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WHAT THIS PAPER ADDS

To the authors’ knowledge, this study is the first to report on mid-term patency and recurrence rates of the
revision using distal inflow (RUDI) technique using a greater saphenous vein interposition graft in a homogenous
group of haemodialysis patients with a high flow brachial-artery based arteriovenous fistula. Results suggest that
a RUDI offers fairly good 3 year patency rates although re-interventions are often required. Furthermore,
recurrence of high flow after RUDI is common as up to 50% develop flows >2 L/min within 3 years. High post-
operative access flows predict recurrence.
Objectives: Upper arm arteriovenous fistulas (AVF) occasionally develop high flow. Revision using distal inflow
(RUDI) effectively reduces flow of high flow accesses (HFA) in the short-term and is also popularised for
treatment of haemodialysis access induced distal ischaemia (HAIDI). The long-term efficacy is unknown. The
study’s aim was to report on 3 year RUDI patency and recurrence rates for HFA with and without HAIDI.
Material and methods: This was a retrospective cohort study of patients with a HFA with or without HAIDI
undergoing RUDI using greater saphenous vein (GSV) interposition between March 2011 and October 2017 at
three facilities. AVFs were termed HFA if flow volumes exceeded 2 L/min on two consecutive measurements
using dilution techniques. HAIDI was diagnosed as recommended. Following RUDI, follow up was not different
from standard care in AVF patients. Data on post-operative flows and re-interventions were extracted from
electronic patient files. Loss to follow up was avoided. Rates of patency and HFA recurrence were analysed.
Results: During the observation period, 21 patients were studied (7 females, 54 years � 3). Fourteen had
uncomplicated HFA whereas seven had additional HAIDI. Immediately post-operatively, flows decreased threefold
(3120mL/min� 171 vs. 1170mL/min� 87, p< .001). Overall 3 year primary patencywas 48%� 12 (HFA, 55%� 15
vs. HAIDI/HFA, 29%� 17, p¼ .042). Secondary patencywas identical in both groups (overall, 84%� 9). Interventions
were percutaneous transluminal angioplasty (n ¼ 12, 9 patients), thrombectomy (n ¼ 7, 3 patients), and revision
with new interposition grafts (n¼ 3). After 3 years, 51%� 12 were free of high flow (HFA, 32%� 13 vs. HAIDI/HFA,
100%, p ¼ .018). High immediate post-operative access flow predicted recurrence (OR 1.004 [1.000e1.007],
p ¼ .044). Patients with recurrence were 12 years younger than those without (p ¼ .055).
Conclusion: RUDI with GSV interposition for HFA offers acceptable patency rates after 3 years although re-
interventions are often required. High immediate post-operative flows and young age are associated with
recurrent high flow.
� 2018 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
Article history: Received 23 November 2017, Accepted 10 March 2018, Available online 19 April 2018
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INTRODUCTION

Up to 4% of an average haemodialysis (HD) population with
autologous arteriovenous fistulas (AVFs) develop a high flow
access (HFA, >2 L/min) over time. Furthermore, haemodial-
ysis access induced distal ischaemia (HAIDI) is not infrequent
ersity from ClinicalKey.com by Elsevier on December 23, 
ssion. Copyright ©2021. Elsevier Inc. All rights reserved.
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in the presence of a HFA.1 Considering the ongoing shift from
radial to brachial artery based AVFs, HFA incidence is ex-
pected to rise as elbow based accesses are associated with
increased risk of unacceptably high flows compared with ac-
cesses originating from smaller calibre forearm arteries.2e5 It
is thought that HFAs often remain asymptomatic.6 However,
increasing evidence shows that HFAs may contribute to heart
failure development in HD patients.6e8 If flow reduction is
indicated, various surgical procedures are available. In distal
radial artery basedHFAs, proximal radial artery ligation (PRAL)
might be considered.9 In contrast, brachial artery based HFAs
may undergo venous outflow banding, effectively decreasing
flow in the short term.10 Although median-term results
demonstrated recurrent high flow in up to half of the banded
patients within 1 year.11,12

An alternative method for flow reduction is termed revi-
sion using distal inflow (RUDI). This approach has been
popularised for treating both HFA and HAIDI in brachial ar-
tery based AVFs.13 During RUDI, an interposition graft, for
example greater saphenous vein (GSV) or polytetrafluor-
ethylene (PTFE), anastomosed to a forearm artery reduces
access flow.14 RUDI effectively reduced flow after 1 year
follow up, unless a basilic vein interposition graft was used.15

Long-term efficacy and patency are unknown. The present
study aimed to report on 3 year RUDI patency and recurrence
rates for HFA with or without HAIDI using GSV interposition.

MATERIAL AND METHODS

Patients undergoing RUDI using GSV for a HFA in the upper
arm with or without HAIDI in three Dutch hospitals (Máxima
Medical Centre, MMC, Veldhoven; Maastricht University
Medical Centre, Maastricht; Radboud University Medical
Centre, Nijmegen) between March 2011 and October 2017
were studied, retrospectively. One year results of some of
the patients who underwent RUDI using different interpo-
sition grafts (n ¼ 13) have been published previously.15 In
the present cohort, RUDI was performed for three types of
upper arm HFAs (brachiocephalic, BC-AVF; brachiobasilic,
BB-AVF; Gracz-AVF).

