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Use of a proactive duplex ultrasound protocol
for hemodialysis access

Nathan K. Itoga, MD," Brant W. Ullery, MD," Ken Tran, BS,” George K. Lee, MD,>"
Oliver O. Aalami, MD,*" Fritz R. Bech, MD," and Wei Zhou, MD,>" Stanford and Palo Alto, Calif

Objective: Arteriovenous fistula (AVF) creation is the preferred approach for hemodialysis access; however, the maturation
of AVFs is known to be poor. We established a proactive early duplex ultrasound (DUS) surveillance protocol for
evaluating AVFs before attempted access. This study determined the effect of this protocol related to improving AVF
maturation.

Methods: From 2008 to 2013, 153 patients received new upper extremity AVFs and an early DUS surveillance protocol at
a single academic institution. The protocol involved an early DUS evaluation before hemodialysis cannulation of the AVF
at 4 to 8 weeks after AVF creation. A positive DUS result was identified as a peak systolic velocity of >375 cm/s or a >50%
stenosis on gray scale imaging, along with decreased velocity in the outflow vein. Patients with positive DUS findings
underwent prophylactic endovascular or open intervention to assist with AVF maturation. Nature of secondary
interventions, as well as AVF patency and maturation, were assessed. Overall clinical outcomes and fistula patency were
investigated.

Results: During the study period, 183 upper extremity AVFs were created in 153 patients, including 82 radiocephalic,
63 brachiocephalic, and 38 brachiobasilic AVFs. A mortality rate of 43% (n = 66) was observed in a median follow-up
period of 34.5 months (interquartile range, 19.6-46.9). A total of 164 early DUS were performed at a median of 6 weeks
(interquartile range, 3.4-9.6 weeks) after the initial creation. Early DUS showed nine AVFs were occluded and were
excluded from further analysis. Hemodynamically significant lesions were found in 62 AVFs (40%); however, only 17
(11%) were associated with an abnormal physical examination. Positive DUS finding prompted a secondary intervention
in 81% of the patients. Among those with positive early DUS findings, AVF maturation was 70% in those undergoing a
secondary intervention compared with 25% in those not undergoing a prophylactic intervention (P = .011). Primary-
assisted patency for AVFs with early positive and negative DUS findings were 83% and 96% at 6 months, 64% and
89% at 1 year, and 52% and 82% at 2 years, respectively (P < .001).

Conclusions: Early DUS surveillance of AVFs before initial access is reasonable to identify problematic AVFs that may
not be reliably detected on clinical examination. Although DUS criteria for AVFs have yet to be universally accepted,
proactive early postoperative DUS interrogation assists in the early detection of dysfunctional AVFs and improvement
of fistula maturation. Despite improved patency in those with positive DUS findings who undergo prophylactic
secondary intervention, overall patency remains inferior to those without an abnormality detected on early DUS

imaging. (J Vasc Surg 2016;m:1-8.)

Arteriovenous fistula (AVF) creation is recommended
as the initial approach for hemodialysis (HD) access.'”
Recent reports have shown decreased mortality if HD is
initiated through AVFs compared with HD catheters.’®
However, AVF maturation continues to be problematic,
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with reported primary failure rates varying between 20%
and 60%.™°

Potential modes of AVF maturation failure include
impaired arterial inflow, anastomotic stenosis, outflow
vein stenosis, poor quality of vein conduit, competitive
flow through vein side branches, and central venous
obstruction.® Of these, most AVF failures are due to an
underlying venous outflow stenosis.”* Stenosis along the
fistula vein causes a gradual reduction in blood flow in
the outflow vein, thereby altering the AVF pressure and
ultimately causing thrombosis or failure to mature. Current
recommendations advise routine screening to detect AVFE
stenosis to allow rescue interventions.” However, physical
examination alone is frequently the sole determinant of
readiness for cannulation and identifying problematic
AVFs before HD is initiated.

