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Ultrasound in vascular access

Ultrasound evaluation of dialysis
access-related distal ischaemia
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Abstract
Dialysis access-related distal ischaemia is a rare yet potentially rather risky complication of haemodialysis angioaccess.
Timely diagnosis is crucial to target both the goals of the access team: first of all to preserve the function of the hand ideally
along with angioaccess patency. Unfortunately for some patients, urgent access ligation and central vein catheter insertion
would be needed to save the hand. After a first clinical examination to determine the diagnostic suspicion, the ultrasound
evaluation would provide nearly all the needed information to confirm the diagnosis and to determine the most
appropriate procedure to rescue the patient from distal ischaemia. In some cases, photoplethysmography would help in
the differential diagnosis of other non-ischaemic causes of similar signs and symptoms. Angiography would complete the
preoperative evaluation for some.

Dialysis access-related distal ischaemia would be briefly reviewed, and a deep description of the ultrasound exam-
ination tools and findings would be provided for a tailored therapeutic approach.
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AVAIS) generally refers to the ‘arterial hypoxic’ distal
ischaemia syndrome variant.*

Main text
Definition

Dialysis access-related distal ischaemia is a serious but
infrequent complication of arterio-venous (AV) access for
haemodialysis (HD). It is known as haemodialysis access-
induced distal ischaemia (HAIDI), distal hypoperfusion
ischaemic syndrome (DHIS), and arterio venous access
ischaemic steal (AVAIS).'?

For simplicity, we would adopt the term HAIDI. In
short, it consists of a reduced tissue oxygen delivery to the
extremity of the arm where a VA exists because of a

Incidence

The HAIDI syndrome occurs in about 1%—8% of the
patients undergoing AV fistula (AVF) and AV graft (AVG)
creation.>
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reduced capillary perfusion as a consequence of a low
inflow pressure or high outflow resistance.’

These two aetiologies would configure two variants
of hand ischaemia: an ‘arterial hypoxic’ and a ‘venous
stagnant’ syndrome depending on the aetiology as
described. In both cases, function and vitality of the
tissues involved (nerves, muscles and skin) would be
variably impaired. HAIDI (as well as DHIS and
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Along with the number of incident end stage renal dis-
ease (ESRD) patients, comorbidities also increased in the
last decades; as a consequence, more complications have to
be managed by the VA team; among those is HAIDI, for
which treatment has become more challenging.’

Risk factors

Risk factors described for the development of the HAIDI
syndrome are the female gender, diabetes mellitus, age
greater than 60 years, previous surgery on the same limb
and the use of proximal vessels for the creation of the AVF,
like in brachiocephalic fistula.>**'! Moreover, uremia
itself causes the progression of atherosclerosis and the
development of medial calcinosis that affect mostly the
peripheral arteries.'?

Medial artery calcinosis as well as diabetic micro-
angiopathy would both interfere with arteriolar dilatation
in response to tissue hypoxia caused by a competing prox-
imal AV shunt along the inflow axis.

In the rare variant ‘venous stagnant’ HAIDI syndrome, a
latero-lateral AV anastomosis or an outflow venous steno-
sis is the cause of hypertension on the venule segment
impairing flow and thus causing a ‘stagnant’ hypoxia.>*

Clinical presentation

The HAIDI syndrome can be divided into an acute and
chronic form. The acute classic hypoxic form presents
immediately after surgery with a cold white or painful
bluish finger. It generally requires urgent intervention,
mostly because of the risk of being exposed to monomelic
ischaemia. If the symptoms, especially severe pain, persist,
angioaccess ligation is mandatory.'?

The chronic hypoxic form would present later after
access creation with a variable degree of signs and symp-
toms defining four HAIDI stages as shown in Table 1.*

Grade 1 to 2a generally do not deserve open or endo-
vascular surgery; often, grade 4b necessitates urgent
angioaccess ligation.