Patients were included if they had a brachial artery based
AVF for HD with access flows exceeding 2 L/min on at least
two consecutive measurements (or >1.5 L/min with overt
signs of venous congestion or cardiac failure), and if they
had received RUDI using GSV interposition. Exclusion
criteria were RUDI using non-venous interposition grafts, or
radial artery transposition for HFA.

Each HFA patient was additionally screened for signs of
concomitant ipsilateral hand ischaemia. An outpatient his-
tory and physical examination were performed, including
hand inspection and palpation of the radial and ulnar artery.
When the presence of hand ischaemia was likely, finger
plethysmography was conducted (Vasoguard Nicolet 8 MHz,
Scimet, Bristol, UK). HAIDI was diagnosed when one or
more of the characteristic complaints (coldness, pain,
cramps, loss of sensibility, diminished strength)16,17 were
reported and when the digital brachial index (DBI; ratio
finger pressure to systemic pressure) was < 0.6.17e19 Un-
reliable DBI values from incompressible arteries were
Downloaded for Anonymous User (n/a) at Maastricht University
2021. For personal use only. No other uses without permission
omitted. Hand ischaemia was considered reversible (thus
amendable to treatment) when access compression
increased radial artery pulsations, and DBI values breached
the ischaemic threshold (DBI > 0.6).20 HAIDI was graded by
analogy to the Fontaine classification as proposed in a
recent consensus meeting.21,22

In one hospital (MMC), patients completed a hand
ischaemic questionnaire (HIQ). This questionnaire scores
severity (0, none e 10, extreme) and frequency (0, never e
10, always) of the five cardinal symptoms of hand ischaemia
on a visual analogue scale. Subsequently, frequency and
severity score per item are multiplied after which the five
numbers are added up. Overall HIQ scores range from 0 (no
symptoms associated with hand ischaemia) to 500 (maximal
symptoms). HAIDI patients often score >100 points whereas
HIQ scores are <50 in average HD populations without
ischaemia.23 Additional studies indicated that HIQ scores
reflected the grade of ischaemia and effectiveness of surgical
HAIDI revision.10,24e26 In the present study, mean HIQ scores
per group (HFA vs. HAIDI/HFA) were calculated after the
diagnosis of HAIDI was confirmed or rejected by physical
examination, medical history, and DBI measurements.

Each HFA patient was discussed in a multidisciplinary
meeting with a nephrologist, vascular laboratory technician,
vascular surgeon, radiologist, and access nurses. When
required, a cardiologist was consulted. Once the team
decided on performing RUDI, patients were informed of the
procedure’s specifics and consented verbally and in writing.
The MMCs’ ethics committee deemed that evaluation of
the protocol was unnecessary as the study’s aim was
auditing of surgical results.

Operative protocol

GSV suitability was determined pre-operatively using
Duplex analysis (diameter >3 mm). RUDI was essentially
performed as previously described.14 Patients underwent
surgery in a day care setting under general anaesthesia. The
AVF’s venous portion on the upper arm was dissected close
to the elbow anastomosis. A portion of the radial or ulnar
artery in the proximal forearm was identified through a
separate 5 cm longitudinal incision. A 5e10 cm segment of
the upper leg GSV was harvested. Some 2e4 cm down-
stream from the brachial artery anastomosis, the venous
portion of the AVF was transected. The venous stump on
the brachial artery’s side was ligated using 5/0 Prolene. The
GSV was subsequently tunnelled as an interposition graft
between the radial (or ulnar) artery (end to side, 6/0 or 7/
0 Prolene) and the upper arm access vein (end to end or
end to side, 5/0 Prolene). The distance between the newly
constructed arteriovenous anastomosis and the brachial
artery bifurcation was approximately 4e6 cm.

Data collection, definitions, statistical analysis

Two groups of HFA patients were identified. The HFA group
demonstrated access flows >2 L/min without evidence of
concomitant hand ischaemia. Conversely, the HAIDI/HFA
group showed subjective signs of hand ischaemia with a DBI
<0.6 in the presence of flows >2 L/min.
 from ClinicalKey.com by Elsevier on December 23, 
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Data on demographics, initial AVF type, surgery associ-
ated complications, access flows, and re-interventions were
obtained from local electronic patient files (EZIS 5.2, Chip-
Soft B.V., Amsterdam, The Netherlands; SAP 7.30, SAP SE,
Walldorf, Germany; EPIC Hyperspace 2017, Epic Systems
Corporation, Verona, USA; Diamant, Diasoft B.V., Leusden,
The Netherlands; ProDB, MedVision Ag., Unna, Germany).
This approach may have introduced selection bias as pa-
tients who refused RUDI or who were considered unfit for
surgery because of additional comorbidity were not
studied.