We implemented a proactive duplex ultrasound (DUS)
protocol to detect AVFEs with early stenosis at 4 to 8 weeks
after creation. Patients with AVFs with positive findings
for stenosis on DUS imaging were then offered an
intervention before HD access to improve maturation.
This study assessed whether implementation of the
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Table I. Patient demographics for early positive and negative duplex ultrasound (DUS) findings®

Univariate model Multivariate model

Varinble’ Positive DUS (n = 62)  Negative DUS (n = 93) D value OR (95% CI) P value
Age, years 651 *75 62.7 =94 12 1.06 (1.00-1.12) .031
Male sex 62 (100) 92 (99) 1 Omitted N/A
Diabetes 35 (57) 67 (72) 13 0.77 (0.24-2.52) .67
Hypertension 46 (74) 74 (80) .76 1.43 (0.24-8.54) .69
Hyperlipidemia 1 (50) 67 (72) .014 0.25 (0.07-0.85) .027
Congestive heart failure IO (16) 26 (28) A2 0.42 (0.13-1.29) 13
Coronary artery disease 14 (23) 26 (28) .67 0. 69 (0.22-2.15) .53
Tobacco, current 7 (11) 14 (15) .65 3(0.18-2.16) 46
Aspirin 33 (53) 37 (40) .015 2. 64 (0.93-7.49) .067
Clopidogrel 3(5) 7 (8) .60 0.68 (0.10-4.51) .69
Anticoagulation 3(4.8) 8(9) 45 0.78 (0.12-4.75) .78
Access configuration* 18 (29) 4 (47) .029 2.04 (0.54-7.71) .29
Vein mapping diameter, mm 3.6 0.7 3911 .069 0.59 (0.33-1.03) .064
Regional anesthesia 25 (40) 47 (51) .35 0.61 (0.23-1.57) 31
Previous dialysis access 18 (29) 17 (18) .16 1.35 (0.39-4.59) .63
Current dialysis 38 (61) 35 (38) .003 3.76 (1.35-10.54) 011

CI, Confidence interval; N/A, not applicable; OR, odds ratio.

*OR for ecarly positive DUS findings according to univariate and multivariate analysis.
Continuous variables are shown as mean * standard deviation and categoric variables as number (%).

“Brachiobeasilic vs radiocephalic and brachiocephalic.

proactive early postoperative DUS imaging protocol would
yield improved AVF maturation by facilitating early identi-
fication and potential treatment of hemodynamically signif-
icant lesions. Furthermore, this study aimed to understand
the clinical course of AVFs with early stenosis detected with
DUS.

METHODS

The governing Institutional Review Board approved
this study, which was conducted in accordance with the
Health Insurance Portability and Accountability Act
requirements. Patient consent was waived.

Study design. This retrospective observational study
included all consecutive patients who underwent upper
extremity AVF creations for HD at a single academic insti-
tution from 2008 to 2013. To optimize fistula maturation,
an early DUS protocol was implemented to identify AVFs
at risk for early failure. The protocol involved patients who
received an early DUS study before the first postoperative
clinic visit planned at 4 to 8 weeks after surgery. If the early
DUS imaging was suspicious for stenosis along the venous
outflow, the patient underwent a fistulogram or operative
intervention to investigate the DUS findings. An interven-
tion to assist with fistula maturation was performed after a
discussion between the vascular surgeon and patient.

Patients were monitored by the medical and nephrology
services. Vascular surgeons also saw the patients as needed,
particularly if there were concerns for AVF dysfunction after
HD was initiated.

Patient medical records were queried for demo-
graphics, comorbidities, medications, and perioperative
data. Coronary artery disease was defined as a history of
myocardial infarction, any coronary revascularization, or
history of angina. Hypertension was defined as systolic

blood pressure >140 mm Hg and diastolic blood pressure
>90 mm Hg. Hyperlipidemia was elevation of any or the
entire lipid profile. Tobacco abuse was defined as active
intake of any form of nicotine. Previous vascular access
creations and HD catheter usage at the time of AVF
creation were noted. Documented congestive heart failure
was also noted.

Also investigated were the initial follow-up visit notes
detailing the physical examination of the AVE, flow veloc-
ity, characteristics on early DUS studies, and fistula
patency. Long-term patency and timing of interventions
were noted. Primary assisted patency was defined as AVF
access survival, including intervention(s) to maintain
patency, without an episode of total occlusion.