Patients who complain of symptoms only during the HD
treatment may not require surgical intervention but rather
blood pressure (BP) medication modification or dry weight
adjustment (to avoid excessive blood volume depletion).
The aetiology of this form of steal syndrome is likely
related to BP drop during the HD session. Tailoring the
therapy may improve the symptoms.'

Acute and chronic ‘venous stagnant’ HAIDI would
present with similar functional symptoms associated with
the picture of venous congestion.*'”

Differential diagnosis is needed to exclude other condi-
tions such as miming HAIDI because of confounding sim-
ilar signs and symptoms, such as those shown in Table 2.

Table I. Haemodialysis access-induced distal ischaemia (HAIDI)
classification.

Grade |  No clear symptoms, but discrete signs of mild
ischaemia may be observed
Grade 2a Complaints during a HD session or intense use

of the hand: tolerable pain cramps, paraesthesia,
numbness, or disturbing coldness in the finger
or hand

Grade 2b Complaints during a HD session or use of the hand.
Intolerable pain, cramps, paraesthesia, numbness,
or disturbing coldness in the finger or hand

Grade 3 Rest pain or motor dysfunction of fingers or hand,
upper limb relevant only

Grade 4° Limited tissue loss (ulceration, necrosis). Clinically
significant hand function (upper limb) is probably
maintained if ischaemia is reversed

Grade 4b Irreversible tissue loss of the hand (upper limb);

impossible to preserve clinically significant hand
function. Requires amputation

HD: haemodialysis.

Pathophysiology

A pseudo-physiologic blood flow diversion (the so called
‘steal”) develops after every successful AV shunt creation
by a lateral arteriotomy at the forearm. As an example, a
retrograde flow is normally observed in the distal radial
artery, following a latero-terminal radio-cephalic
fistula,'416-17

No ischaemia is therefore observed if the distal periph-
eral vascular bed successfully adapts to the reduced blood
flow by small collateral arteries and arteriole dilatation.

Proximal arterial inflow reduction, excess of steal from
the AV shunt (wide anastomosis), impaired dilatation of
distal arteries, collaterals and arterioles or the variable
combination of those are the causes of arterial hypoxic
HAIDI, as shown in Table 3.8

Usually, symptomatic steal tends to be uncommon in
distal AVF compared with more proximal accesses when
the brachial artery is used as inflow. In this case, the HAIDI
syndrome incidence rises up to 5%—8% of cases per new
AVF surgery.11

Of course, all atherosclerotic risk factors increase the
risk of HAIDI development.

Venous hypertension can be caused by a lateral anasto-
mosis on the vein or the existence of an outflow stenosis.
As a consequence, capillary flow is significantly impaired,
causing the venous stagnant HAIDI syndrome, which is
rarer than the hypoxic variant.*

Diagnosis

Due to the complexity of the factors involved in the devel-
opment of the ischaemic syndrome, each case needs par-
ticular attention to find the best therapeutic approach.'
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Table 2. Differential diagnosis of HAIDI.

Miming HAIDI Clinical features

Diagnostic tool for differential diagnosis

Carpal tunnel

Numbness, tingling, burning, and pain (primarily in

Electrophysiological tests, ultrasonography
Electrophysiological tests, blood tests, nerve biopsy

Digital subtraction central venography, computerised
tomography angiography

Electrophysiological tests (acute onset of dysfunction
involving multiple nerves of the upper extremity after
the creation of an AV fistula)

syndrome the thumb and index, middle, and ring fingers)

Peripheral Sharp, jabbing, throbbing or burning pain, hyperesthesia
neuropathy

Central vein Edema of both the upper extremities, face and neck,
occlusion tenderness, pain and associated erythema which can
syndrome mimic cellulitis

Monomelic Unilateral severe pain and paraesthesia, handgrip
ischaemia strength deficit

Ungual Subungual hyperkeratosis and onycholysis, which

onychomycosis

Dermoscopy, histologic examination of the nail

is usually yellow-white in colour; as the disease

progresses, paraesthesia, pain, discomfort, and loss

of dexterity

HAIDI: haemodialysis access-induced distal ischaemia; AV: arterio-venous.