Standard post-operative follow up (FU) was performed at
the dialysis facilities by serial flow measurements (HD03,
Transonic Systems IN, New York, USA) every 4e6 weeks as
indicated by KDOQI.27 Patients were discussed in weekly
multidisciplinary meetings as dictated by possible compli-
cations such as substantial changes in access flows or for
patient complaints. If required, duplex sonography (e.g. for
decreased flow) or angiography (if stenosis was likely) was
performed or the patient was invited to visit the outpatient
vascular department. Essentially, FU in RUDI patients was
identical to standard AVF care.

To estimate potential loss to FU possibly introducing
attrition bias, a follow up index (FUI) was calculated
following recent recommendations.28 A complete FU period
lasted for 3 years. RUDI status was determined at the end of
October 2017. FU was terminated 3 years after RUDI sur-
gery or following secondary patency failure, death, AVF
ligation, or at October 31, 2017. Patients who had moved to
another dialysis facility within the observation period were
contacted and asked for permission to obtain data. Access
flows shown as >4 L/min (maximum of HD03 Transonic
System) were scored as such.

Primary, assisted and secondary patency rateswere defined
as recommended.29 An access was deemed “recurrent HFA”
when two consecutive flow measurements were >2 L/min.
Time to recurrence was defined as number of weeks between
RUDI and the first of two high flow measurements.

Statistical analyses were performed using SPSS version 24.0
(SPSS Inc., Chicago, IL, USA). Parameters were tested for
normality and expressed as mean � standard error of the
mean (SEM). Survival was determined using KaplaneMeier
Table 1. Demographics of patients undergoing revision using distal infl
haemodialysis access induced distal ischaemia (HAIDI/HFA).

Overall
(n ¼ 21

Age (years, mean � SEM) 54 � 3
Gender (male/female) 14/7
Diabetes mellitus (%) 2 (10)
Peripheral arterial occlusive disease (%) 1 (5)
Hypertension (%) 11 (52)
Coronary artery disease (%) 5 (24)
Type of AVF (BC/BB/Gracz) 8/6/7
Time between AVF construction and RUDI
(months, mean � SEM)

44 � 12

HAIDI grade (2a/2b/3/4) N.A.

SEM ¼ standard error or the mean; AVF ¼ arteriovenous fistula; BC
cephalic and basilic vein; N.A. ¼ not applicable.
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analysis and differences were analysed using LogeRank
ManteleCox test. Group differences were determined using
ManneWhitney U test.Wilcoxon LogeRank test was used for
paired comparisons. KruskaleWallis was used for multiple
group comparisons. Using binary logistic regression, possible
predictors of recurrent high flow (recurrence yes/no) were
identified. Proportions were compared using Fisher Exact test
and risk was expressed as odds ratio (OR) [95 CI]. A p
value < .05 was deemed significant.
RESULTS

Each of the three facilities accommodates between 85 and
110 chronic HD patients and performs 100e200 access
related operations annually. During the observation period,
29 RUDI procedures were conducted. Eight patients were
excluded (interposition of PTFE, n ¼ 2 or cephalic vein,
n ¼ 1; radial artery transposition, n ¼ 3; HFA used for total
parenteral nutrition, n ¼ 1; HAIDI with flow < 2 L/min,
n ¼ 1). Prior to RUDI, six patients had undergone unsuc-
cessful revision for HFA or HAIDI (banding, n ¼ 3; side
branch ligation, n ¼ 3).

The study population thus consisted of 21 patients un-
dergoing RUDI using a GSV interposition graft (7 females,
mean age 54 years � 3; Table 1). Nineteen patients had
flows >2 L/min whereas two had flows >1.5 L/min in
presence of venous congestion. All but one were on HD > 3
months, whereas one patient was in pre-dialysis stage. Prior
to RUDI, access flows of BC-AVF (n ¼ 8, 3230 mL/
min � 363), BB-AVF (n ¼ 6, 3130 mL/min � 299) and Gracz-
AVF (n ¼ 7, 2970 mL/min � 215) did not differ (p ¼ .61).

Fourteen patients had access flows >2 L/min without
signs of HAIDI, whereas seven had concomitant hand
ischaemia. Following AVF compression, DBI values of the
HAIDI/HFA group breached the ischaemic threshold in all
(DBIopen .48 � .04 vs. DBIcompressed .96 � .07, p ¼ .028;
n ¼ 6, incompressible arteries n ¼ 1). Furthermore, the HFA
group displayed lower HIQ scores compared with the HAIDI/
HFA group (HIQHFA 27� 14, n¼ 8 vs. HIQHAIDI/HFA 115 � 30,
n ¼ 7, p ¼ .015). Age, gender, comorbidity rates, initial AVF
type or time between initial AVF construction and RUDI
were similar (Table 1).
ow (RUDI) for high flow access (HFA) alone or in combination with

)
HFA
(n ¼ 14)

HAIDI/HFA
(n ¼ 7)

p value

50 � 4 58 � 6 .30
10/4 4/3 .64
1 (7) 1 (17) 1.00
0 (0) 1 (14) .33
7 (50) 4 (57) 1.00
3 (21) 2 (29) 1.00
7/4/3 1/2/4 N.A.
44 � 11 43 � 30 .25

N.A. 4/2/1/0 N.A.