AVF creation. Patients were referred to the vascular
surgeon for HD access at the recommendation of the their
nephrologists. The study excluded lower extremity graft cre-
ation for HD access. All patients received a preoperative
physical exam, and formal preoperative vein mapping was
performed in 97% of patients. Wrist radiocephalic creation
was considered the first option if adequate cephalic vein
caliber and arterial inflow were present at the wrist, followed
by brachiocephalic and then brachiobasilic AVF creation.
Brachiobasilic AVFs were routinely performed in a two-
stage fashion. Intraoperative vein mapping was always per-
formed before the incision to confirm preoperative vein
mapping results and proposed AV access configuration.

DUS imaging. At the first postoperative visit, patients
underwent a physical examination as well as a review of the
DUS study to evaluate fistula maturation. The DUS study
was performed on the day of the clinic evaluation or up to
1 week before the clinic evaluation, according to the avail-
ability of the sonographers to perform the examination.
A standardized DUS protocol was implemented using a
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Table II. Access configuration including perioperative findings and interventions performed according to arteriovenous

fistula (AVF) type

Type of access

Variable Radiocephalic Brachiocephalic Brachiobasilic
AVFs created, No. (% of total AVF created) 82 (45) 63 (34) 38 (21)
Preoperative vein mapping diameter, mean * SD, mm 35*+08 40 £1.1 42 +12
Undergoing regional anesthesia, No. (% of AVF type) 33 (40) 27 (43) 21 (55)
Early thrombosis, No. 4 4 4
Positive DUS findings No. (% of AVF type) 28 (34) 16 (25) 18 (47)
AVFs undergoing intervention, No. (% of AVF type) 45 (55) 20 (32) 18 (47)
Interventions, No. (% of total interventions) 78 (49) 48 (30) 33 (21)

SD, Standard deviation.

Phillips iu22 imaging station (Phillips Medical Systems,
Foster City, Calif). The AV anastomosis was first identified
under B-mode imaging. The arterial inflow was then inves-
tigated with Doppler studies recording waveforms and
peak systolic velocity. The anastomotic velocities were
then recorded in a similar manner.

The outflow of the fistula tract was investigated in
B-mode to measure vein diameter and in Doppler mode
to record peak systolic velocities and waveforms. Hemody-
namically significant venous outflow stenosis was identified
by a peak systolic velocity of >375 cm/s or evidence of
>50% luminal reduction on cross-sectional images in addi-
tion to evidence of venous flow impairment distal to the
stenosis, as described previously.'® Elevated systolic veloc-
ities at the anastomosis alone were not considered hemody-
namically significant unless velocities further along the
venous outflow were impaired. Measurements were
recorded along the length of the AVF at 2, 5, 10, and
15 cm as feasible from the anastomosis. Additional
anatomic restrictions or flow abnormalities were noted by
the sonographer and included in the study report.

Clinical evaluation and interventions. Ultrasound
findings and physical examination were used as criteria to
determine if an AVF was ready for access. Surgical trainees
and a vascular surgery attending evaluated patients to
confirm adequately maturing fistula or an examination
with an abnormal result. If the result of the physical exam-
ination abnormal or a positive DUS result was encoun-
tered, the patient proceeded to a fistulogram to evaluate
stenosis or was scen again in follow-up with a repeat
ultrasound examination.

An operative intervention was performed if the AVF
was unable to be repaired with an endovascular approach
or the surgeon felt the reason for AVF immaturity was
better served with an open intervention (eg, side-branch
ligation or anastomotic revision to assist with maturation).
Fistulograms and a central venogram were performed
under local anesthesia and conscious sedation in an inter-
ventional suite. After the diagnostic fistulogram, the patient
received interventional procedures, including balloon
angioplasty, if the fistula was deemed salvageable. The
choice of balloon type, diameter, and length were based
on the angiographic findings and the surgeon’s discretion.
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Fig 1. Patient survival during follow-up period shown with the
standard error (SE).