Table 3. Pathophysiology of HAIDI.

Pathophysiology Aetiology

Proximal arterial inflow reduction Atherosclerotic lesion
upstream to the
anastomosis

Wide or proximal
anastomosis, multiple
angioaccess

Impaired patency of distal arteries Atherosclerotic lesion after
(radial, ulnar, interosseous) the anastomosis, previous
angioaccess

Medial calcinosis, diabetic
microangiopathy, uremia

Lateral anastomosis on the
vein, outflow stenosis

Excess of steal from the shunt

Impaired dilatation of the distal
arteries and arterioles

Venous hypertension (*“stagnant
HAIDI” variant)

HAIDI: haemodialysis access induced distal ischaemia.

All patients with ischaemic symptoms should
undergo a physical examination to first confirm clini-
cally the suspicion of the HAIDI syndrome. In case of a
doubt, the direct measurement of finger arterial pressure
by photoplethysmography would be helpful to distin-
guish the hypoperfusion syndrome from other entity
mimicking ischaemia by similar signs and symptoms,
as shown in Table 2.'2°*2 Besides complex dedicated
devices, plethysmography of the finger oxymetry probe
can also be used.

After the confirmation of the diagnosis, a thorough
ultrasound examination would provide nearly all the nec-
essary anatomic and haemodynamic information needed
for the best management of the ischaemic complica-
tion, 2>

An angiography could be necessary later to complete
the preoperative evaluation in some cases,'* especially
when the percutaneous therapy of the arteries is expected
after ultrasound examination.

A therapeutic algorithm has been proposed by Bourque-
lot based on the HAIDI grade and angioaccess blood flow,*
as shown in Figure 1.

Ultrasound examination: diagnosis and indications
for treatment

The minimum equipment required for a complete evalua-
tion for the HAIDI syndrome is a standard linear probe, 7.5
up to 20 MHz for a superficial B-mode and colour-Doppler
exploration.

The examination should be performed in a warm envi-
ronment to prevent influence of room temperature on
spasms. The patient may be evaluated in a seated or
reclined position, taking care not to place the arm in a
forced or uncomfortable position. The entire arm should
be exposed and accessible for ultrasound evaluation from
the axilla to the fingers. In some cases, supraclavicular
fossa could be also investigated. Time from the last dialysis
should be conveyed to the examining physician who will
then be aware of the blood volumes of the patients at the
time of duplex examination. A compressive dress should
be removed from the arm to be evaluated; therefore, the
time delay since the previous HD is ideally >24 hours to
prevent bleeding and flow volume decrease due to exces-
sive ultrafiltration. When an urgent diagnosis is needed, a
sterile transparent dressing could be applied.*

First of all, the diagnosis of ischaemia should be con-
firmed by reduced or absent perfusion of digital artery
finding. The relief of the symptoms, and the restoration
of a normal distal flow, after manual occlusion of the ana-
stomosis is a sign that confirm the diagnosis of HAIDI.
Such small arteries could be challenging to explore with
a conventional ultrasound machine, and a continuous wave
Doppler pencil may be useful, effective and time-sparing
(Figure 2). A dynamic manoeuvre could be performed to
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Grades 1-2a

Grades 2b-3-4a

Grades4b

Conservative trt. ‘

‘ Duplex/Angiography

‘ Access ligation

PTA/Surgery

YES ‘ _ Proximal artery stenosis?

em—— No

Access flow

r——

*<400: Access ligation
**:<500: PAI

*: Distal Access, **: Proximal Access.

400 to 600 *: DRAL
500 to 800**: DRIL

>600*: PRAL '
>800**: RUDI

Modified from Bourgquelot P with permission.

Figure |I. HAIDI treatment algorithm.

Figure 2. Digital artery flowmetry by a continuous wave Doppler
pencil.

assess increase of digital perfusion after anastomosis man-
ual occlusion (Figure 3).