¼ brachiocephalic; BB ¼ brachiobasilic; Gracz ¼ outflow via both

ersity from ClinicalKey.com by Elsevier on December 23, 
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In total, 15 patients (71%) reported complaints possibly
associated with the HFA (e.g. throbbing headaches with
palpitations, exertional dyspnoea, hand ischaemia). Echo-
cardiography was performed in seven of these. Only one
patient with very mild symptoms showed dilated atria and
decreased left ventricular ejection fraction (40%), possibly
related to cardiac overload because of the AVF. Addition-
ally, five showed evidence of left ventricular hypertrophy.

RUDI configurations (artery-vein) were radio-cephalic
(n ¼ 12), radio-basilic (n ¼ 5), ulnar-cephalic (n ¼ 2),
ulnar-basilic (n ¼ 1), and brachial-cephalic (n ¼ 1). Imme-
diately post-operatively, flows were 2 L/min lower
(3120 mL/min � 186 vs. 1170 � 87 mL/min, p < .001). Both
pre- and post-operative flows in the HFA group were higher
than in the HAIDI/HFA group (p < .05; Fig. 1).

Three accesses (14%) occluded in the first post-operative
week. Two were successfully revised using the GSV of the
contralateral leg and by thrombectomy, respectively. The
third was abandoned.Two others developed a haematoma at
the GSV donor site that healed conservatively. Wound infec-
tion or skin necrosis were absent. All patients were able to
resume HD without temporary indwelling lines. One month
after RUDI, one aneurysm of a venous stump was excised.

Overall primary patency rates after 1, 2, and 3 years were
71% � 10, 54% � 11, and 48% � 12, respectively. Rates
differed between the HFA group (93% � 7, 67% � 14, and
55%� 15) and the HAIDI/HFA group (29% � 17 at each time
point, p¼ .042; Fig. 2A). 1, 2, and 3 year assisted patency rates
were 76% � 9, 71% � 10, and 71% � 10, and differed be-
tween groups (HFA 100%, 92% � 8, and 92% � 8 vs. HAIDI/
HFA 29% � 17, 29% � 17, and 29% � 17, p < .001).

Secondary patency rates (overall 95% � 5, 90% � 7, and
84% � 9) were similar (Fig. 2B). During 12 angiograms in
nine patients, 16 percutaneous transluminal angioplasties
Figure 1.Mean access flows prior to revision using distal inflow (RUDI) a
high flow access with concurrent haemodialysis access induced distal i
HFA group: failed RUDI, n ¼ 1; pre-dialysis patient n ¼ 1.
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(PTA) of significant stenotic lesions were performed. Half of
these were found in the GSV interposition conduit without
involvement of either one of the two anastomoses (Fig. 3).
Furthermore, three patients underwent seven thrombec-
tomies. In two of these, the GSV was replaced by PTFE
interposition during follow up. Patients in the HFA group
had similar risks of undergoing PTA (HFA 5/14 vs. HAIDI/
HFA 4/7; OR .42 [.07e2.66], p ¼ .397) or thrombectomy
(HFA 1/14 vs. HAIDI/HFA 2/7 OR .19 [.01e2.62], p ¼ .247)
compared with the HAIDI/HFA group.

Recurrence free survival over 3 years (overall 70% � 10,
58% � 12, and 51% � 12) differed among both groups. The
HFA group showed rates of 56% � 14, 40% � 14, and
32% � 13 while no patient in the HAIDI/HFA group devel-
oped recurrent high flow (p ¼ .018; Fig. 2C). After 28 � 2
months of FU, flows were 1400 mL/min lower compared
with pre-operative values (p < .001) but > 500 mL/min
higher than immediately post-operatively (p ¼ .021;
Fig. 2D). Seven of nine patients with a recurrence were
asymptomatic, whereas the eighth patient developed se-
vere cardiac failure following myocardial infarction. This
patient chose to cease HD. The ninth patient with initial
flows >4 L/min, high post-operative flow, and an early
recurrence suffered from cardiac failure. His AVF was
ligated but cardiac complaints did not diminish. Gender,
initial AVF type, and comorbidities did not influence
patency or recurrence of high flow (data not shown).

Patients with a recurrence demonstrated higher imme-
diate post-operative access flows (1390 mL/min � 114 vs.
980 mL/min � 95, p ¼ .016) and were 12 years younger
than the non-recurrence group (46 � 3 years vs.58 � 5
years, p ¼ .055). Following correction for age (OR .951
[.878e1.030], p ¼ .220), post-operative flow (OR 1.004
[1.000e1.007], p ¼ .044) predicted onset of recurrence
nd within 1 week after RUDI for high flow access (HFA, n ¼ 14) and
schaemia (HAIDI/HFA, n ¼ 7). Missing post-operative flows HAIDI/

 from ClinicalKey.com by Elsevier on December 23, 
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Figure 2. KaplaneMeier analysis of patency and recurrence rates and flow development over time in 21 dialysis patients that underwent
revision using distal inflow (RUDI) for high flow access (HFA) with or without haemodialysis access induced distal ischaemia (HAIDI/HFA).
(A) Primary patency. (B) Secondary patency. (C) Recurrence free survival. (D) Mean access flow prior to RUDI, within 1 week after RUDI and
at the end of follow up of secondary patency 28 months � 2 after the procedure.
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(R2 ¼ .48) in a binary regression model (recurrence yes/no).
Six of seven HAIDI/HFA patients reported total recovery of
hand ischaemia after the procedure.