Percentage stenosis on fistulogram was calculated as pre-
viously described,'® where percentage stenosis = [ 1 — lumen
of diseased segment/lumen of normal segment] x 100%.
DUS imaging that met positive stenosis criteria and associ-
ated fistulogram findings during the study period were
compared when both studies were available. The correlation
between the percentage of stenosis and DUS findings was
calculated using the Pearson correlation.

Statistical analysis. Descriptive statistics were used to
assess study demographics, comorbidities, and outcomes
variables, as appropriate. Survival and AVF patency rates
were estimated by Kaplan-Meier methods. Differences in
event-free survival were determined using log-rank tests.
Categoric variables were compared with Pearson x? and
continuous variables with Mann-Whitney U tests. Predic-
tive factors of clinical outcomes were assessed with
univariate and multivariate logistic regression models.
P < .05 was considered statistically significant for all ana-
lyses. Calculations were performed in Stata 12.0 software
(StataCorp LP, College Station, Tex).

RESULTS

From 2008 to 2013, 153 patients (99% male) under-
went AVF creation procedures. Patients were a mean age
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183 Upper Extremity Arterio-venous Fisultae
Created in 153 patients (2008-2013)

82 Radio-cephalic

63 Radio-cephalic 38 Brachio-basilic

l

|

164 Early DUS Performed (90%)

Median 1.6 months after the initial creation (IQR 0.8 to 2.3)

19 Early DUS Not
performed

y

y y

93 Negative for Stenoses

62 Positive For Stenoses

9 Occluded on DUS
(12 total)

|

|

l

29 AVF underwent
Intervention (31%)

89 Matured (96%)

50 AVF underwent
Intervention (81%)

12 No Intervention

35 Matured (70%)

3 Maturated (25%)

P=.011

Fig 2. Arteriovenous fistula (AVF) outcomes according to early positive and duplex ultrasound (DUS) findings and

interventions.

Table ITI. Overview of interventions for arteriovenous fistula (AVF) maturation and rescue according to duplex

ultrasound (DUS) findings

Varinbles” Positive early DUS  Negative early DUS No early DUS
Total AVFs undergoing intervention 50/62 (81) 29,93 (31) 4/19 (21)
Total AVF undergoing first intervention in the first year after creation 46 (92) 22 (76) 3(75)
Timing of first intervention after AVF creation, months 6.0 (0.5-26.4) 11.0 (1.0-53.8) 13.4 (0.2-31.7)
Total interventions performed 96 57 6
Type of endovascular intervention

Venogram without intervention 14 9 2

Balloon venoplasty 66 34 3

Open intervention 16 14 1
Categoric variables are shown as number (%) and continuous variables as mean (range).
of 63.8 years (Table I). A total of 183 upper extremity undergoing an early DUS study are noted in

AVFs were created, comprising 82 radiocephalic, 63
brachiocephalic, and 38 brachiobasilic AVFs (Table II).
The median follow-up period was 34.5 months (interquar-
tile range, 19.6-46.9 months). There were 66 deaths (43%
of total patients) during the follow-up period, with a
median survival of 20.3 months after fistula creation
(Fig 1). Early DUS was performed in 164 AVFEs (90%) at
a median of 6 weeks (interquartile range, 3.4-9.6 weeks)
after fistula initial creation. Reasons for patients not

Supplementary Table I (online only). Nine AVFs were
completely occluded on the DUS study before an interven-
tion could be performed and were excluded from further
analysis.

Among the 155 AVFs with DUS studies, 62 (40%) had
positive findings concerning for significant stenosis (Fig 2).
However, only 17 of the AVFs (11%) with positive DUS
findings had abnormalities on the initial postoperative phys-
ical examination (Supplementary Table II, online only).
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Fig 3. Correlation of peak systolic velocity on duplex ultrasound
(DUS) imaging and stenosis percentage on fistulogram.