Having confirmed the diagnosis of HAIDI, the first step
is to estimate the blood flow in order to determine a low,
normal, or high flow angioaccess.*

The measurement of AVF blood flow should be
obtained in a straight segment with laminar flow, at least
5 cm away from aneurysms, stenotic lesions and the ana-
stomosis sites. The brachial artery is therefore the preferred
site to perform this measure for both AVF and AVG.?’

In case of high bifurcation of the brachial artery, the best
way is to measure the flow proximally to the bifurcation. If
the bifurcation is too high, then the flow volume could be
measured in both arteries and summarised. The use of
abundant ultrasound gel allows a minimum pressure to
be applied on the artery and avoids defective flow

Figure 3. Distal blood flow modification after arterio-venous
fistula manual compression.

Figure 4. Blood flow distal to the anastomosis: antegrade
in systole, retrograde in the diastole pattern.
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Table 4. Angioaccess flow category.

Site anastomosis  Low flow Normal flow High flow

<400 mL/min 400-600 mL/min >600 mL/min
<500 mL/min 500-800 mL/min >800 mL/min

Distal
Proximal

calculation. The Doppler spectral curve is used for volume
flow calculation. When done properly, the ultrasound
determination of fistula’s flow correlates well (less than
10% variation) with the thermo-dilution technique.”® The
calculation of flow volume is based on the equation
Q = m.r* x TAVM, where r is the vessel radius and
TAVM = time-averaged velocity integral of the mean
velocity of the parabolic profile layers. The most critical
factor is the determination of the vessel radius.**~*’ Normal
blood flow in the brachial artery (healthy subject without
AVF) ranges between 30 and 120 mL/min. After the AVF
creation, the flow can increase by more than 10-fold and
the diameter of the inflow artery and the outflow vein may
increase 2—4 times.?’

Table 4 summarises low, normal and high flow for distal
and proximal access to HAIDI complication.

The definition of access flow is crucial to determine the
type of intervention needed to rescue patients from ischae-
mia, trying to preserve patency of the access (Figure 1).*

The second step is to define the type and location of the
anastomosis and blood flow in the artery distally to the
anastomosis (Figure 4). All type of flow can be observed:
antegrade, retrograde, antegrade in systole and retrograde
in diastole. Generally in distal access, complete retrograde
flow is observed in the feeding artery distal to the anasto-
mosis (most of time asymptomatic); when it is associated
with HAIDI, the treatment suggested is to interrupt steal by
distal radial artery ligation (DRAL).'®'7° A dynamic
manoeuvre could be performed to preoperatively assess the
efficacy of the procedure: digital flow is measured before
and after manual compression of distal radial artery to
verify the increase of flow after simulation of DRAL.*!

In proximal access complicated by HAIDI, low blood
flow is generally associated with antegrade or bidirectional
flow in the artery distal to anastomosis, while bidirectional
or retrograde flow is most frequently observed in high flow
access.

In the first case, the major cause of ischaemia is insuffi-
cient distal perfusion because of either a proximal inflow
stenosis or a distal arteriopathy. Subclavian, axillary and
brachial artery should therefore be examined to find an
atherosclerotic stenosis. An angiography could both com-
plete the inflow evaluation up to the aortic trunk and fix by
angioplasty the impaired inflow treating low flow and
ischaemia at the same time.>* Some similar information
could be provided alternatively by computerised tomogra-
phy angiography together with the visualisation of the sur-
rounding structures (thus on eventual thoracic outlet

syndrome), yet missing the dynamic and therapeutic tools
of angiography.

Distal forearm arteries should then be evaluated if a
proximal inflow impairment has been ruled out. Long or
segmental stenosis of radial and ulnar artery are not
uncommon in HD patients, especially if they are affected
by diabetes or when they are haemodialyzed for a long
time. Although short arterial stenoses could be easily
treated by endovascular intervention, results of this proce-
dure in long stenoses due to medial calcinosis are rather
disappointing.®> The best treatment of the low to normal
flow HAIDI is the distal revascularization interval ligation
(DRIL) procedure.?