Complete data search meant that loss to follow up was
avoided. Of the 12 patients with a FU shorter than 3 years,
two had died with patent accesses, RUDIs failed in three
additional patients, whereas three others underwent liga-
tion after successful renal transplantation. The final four
patients underwent RUDI after October 2014, thus FU was
terminated at October 31, 2017. Therefore, a FUI of 1.0 was
attained with a mean FU of 28 � 2 months.

DISCUSSION

The number of haemodialysis (HD) patients with an autol-
ogous arteriovenous fistula (AVF) developing a high flow
access (HFA, >2 L/min) are expected to rise because of a
contemporary shift favouring upper arm over wrist AVFs.2

Flow reduction is advised as the systemic effects of HFA
induced cardiovascular overload may occasionally be detri-
mental. Banding, a previously recommended flow reducing
technique, is beneficial in the short term but high flow often
Downloaded for Anonymous User (n/a) at Maastricht Univ
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recurs.12 Most patients undergoing revision using distal
inflow (RUDI) were still free of high flow after 1 year,15 but
the efficacy of this technique is unknown beyond this time
period. The aims of the present study were to investigate
long-term rates of access patency and high flow recurrence
after RUDI. To the authors’ knowledge, it is the first to report
on these rates in a homogenous group of HD patients with
an upper arm HFA undergoing RUDI using only the greater
saphenous vein (GSV) as the interposition conduit.

There is increasing evidence suggesting that RUDI offers
optimal patency rates in treating both hand ischaemia and
HFA. For instance, one study demonstrated 78% 3 year
patency rates in patients with hand ischaemia.30 A second
study found 87% 1 year secondary patency rates in 29 pa-
tients with hand ischaemia or HFA.13 A third study using
PTFE interposition grafts reported 77% secondary patency
rates after 16 months.5 Conversely, one study in seven
patients with hand ischaemia showed failure rates well
above 40% within 8 months.31 The present results indicate
that the overall mid-long term (3 year) access patency of
RUDI for HFA using GSV is fairly good and well over 80%.
ersity from ClinicalKey.com by Elsevier on December 23, 
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Figure 3. Schematic view of location of dilated stenosis sites, as
seen during percutaneous transluminal angiography of arteriove-
nous fistulas (AVFs) after revision using distal inflow with greater
saphenous vein (GSV) interposition.
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However, as in all HD patients with an AVF, RUDI patients
require ongoing close flow surveillance as only half
remained free of (endovascular) interventions.

It is unclear whether the venous conduits used for RUDI are
at risk of developing stenoses. One study in maturing radio-
cephalic AVFs indicated that most stenoses occur in the
anastomotic area.32 In brachiocephalic AVFs, only 4% of ste-
noses occurred at the anastomosis itself while almost one
quarter developed in the portion of the cephalic vein directly
adjacent to the anastomosis.33 In the present study, over 40%
of the patients developed a stenosis. Moreover, half of these
stenoses developed in a portion of the GSV away from both
anastomoses. Furthermore, almost 40% occurred in the up-
per arm venous outflow tract including its anastomosis.
Conversely, the arterial anastomosis was seldom affected. If
flow reduction occurs following RUDI, duplex analysis should
especially focus on the GSV interposition graft.

One may question whether performing RUDI for asymp-
tomatic high flows (>2 L/min) without routinely examining
cardiac function is indicated. However, ejection fractions
may be preserved even in the presence of extremely high
flows (>10 L/min).34 Additionally, several studies have
shown that flows > 2 L/min or a “flow to cardiac output
ratio” > 0.3 are important predictors for the development
of high output cardiac failure6,35 and that flows > 2 L/min
might confer serious haemodynamic consequences.36 As a
proportion of the patients did report symptoms that were
probably related to systemic overload, it is felt that a quite
aggressive attitude towards high flows was indicated.

HD populations tend to have higher death rates compared
with groups on peritoneal dialysis.37 Furthermore, myocardial
Downloaded for Anonymous User (n/a) at Maastricht University
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perfusion is chronically reduced in HD groups.38 Moreover,
left ventricular hypertrophy was attenuated after AVF ligation
in patients who successfully underwent renal trans-
plantation.39,40 During the study period, one patient with
recurrent HFA suffered a myocardial infarction and heart
failure leading to death after HD cessation. This sequence of
events can be regarded as circumstantial evidence of the
importance of durable flow reduction. Conversely, AVF liga-
tion after transplantation in another patient with recurrent
HFA and signs of heart failure did not alleviate symptoms of
dyspnoea and orthopnoea. One might speculate that the
heart failure did not exist solely because of the HFA. Alter-
natively, cardiac reserves may have been exhausted already
because of very high flows prior to RUDI, a relative high post-
operative access flow and early recurrence. Interestingly,
none of the other seven patients with recurrent HFA devel-
oped cardiac overload. As the mean age of the recurrence
group was relatively low, it is likely that it takes time before a
HFA exhausts cardiac reserves.