Of those with positive DUS findings, 28 (34%) were in
radiocephalic, 16 (25%) were in brachiocephalic, and 18
(47%) were in brachiobasilic AVFs. Risk factors for positive
DUS findings were examined, including patient demo-
graphics (age, gender, and smoking history), comorbidities
(diabetes, hypertension, hyperlipidemia, congestive heart
failure, and coronary artery disease), medications
(antiplatelet and anticoagulation), fistula configuration, pre-
operative venous diameters on vein mapping, anesthesia
types, and history of HD. Increasing age (odds ratio
[OR], 1.06; 95% confidence interval [CI], 1.00-1.12; P =
.031) and current HD (OR, 3.76; 95% CI, 1.35-10.54;
P = .011) were independent risk factors for positive DUS
findings, whereas hyperlipidemia (OR, 0.25; 95% CI,
0.07-0.85; P = .027) was independently protective against
positive DUS findings on multivariate logistic regression
analysis. Larger preoperative vein diameters showed
a protective trend against positive DUS findings but did
not reach statistical significance (OR, 0.59; 95% CI, 0.33-
1.03; P = .064) in the multivariate model (Table I).

During the follow-up period, 159 secondary interven-
tions were performed on 83 AVFs (Table III), which
included interventions after successful cannulation. During
the following up period, 81% of the 62 DUS-positive AVFs
received a secondary intervention compared with 31% of
the DUS-negative AVFs (P < .001). The mean overall
time to intervention after AVF creation was 6.0 months
for the DUS-positive cohort vs 11.0 months for the
DUS-negative group. Most AVFs received multiple inter-
ventions. Details regarding open interventions are noted
in Supplementary Table III (online only), and interven-
tions according to AVF type are noted in Table II.

For the AVFs with DUS-positive findings, 70% of those
that received an intervention went on to maturation
compared with 25% of those without an intervention
(P = .011; Fig 2). Reasons for the 12 AVF in the DUS-
positive group not receiving a secondary intervention are
noted in Supplementary Table IV (online only). For the
AVFs with positive findings, 29 patients underwent a
repeat DUS before fistulogram or re-examination of the
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AVF before failure or abandonment. The stenosis in one
instance resolved after second-stage basilic transposition;
however, all others did not resolve on follow-up ultrasound
imaging without an intervention. In only one AVF with a
positive DUS finding was >50% stenosis not seen on
venogram.

When DUS findings and fistulogram findings were
compared, we found a mild correlation between elevated
peak systolic velocities and percentage stenosis on fistulo-
gram (» = .30, P = .0097; Fig 3). There were also five
DUS studies where the peak systolic velocity
was <375 cm/s; however, >50% stenosis was found on
B-mode and fistulogram findings.

The overall primary assisted patency rates at 6 months,
and 1, 2, and 3 years were 83%, 72%, 61%, and 61%, respec-
tively (Fig 4, A). The primary assisted patency for AVFs
with early positive and negative DUS findings were 83%
and 96% at 6 months, 64% and 89% at 1 year, and 52%
and 82% at 2 years, respectively (P < .001; Fig 4, B).
The primary assisted patency rates by radiocephalic,
brachiocephalic, and brachiobasilic AVF type were 85%,
85%, and 80% at 6 months, 75%, 80%, and 65% at 1 year,
and 70%, 75%, and 48% at 2 years, respectively (Fig 4, C).

DISCUSSION

The “fistula first” initiative has resulted in a significant
increase in AVF creation for HD since its adoption; howev-
er, AVF maturation rates are often unsatisfactory. We
adapted a proactive protocol to use early DUS screening
to investigate outflow stenosis in newly created AVFs
with intention to treat. We found that 40% of newly
created AVFs had hemodynamically significant stenosis
on early DUS imaging, despite a normal result on physical
examination, and that the maturation for intervened AVFs
after a positive DUS finding was 70%. To our knowledge,
this is one of largest comprehensive studies with the longest
follow-up to evaluate early AVF surveillance using DUS
imaging. Our study underscores that proactive identifica-
tion of stenosis using an early DUS protocol aids in AVF
maturation.