Patients with a proximal access with high flow HAIDI
mainly suffer from an excessive AV shunt (generally
because of a large anastomosis), with the distal vessel not
showing any significant stenosis. In these cases, angioac-
cess flow reduction is the treatment of choice by means of
revision using distal inlow***3 (RUDI) procedures or
banding. Banding solution, however, suffers from scarce
reproducibility, given the erratic result available up to now,
and depends highly on the surgeons experience.>®

Distal access with high flow HAIDI generally does not
show at ultrasound any arterial lesion, or proximal or distal.
Whenever the ulnar artery would be found stenosed or
occluded, endovascular treatment would be quite effective,
yet keeping unmodified the high flow of the radiocephalic
fistula.’” After having excluded distal artery stenosis, flow
reduction through proximal radial artery ligation (PRAL)
or, with the limits of reproducibility, banding is the indi-
cated treatment option.*®®

In summary, by ultrasound evaluation, we could 1) con-
firm diagnosis of HAIDI, 2) establish the HAIDI flow
category (= aetiology); 3) find out the existence of an
arterial stenosis up- or downstream to the anastomosis in
order to determine the right treatment option based on the
anatomical and haemodynamic information on the
angioaccess..

The last aim of ultrasound evaluation of HAIDI is to
check for any remnant unused previous AVF on the same
arm that could be ligated to reduce the global AV shunting,
thus helping distal perfusion.*

Ultrasound examination: HAIDI prevention

Ultrasound may be useful even for HAIDI prevention by
preoperative evaluation as well as during angioaccess fol-
low-up.

Preoperatively, ultrasound may prevent HAIDI by dis-
couraging the creation of proximal access in patients with
severe distal hypoperfusion because of medial calcinosis or
atherosclerotic lesion. In some severe condition of distal
arteriopathy, even a distal access creation would be contra-
indicated. On the other hand, the finding of high bifurca-
tion of the brachial artery ultrasound may be reassuring in
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high risk patients (i.e. diabetic) regarding a proximal
access creation by respect of ischaemia,* as the inflow,
despite being at the elbow, would be haemodynamically
similar to a distal access.

Finally, during the follow-up, the observation of a low
subclinical distal perfusion may contraindicate treatment
of a concomitant venous stenosis, thus preventing the
occurrence of postoperative HAIDL*

Conclusion

Ultrasound evaluation will provide a huge amount of infor-
mation that could help determine the best treatment options
for dialysis access-related distal ischaemia. The anatomical
and haemodynamic information on the angioaccess com-
plicated by HAIDI is of great value for determining the
intervention needed for a patient.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Funding
The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: M

is supported by the by the grant of the Agency of Health Research
of the Czech Republic 17-31796A.

Ethical statement

Being a review article, this paper does not need any ethical
approval or informed consent.

ORCID iDs
N Pirozzi (& https://orcid.org/0000-0002-6697-3580

L De Alexandris (2 https://orcid.org/0000-0001-7681-4877
J Malik @ https://orcid.org/0000-0002-2386-3293

References

1. Malik J, Tuka V, Kasalova Z, et al. Understanding the dia-
lysis access steal syndrome. A review of the etiologies,
diagnosis, prevention and treatment strategies. J Vasc
Access 2008; 9(3): 155-166.

2. Inston N, Schanzer H, Widmer M, et al. Arteriovenous
access ischemic steal (AVAIS) in haemodialysis: a consen-
sus from the charing cross vascular access masterclass
2016. J Vasc Access 2017; 18(1): 3—12.

3. Leach RM and Treacher DF. ABC of oxygen. Oxygen
transport—2. Tissue hypoxia. BMJ 1998; 317(7169):
1370-1373.

4. Bourquelot P. Hemodialysis access-induced distal ischemia
(HAIDI): surgical management. In: Asif A, Agarwal AK,
Yevzlin AS, et al. (eds) Interventional nephrology. New
York: McGraw Hill Medical, 2012, pp. 601-614.

