a benchtop experiment to 
compare the accuracy and precision of the EchoSure plat-
form in the hands of non-sonographers to that of gold-
standard Duplex ultrasound. EchoSure was as or more 
accurate, showing less variable measurements at higher 
flow rates. Additionally, EchoSure allowed collection of 
the same data in a much shorter period of time. The 
EchoSure platform may offer a safe, accurate, and con-
venient alternative to Duplex ultrasonography for imaging 
fistulas in the dialysis clinic. Clinical studies to more rig-
orously define the role of EchoSure in the care of ESRD 
patients with AVF are warranted.
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