A clinical trial is currently underway to investigate
clinical, anatomic, and biologic attributes that contribute
to fistula maturation, which includes early postoperative
DUS evaluation.® A systematic review on DUS imaging
for AVEs and AV graft creation showed that routine
DUS surveillance did not improve patency outcomes.
However, this review included heterogeneous studies
involving both AVFs and AV grafts, and the methods of
surveillance in various studies are inconsistent.'' Several
smaller studies showed that DUS imaging of AVFs corre-
lated well with clinically significant stenosis on angiography
and could be used as a screening modality to improve AVF
maturation with intervention.'*'® Our results are consis-
tent with results from these studies and showed that pro-
phylactic intervention improves AVF maturation among
those with a positive DUS study.

Criteria regarding evaluation of clinically significant
stenosis have yet to be standardized. Volumetric flow rates
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Fig 4. A, Primary assisted patency of total arteriovenous fistulas (AVFs). B, Primary assisted patency according to early
positive and negative duplex ultrasound (DUS) findings. C, Primary assisted patency according to AVF configuration.

Data are shown with the standard error (SE).

with ultrasound evaluation have been recommended to
identify problematic AVFs that can be further treated for ste-
nosis.” However, the flow rate only measures a portion of
the fistula and may not evaluate stenosis near the anasto-
mosis or distally.’® Tessitore et al'” showed that detecting
and treating subclinical stenosis, despite adequate flow vol-
umes, is cost-effective in maintaining fistula patency. We
chose to use previously validated criteria to evaluate the
entire AVF before cannulation.'® Although other criteria,
including elevated velocity ratios, have been stud-
ied,”' 11 our data showed that DUS findings of
>375 cm/s and >50% luminal reduction on cross-
sectional imaging at the stenotic area, along with evidence
of compromised venous outflow distal to stenosis, are valid
criteria in detecting problematic AVFs. We also found that
higher elevated peak systolic velocities have only a mild cor-
relation with increasing stenosis (Fig 3), and therefore,
B-mode imaging and downstream flow velocity should
also be considered in the evaluation of luminal stenosis.
Our primary assisted patency rates are comparable to
published AVF patency rates.”’ We found that brachioba-
silic AVFs have the highest frequency of positive DUS

finding among the three types and attributed this to
increased surgical handling of the outflow vein during
AVF creation; however, the highest percentage of interven-
tions was performed in radiocephalic AVFs. Previous
studies also showed that radiocephalic AVFs have poor
long-term patency compared with upper arm AVFs, and
some authors advocate for brachiocephalic over radioce-
phalic to improve maturation rates.”’? Our results show
that radiocephalic and brachiocephalic AVFEs have compa-
rable long-term primary assisted patency when intervened
on early for positive DUS findings.

The difference in long-term patency between AVFs
with early positive DUS findings compared with those
without is significant. The 2-year primary assisted patency
rates were near 80% for DUS-negative AVFEs compared
with 50% patency for early DUS-positive AVFs. This dem-
onstrates that AVFs with early positive DUS findings are at
risk for future failure despite prophylactic interventions.
However, we found 70% of DUS-positive AVFs that
received early interventions went on to maturation
compared with only 25% without an intervention, suggest-
ing that early endovascular or open intervention in the
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setting of positive DUS findings improves maturation and
fistula success.

Physical examination has been shown to have a high
sensitivity in detecting dysfunctional AVF and stenosis
and remains an important aspect of follow-up care.”*??
This study sought to use a quantitative method of detect-
ing problematic AVFs in the form of a noninvasive
methods that would not solely rely on subjective evalua-
tion. Our study showed there were only 17% physical
examinations with abnormal results compared with 40%
found with DUS screening, suggesting that early DUS
imaging can help to standardize the diagnosis for problem-
atic AVFs. No fistulas failed <6 months (other than liga-
tion for steal syndrome) in the DUS-negative cohort,
suggesting that DUS imaging was a good measure in
predicting long-term patency of AVFs. However, in the
DUS-negative group, there were still 22 AVFs that
required interventions during the first year based on phys-
ical examination findings and feedback from the dialysis
center. This shows that DUS imaging cannot replace the
necessity for a comprehensive physical examination and
an interdisciplinary approach in optimizing the long-term
patency of AVFs.