10.

11.

12.

13.

14.

15.

17.

18.

19.

20.

21.

Tordoir JHM, Dammers R and van der Sande FM. Upper
extremity ischemia and hemodialysis vascular access. Eur J
Vasc Endovasc Surg 2004; 27(1): 1-5.

van Hoek F, Scheltinga MR, Kouwenberg I, et al. Steal in
hemodialysis patients depends on type of vascular access.
Eur J Vasc Endovasc Surg 2006; 32(6): 710-717.

USRDS Annual Data Report, http://www.usrds.org2007.
Wixon CL, Hughes JD and Mills JL. Understanding strate-
gies for the treatment of ischemic steal syndrome after hemo-
dialysis access. J Am Coll Surg 2000; 191(3): 301-310.
Berman SS, Gentile AT, Glickman MH, et al. Distal
revascularization-interval ligation for limb salvage and
maintenance of dialysis access in ischemic steal syndrome.
J Vasc Surg 1997; 26(3): 393-402.

Morsy AH, Kulbaski M, Chen C, et al. Incidence and char-
acteristics of patients with ischemia after hemodialysis
access procedure. J Surg Res 1998; 74: 8-10.

DeCaprio JD, Valentine RJ, Kakish J, et al. Steal syndrome
complicating hemodialysis access. Cardiovasc Res 1997; 5:
648-653.

Moe SM and Chen NX. Pathophysiology of vascular calci-
fication in chronic kidney disease. Circ Res 2004; 95:
560-567.

Thermann F and Kornhuber M. Ischemic monomelic neuro-
pathy: a rare but important complication after hemodialysis
access placement — a review. J Vasc Access 2011; 12(2):
113-119

Scheltinga MR, van Hoek F and Bruijninckx CM. Time of
onset in haemodialysis access-induced ischaemia (HAIDI)
is related to the access type. Nephrol Dial Transplant 2009;
24(10): 3198-3204.

Vacharathit V, Billings SD and Kirksey L. Resolution of
reactive angioendotheliomatosis in an arteriovenous fistula
with innominate vein angioplasty. J Vasc Access 2018;
19(1): 94-97

Storey BG, George CR, Stewart JH, et al. Embolic and
ischemic complications after anastomosis of radial artery
to cephalic vein. Surgery 1969; 66(2): 325-327.

Bussell JA, Abbott JA and Lim RC. A radial steal syndrome
with arteriovenous fistula for hemodialysis. Studies in seven
patients. Ann Intern Med 1971; 75(3): 387-394.

Kokkosis AA1, Abramowitz SD, Schwitzer J, et al. Inflow
stenosis as a contributing factor in the etiology of AV
access-induced ischemic steal. J Vasc Access 2014; 15(4):
286290

Mickley V. Steal syndrome — strategies to preserve vascular
access and extremity. Nephrol Dial Transplant 2008; 23(1):
19-24.

Jackson VE, Hurst H and Mitra S. Structured physical
assessment of arteriovenous fistulae in haemodialysis
access surveillance: a missed opportunity. J Vasc Access
2018; 19(3): 221-229

Schanzer A, Nguyen LL, Owens CD, et al. Use of digital
pressure measurements for the diagnosis of AV access-
induced hand ischemia. Vasc Med 2006; 11(4): 227-231.


https://orcid.org/0000-0002-6697-3580
https://orcid.org/0000-0002-6697-3580
https://orcid.org/0000-0002-6697-3580
https://orcid.org/0000-0001-7681-4877
https://orcid.org/0000-0001-7681-4877
https://orcid.org/0000-0001-7681-4877
https://orcid.org/0000-0002-2386-3293
https://orcid.org/0000-0002-2386-3293
https://orcid.org/0000-0002-2386-3293
http://www.usrds.org2007

90

The Journal of Vascular Access

22.

23.

24.

25.

26.

27.

28.

29.

30.