A limited number of techniques are promoted for flow
reduction of HFAs. Banding is suggested as a minimally inva-
sive treatment option for high output heart failure occurring in
the presence of high flow.10 Unfortunately, half of the banded
patients demonstrated recurrent high flow after 1 year.12 The
present 1 year results demonstrate a two third recurrence free
survival indicating that RUDI does perform better at this time
point, although direct comparisons are absent. However, one
recurrence for every two RUDIs after 3 years is disappointing.
Immediate high post-operative flow and young age, factors
also identified in a previous study, predicted recurrence.12 It
may be concluded that the optimal flow reducing technique
resulting in durable stable access flows is yet to be discovered.

Several limitations should be addressed. The study is
relatively small and retrospective. Furthermore, the generally
accepted 0.6 DBI ischaemic threshold was challenged in a
recent consensus meeting proposing a threshold of 0.4.22

Patients who refused surgery or who were considered unfit
may have introduced selection bias, possibly leading to under
or overestimation of outcome measures. Moreover, the up-
per measurement limit of the access flow equipment is 4 L/
min, precluding accurate determination in some patients
possibly having higher access flows. Finally, potential loss to
follow up may introduce attrition bias, distorting results.28

However, a follow up index of 1.0 was attained in this
retrospective study minimizing the risk on this type of bias.

In conclusion, the RUDI technique using a portion of GSV
offers favourable long-term patency in HD patients with a
brachial artery based AVF with high flow but meticulous
follow up and maintenance are required. High immediate
post-operative access flows and young age are associated
with recurrent high flow.
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https://doi.org/10.1016/j.ejvs.2018.03.014.
REFERENCES

1 Scheltinga M, van Hoek F. Banding for high flow hemodialysis
access. J Tordoir: Vasc access Turino Edizione Minerva Med
2009:141e50.

2 Tordoir JH, Bode AS, van Loon MM. Preferred strategy for
hemodialysis access creation in elderly patients. Eur J Vasc
Endovasc Surg 2015;49:738e43.

3 Stern AB, Klemmer PJ. High-output heart failure secondary to
arteriovenous fistula. Hemodial Int 2011;15:104e7.

4 Wasse H, Singapuri MS. High-output heart failure: how to
define it, when to treat it, and how to treat it. Semin Nephrol
2012;32:551e7.

5 Chemla ES, Morsy M, Anderson L, Whitemore A. Inflow
reduction by distalization of anastomosis treats efficiently high-
inflow high-cardiac output vascular access for hemodialysis.
Semin Dial 2007;20:68e72.

6 Basile C, Lomonte C, Vernaglione L, Casucci F, Antonelli M,
Losurdo N. The relationship between the flow of arteriovenous
fistula and cardiac output in haemodialysis patients. Nephrol
Dial Transpl 2008;23:282e7.

7 Balamuthusamy S, Jalandhara N, Subramanian A,
Mohanaselvan A. Flow reduction in high-flow arteriovenous
fistulas improve cardiovascular parameters and decreases need
for hospitalization. Hemodial Int 2016;20:362e8.

8 Schier T, Gobel G, Bosmuller C, Gruber I, Tiefenthaler M. Inci-
dence of arteriovenous fistula closure due to high-output
cardiac failure in kidney-transplanted patients. Clin Transpl
2013;27:858e65.

9 Bourquelot P, Gaudric J, Turmel-Rodrigues L, Franco G, Van
Laere O, Raynaud A. Proximal radial artery ligation (PRAL) for
reduction of flow in autogenous radial cephalic accesses for
haemodialysis. Eur J Vasc Endovasc Surg 2010;40:94e9.

10 Van Hoek F, Scheltinga M, Luirink M, Pasmans H,
Beerenhout C. Banding of hemodialysis access to treat hand
ischemia or cardiac overload. Semin Dial 2009;22:204e8.

11 Teixeira G, Almeida P, Sousa CN, Teles P, De Sousa P, Loureiro L,
et al. Arteriovenous access banding revisited. J Vasc Access
2017;18:225e31.

12 Vaes RH, Wouda R, van Loon M, van Hoek F, Tordoir JH,
Scheltinga MR. Effectiveness of surgical banding for high flow
in brachial artery-based hemodialysis vascular access. J Vasc
Surg 2015;61:762e6.

13 LohTM,BennettME,PedenEK.Revisionusingdistal inflow is a safe
and effective treatment for ischemic steal syndrome and patho-
logic high flow after access creation. J Vasc Surg 2016;63:441e4.