Our analysis of risk factors for positive DUS findings
found that hyperlipidemia was protective from positive
early ultrasound findings. Because statin therapy has been
found to have pleomorphic effects, one being reducing
inflammation leading to intimal hyperplasia, this may
explain the protective findings.’®*” However, statin ther-
apy and the overall patency of AVF is not well understood,
and conflicting studies have demonstrated both protective
and deleterious effects on long-term patency.”®?” The
main risk factor for positive DUS findings was the patient
being on HD at the time of AVF creation. Previous work
has confirmed this finding and empbhasizes early AVF crea-
tion and avoidance of temporary catheters.>”*" Preopera-
tive vein mapping®’ nearly reached statistical significance
between the two groups and may contribute positive and
negative DUS findings.

The decision to perform rescue interventions needs to
be carefully considered due to a variety of factors. In nearly
half of cases, an ultrasound study was repeated to help
guide decision making. From our analysis we found that
velocity increases indicating stenosis did not resolve with
time, showing that the narrowing is likely from scarring
around the time of AVF creation, previous trauma, or
intrinsic vein physiology. In the cases with positive DUS
findings, 25% went on to maturation compared with 70%
of those that received an intervention. Our study also
showed a small percentage of AVFEs with positive DUS
findings thrombosed before rescue intervention. Given
these findings, the decision and the timing of intervention
needs to be individualized for each patient. Further work
regarding the location and severity of outflow stenosis,
along with type of rescue intervention, may help further
improve fistula maturation and patency.**** The median
survival in our patients was poor, reflecting disease severity
of this cohort of patients. Therefore, the decision to
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intervene to assist with AVF maturation needs to be indi-
vidualized as well. A more proximal AVF or an AV graft
that has earlier maturation may be more appropriate for
patients who have limited life expectancy.”***

CONCLUSIONS

Early DUS surveillance of AVFs performed before
initial access represents a proactive method of identifying
problematic AVFs that may not be apparent on physical
examination. Although velocity criteria for significant
stenosis have yet to be universally defined, proactive post-
operative DUS imaging assists in the early detection of
dysfunctional AVF and improvement of fistula maturation.
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Supplementary Table I (online only). Patient scenarios
for no early duplex ultrasound (DUS) studies in 19
patients

Itoga et al 8.el

Supplementary Table III (online only). Operative
interventions according to duplex ultrasound (DUS)
findings

® 8-Were not seen in vascular surgery clinic for an early
postoperative visit

® 4-Patient death before follow-up

® 3-Thrombosis in the fistula =<3 days after creation

® 3-Were seen in clinic without a vascular ultrasound performed

® ]-Immediate steal symptoms with urgent fistula revision

Supplementary Table II (online only). Reports of
abnormal result on physical examination

® 6-No thrill

® 3-Thrill 4+ swelling/hematoma/fluid collection
® 2-Bruit 4 poor/no thrill

2-Thrill + prominent side branches

1-Thrill, not raised

1-Thrill, not viable

1-Thrill, pulsatile proximal

1-Pulsatile, no thrill

No early

Positive early DUS Negative early DUS DUS

6-Side branch ligation 5-Ligation/revision 1-Ligation for
3-Anastomosis revision for steal steal
2-Interposition 2-Transposition

2-Hematoma evacuation 3-Side branch ligation
2-Superficialzation 2-Superficialization

1-Transposition 1-Anastomosis revision

1-Aneurysmoraphy

Supplementary Table IV (online only). Patient
scenarios where no intervention was performed despite
positive duplex ultrasound (DUS) findings in 12 patients

Failure of maturation Successful maturation

® 3-Thrombosed before an
intervention performed

® 3-AV graft placement for
quicker dialysis access

® Intravenous drug use
precluding intervention

® Poor radial artery quality

® Did not pursue
intervention given patient
on peritoneal dialysis

® Did not pursue intervention
because patient was not
undergoing HD

® Stenosis resolved after
second-stage basilic
transposition

® Physical examination showed
excellent thrill

AV, Arteriovenous; HD, hemodialysis.
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