Modaghegh MH, Roudsari B and Hafezi S. Digital pressure
and oxygen saturation measurements in the diagnosis of
chronic hemodialysis access-induced distal ischemia.
J Vasc Surg 2015; 62(1): 135-142

Franco G. Technique and results of duplex-Doppler for non-
stenosing complications of vascular access for chronic
hemodialysis: ischemia, steal, high flow rate, aneurysm.
J Mal Vasc 2003; 28(4): 200-205

Malik J, Slavikova M and Maskova J. Dialysis access-
associated steal syndrome: the role of ultrasonography.
J Nephrol 2003; 16(6): 903-907.

Davidson 1J, Chan D, Dolmatch B, et al. Duplex ultrasound
evaluation for dialysis access selection and maintenance: a
practical guide. J Vasc Access 2008; 9(1): 1-9.

Kenney 1J1 and Delves NJ. The effect of wound dressings
on diagnostic ultrasound imaging. J Wound Care 1997,
6(3): 117-120

Wiese P and Nonnast-Daniel B. Colour Doppler ultrasound
in dialysis access. Nephrol Dial Transplant 2004; 19(8):
1956-1963

Malik J, Slavikova M, Malikova H, et al. Many clinically
silent access stenoses can be identified by ultrasonography.
J Nephrol 2002; 15(6): 661-665.

Wedgwood KR, Wiggins PA and Guillou PJ. A prospective
study of end-to-side vs side-to-side arteriovenous fistulas
for haemodialysis. Br J Surg 1984; 71(8): 640—642.

Miller GA, Khariton K, Kardos SV, et al. A Flow interrup-
tion of the distal radial artery: treatment for finger ischemia
in a matured radiocephalic AVF. J Vasc Access 2008; 9(1):
58-63.

31.

32.

33.

34.

35.

36.

37.

38.

Cordova E, Pettorini L, Scrivano J, et al. Preoperative
duplex examination in patients with dialysis access-
related hand ischemia: indication for distal radial artery
ligation. J Vasc Access 2015; 16(3): 255-257

Cheun TJ, Jayakumar L, Sideman M]J, et al. Upper extre-
mity arterial endovascular interventions for symptomatic
vascular access-induced steal syndrome. J Vasc Surg
2019; 70(6): 1896-1903

Kordzadeh A and Parsa AD. A systematic review of distal
revascularization and interval ligation for the treatment of
vascular access-induced ischemia. J Vasc Surg 2019; 70(4):
1364-1373

Vaes RH, van Loon M, Vaes SM, et al. One-year efficacy of
the RUDI technique for flow reduction in high-flow auto-
logous brachial artery-based hemodialysis vascular access.
J Vasc Access 2015; 16(Suppl 9): S96-S101.

Kordzadeh A, Garzon LAN and Parsa AD. Using distal
inflow for the treatment of dialysis access steal syndrome:
a systematic review. Ann Vasc Dis 2018; 11(4): 473-478.
Gupta N, Yuo TH, Konig G, et al. Treatment strategies of
arterial steal after arteriovenous access. J Vasc Surg 2011;
54(1): 162-167

Raynaud A, Novelli L, Rovani X, et al. Radiocephalic fis-
tula complicated by distal ischemia: treatment by ulnar
artery dilatation. Cardiovasc Intervent Radiol 2010; 33(1):
223-225

Bourquelot P, Gaudric J, Turmel-Rodrigues L, et al. Prox-
imal radial artery ligation (PRAL) for reduction of flow in
autogenous radial cephalic accesses for haemodialysis. Eur
J Vasc Endovasc Surg 2010; 40(1): 94-99.



	Ultrasound evaluation of dialysis access-related distal ischaemia
	Main text 
	Definition
	Incidence
	Risk factors
	Clinical presentation
	Pathophysiology
	Diagnosis
	Ultrasound examination: diagnosis and indications for treatment
	Ultrasound examination: HAIDI prevention

	Conclusion
	Declaration of conflicting interests
	Funding
	Ethical statement
	ORCID iDs
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