14 Minion DJ, Moore E, Endean E. Revision using distal inflow: a
novel approach to dialysis-associated steal syndrome. Ann Vasc
Surg 2005;19:625e8.

15 Vaes RH, van Loon M, Vaes SM, Cuypers P, Tordoir JH,
Scheltinga MR. One-year efficacy of the RUDI technique for flow
reduction in high-flow autologous brachial artery-based hemo-
dialysis vascular access. J Vasc Access 2015;16(suppl. 9):S96e101.

16 Wixon CL, Hughes JD, Mills JL. Understanding strategies for the
treatment of ischemic steal syndrome after hemodialysis ac-
cess. J Am Coll Surg 2000;191:301e10.

17 Van Hoek F, Scheltinga MR, Kouwenberg I, Moret KE,
Beerenhout CH, Tordoir JH. Steal in hemodialysis patients
Downloaded for Anonymous User (n/a) at Maastricht Univ
2021. For personal use only. No other uses without permi
depends on type of vascular access. Eur J Vasc Endovasc Surg
2006;32:710e7.

18 Papasavas PK, Reifsnyder T, Birdas TJ, Caushaj PF, Leers S. Predic-
tion of arteriovenous access steal syndrome utilizing digital pres-
sure measurements. Vasc Endovascular Surg 2003;37:179e84.

19 Goff CD, Sato DT, Bloch PH, DeMasi RJ, Gregory RT, Gayle RG,
et al. Steal syndrome complicating hemodialysis access pro-
cedures: can it be predicted? Ann Vasc Surg 2000;14:138e44.

20 Scheltinga MR, Bruijninckx CM. Haemodialysis access-induced
distal ischaemia (HAIDI) is caused by loco-regional hypotension
but not by steal. Eur J Vasc Endovasc Surg 2012;43:218e23.

21 Scheltinga MR, van Hoek F, Bruijninckx CM. Time of onset in
haemodialysis access-induced distal ischaemia (HAIDI) is related
to the access type. Nephrol Dial Transpl 2009;24:3198e204.

22 Inston N, Schanzer H, Widmer M, Deane C, Wilkins J,
Davidson I, et al. Arteriovenous access ischemic steal (AVAIS) in
haemodialysis: a consensus from the Charing Cross Vascular
Access Masterclass 2016. J Vasc Access 2017;18:3e12.

23 Van Hoek F, Scheltinga MR, Houterman S, Beerenhout CH.
Haemodialysis decreases finger pressures independent of arti-
ficial kidney blood flow. Nephrology (Carlton) 2010;15:555e9.

24 Vaes RH, Scheltinga MR. Side branch ligation for
haemodialysis-access-induced distal ischaemia. Eur J Vasc
Endovasc Surg 2012;44:452e6.

25 Vaes RH,Wouda R,Teijink JA, ScheltingaMR.Venous side branch
ligation as a first step treatment for haemodialysis access
induced hand ischaemia: effects on Access Flow Volume and
Digital Perfusion. Eur J Vasc Endovasc Surg 2015;50:810e4.

26 Vaes RHD, Scheltinga MR. Resolution of severe haemodialysis
access-induced distal ischaemia using a femoro-axillary bypass
graft. EJVES Extra 2011;22:e61e3.

27 National Kidney Foundation KDWG. KDOQI clinical practice
guidelines and clinical practice recommendations for 2006 up-
dates: hemodialysis adequacy, peritoneal dialysis adequacy and
vascular access. Am J Kidney Dis 2006;48(suppl. 1):S1e322.

28 Von Allmen RS, Weiss S, Tevaearai HT, Kuemmerli C, Tinner C,
Carrel TP, et al. Completeness of follow-up determines validity
of study findings: results of a prospective repeated measures
cohort study. PLoS One 2015;10. e0140817.

29 Sidawy AN, Gray R, Besarab A, Henry M, Ascher E, Silva M,
et al. Recommended standards for reports dealing with arte-
riovenous hemodialysis accesses. J Vasc Surg 2002;35:603e10.

30 Misskey J, Yang C, MacDonald S, Baxter K, Hsiang Y.
A comparison of revision using distal inflow and distal
revascularization-interval ligation for the management of severe
access-related hand ischemia. J Vasc Surg 2016;63:1574e81.

31 Callaghan CJ, Mallik M, Sivaprakasam R, Iype S, Pettigrew GJ.
Treatment of dialysis access-associated steal syndrome with
the “revision using distal inflow” technique. J Vasc Access
2011;12:52e6.

32 Turmel-Rodrigues L, Mouton A, Birmele B, Billaux L, Ammar N,
Grezard O, et al. Salvage of immature forearm fistulas for
haemodialysis by interventional radiology. Nephrol Dial Transpl
2001;16:2365e71.

33 Rajan DK, Bunston S, Misra S, Pinto R, Lok CE. Dysfunctional
autogenous hemodialysis fistulas: outcomes after angioplastye
are there clinical predictors of patency? Radiology 2004;232:
508e15.

34 Parmar CD, Chieng G, Abraham KA, Kumar S, Torella F. Revision
using distal inflow for treatment of heart failure secondary to
arteriovenousfistula for hemodialysis. J VascAccess2009;10:62e3.

35 Wijnen E, Keuter XH, Planken NR, van der Sande FM, Tordoir JH,
Leunissen KM, et al. The relation between vascular access flow
ersity from ClinicalKey.com by Elsevier on December 23, 
ssion. Copyright ©2021. Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.ejvs.2018.03.014
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref1
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref1
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref1
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref1
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref2
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref2
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref2
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref2
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref3
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref3
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref3
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref4
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref4
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref4
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref4
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref5
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref5
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref5
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref5
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref5
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref6
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref6
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref6
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref6
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref6
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref7
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref7
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref7
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref7
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref7
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref8
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref8
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref8
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref8
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref8
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref9
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref9
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref9
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref9
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref9
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref10
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref10
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref10
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref10
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref11
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref11
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref11
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref11
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref12
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref12
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref12
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref12
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref12
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref13
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref13
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref13
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref13
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref14
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref14
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref14
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref14
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref15
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref15
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref15
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref15
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref15
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref16
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref16
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref16
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref16
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref17
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref17
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref17
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref17
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref17
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref18
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref18
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref18
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref18
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref19
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref19
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref19
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref19
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref20
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref20
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref20
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref20
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref21
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref21
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref21
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref21
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref22
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref22
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref22
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref22
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref22
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref23
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref23
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref23
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref23
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref24
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref24
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref24
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref24
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref25
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref25
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref25
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref25
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref25
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref26
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref26
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref26
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref26
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref27
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref27
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref27
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref27
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref27
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref28
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref28
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref28
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref28
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref29
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref29
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref29
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref29
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref30
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref30
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref30
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref30
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref30
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref31
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref31
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref31
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref31
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref31
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref32
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref32
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref32
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref32
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref32
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref33
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref33
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref33
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref33
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref33
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref34
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref34
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref34
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref34
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref35
http://refhub.elsevier.com/S1078-5884(18)30154-0/sref35


RUDI Technique for High Flow AVF 881
and different types of vascular access with systemic hemody-
namics in hemodialysis patients. Artif Organs 2005;29:960e4.

36 Vaes RH, Tordoir JH, Scheltinga MR. Systemic effects of a high-
flow arteriovenous fistula for hemodialysis. J Vasc Access
2014;15:163e8.

37 Trespalacios FC, Taylor AJ, Agodoa LY, Bakris GL, Abbott KC.
Heart failure as a cause for hospitalization in chronic dialysis
patients. Am J Kidney Dis 2003;41:1267e77.

38 Dasselaar JJ, Slart RH, Knip M, Pruim J, Tio RA,
McIntyre CW, et al. Haemodialysis is associated with a
* Corresponding author. Department of Vascular Surgery, West China Hospita
E-mail address: liuyonghhz@163.com (Ding Yuan).
1078-5884/� 2018 European Society for Vascular Surgery. Published by Else
https://doi.org/10.1016/j.ejvs.2018.03.024

Downloaded for Anonymous User (n/a) at Maastricht University
2021. For personal use only. No other uses without permission
pronounced fall in myocardial perfusion. Nephrol Dial
Transpl 2009;24:604e10.

39 Van Duijnhoven EC, Cheriex EC, Tordoir JH, Kooman JP, van
Hooff JP. Effect of closure of the arteriovenous fistula on left
ventricular dimensions in renal transplant patients. Nephrol
Dial Transpl 2001;16:368e72.

40 Unger P, Velez-Roa S, Wissing KM, Hoang AD, van de Borne P.
Regression of left ventricular hypertrophy after arteriovenous
fistula closure in renal transplant recipients: a long-term
follow-up. Am J Transpl 2004;4:2038e44.
Eur J Vasc Endovasc Surg (2018) 55, 881

COUP D’OEIL

Pseudoaneurysm of the Axillary Artery
Zhoupeng Wu, Ding Yuan *

Department of Vascular Surgery, West China Hospital, Chengdu, Sichuan Province, China
A 12 year old boy sustained a shoulder injury resulting in a left shoulder fracture dislocation. One year later, surgical
exploration of the shoulder joint was performed to remove osteophytes. Soon after, a pulsatile mass developed at the left
axilla. Computed tomography angiography (red arrow, panel A) and colour duplex sonography (panel B) demonstrated a
7 � 6 cm pseudoaneurysm of the axillary artery. The patient underwent great saphenous vein reconstruction of the
damaged arterial segment. The patient is monitored with duplex ultrasound annually, and thus far blood flow and nerve
function of the left upper extremity remain normal.
l, 37 GuoXue Alley, Chengdu 610041, Sichuan Province, China.
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