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Preface

This book examines the contemporary methodology and management of vascu-
lar access for multiple purposes, including coronary intervention, dialysis, and 
transcatheter aortic valve implantation technology. It recognizes the impact of
decision-making regarding the route of access to minimize procedural complica-
tions, especially in patients with complicated vascular anatomy. It also presents a
method for regional anesthesia for vascular access surgery in the context of optimal 
clinical outcomes. A hybrid vascular surgery technique is also disputed. In addition, 
the book contains studies that address the need to reduce in-hospital clinical risk
and boost long-term survival in patients who are candidates for vascular access
surgery. Likewise, this book contains an assortment of discussions on the various
clinical aspects of vascular access to enrich our knowledge and understanding of
the contemporary methodology and management of vascular access for a broad 
range of purposes. The book contains four different sections: 1. Vascular Access: 
Methodology and Contemporary Management; 2. Vascular Access and Reparative
Surgery; 3. Vascular Access Failure; and 4. Risk Stratification in Vascular Access.

Dr. Alexander E. Berezin
Professor,

Senior Consultant of the Therapeutic Unit,
Internal Medicine Department,

State Medical University of Zaporozhye, Ukraine



Preface

This book examines the contemporary methodology and management of vascu-
lar access for multiple purposes, including coronary intervention, dialysis, and 
transcatheter aortic valve implantation technology. It recognizes the impact of 
decision-making regarding the route of access to minimize procedural complica-
tions, especially in patients with complicated vascular anatomy. It also presents a 
method for regional anesthesia for vascular access surgery in the context of optimal 
clinical outcomes. A hybrid vascular surgery technique is also disputed. In addition, 
the book contains studies that address the need to reduce in-hospital clinical risk 
and boost long-term survival in patients who are candidates for vascular access 
surgery. Likewise, this book contains an assortment of discussions on the various 
clinical aspects of vascular access to enrich our knowledge and understanding of 
the contemporary methodology and management of vascular access for a broad 
range of purposes. The book contains four different sections: 1. Vascular Access: 
Methodology and Contemporary Management; 2. Vascular Access and Reparative 
Surgery; 3. Vascular Access Failure; and 4. Risk Stratification in Vascular Access.

Dr. Alexander E. Berezin
Professor,

Senior Consultant of the Therapeutic Unit,
Internal Medicine Department,

State Medical University of Zaporozhye, Ukraine



1

Section 1

Vascular Access: 
Methodology and 

Contemporary
Management



1

Section 1

Vascular Access: 
Methodology and 

Contemporary 
Management



3

Chapter 1

Different Sites of Vascular Access 
for Transcutaneous Aortic Valve 
Implantation (TAVI)
Mohd Shahbaaz Khan

Abstract

Aortic valve stenosis is a common valvular heart disease and its incidence is 
increasing day by day as the life expectancy is increasing gradually. It can be of 
congenital or acquired variety but in old ages aortic stenosis is acquired mostly and 
main reasons rheumatic heart disease or senile calcification of aortic valve. Aortic 
valve replacement with mechanical tissue valves is the surgical management of 
aortic valve stenosis but some of the patients are not suitable for the surgery based 
on their physical status and associated comorbidities. These patients are high risk 
for surgical complications or they have prohibitive risks for surgery. Transcutaneous 
aortic valve implantation is the new technique developed to implanting aortic valve 
mostly without opening the sternum and without using cardiopulmonary bypass 
machine. This procedure is mostly done via transfemoral access but in case of con-
traindications to use femoral artery for access some other different accesses are used 
to implant the aortic valve, that is, transsubclavian/transaxillary access, transapical 
access, transaortic access, transcarotid and transcaval accesses. In this chapter we 
are going to discuss all accesses in details.

Keywords: TAVI, transfemoral access, transsubclavian access, transaxillary access, 
transapical access, transaortic access, transcarotid and transcaval access

1. Introduction

Aortic valve is present between left ventricle and aorta. It opens during ventricu-
lar systole and closes at ventricular diastole.

Aortic stenosis (AS) represents obstruction of blood flow across the aortic valve 
due to congenital or acquired narrowing. Etiology can be bicuspid aortic valve, 
rheumatic aortic stenosis and senile aortic stenosis due to calcification of aortic 
valve.

It is a progressive disease that presents after a long subclinical period with 
symptoms of decreased exercise capacity, exertional chest pain (angina), syncope, 
and heart failure.

Echocardiography helps in diagnosis and grading of the aortic stenosis 
(Table 1).

Most of the patients usually undergo open surgical aortic valve replacement with 
mechanical or bioprosthetic aortic valve, but some patients may not be suitable 
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candidate for the open surgical aortic valve replacement because of their associated 
comorbidities or risk of adverse outcome.

Transcatheter aortic valve implantation (TAVI) is the procedure of implanting 
the prosthetic aortic valve through intravascular route. First transcatheter aortic 
valve implantation was done by Cribier et al. [1].

It is the preferred procedure for the severe aortic stenosis patients who are being 
considered as non-operable [2] or high risk procedure [3] for open surgical aortic 
valve replacement.

It has become a well-established procedure over the years and since its invention 
over hundreds of thousands of valves has been deployed. This number is gradually 
increasing day by day.

There is a basic idea of a crimped aortic bioprosthetic valve and its transcatheter 
implantation in aortic valve position.

Followings (Table 2) are the aspects to be considered by the heart team to take 
decision for management of severe aortic stenosis in high risk patients for surgical 
aortic valve replacement or TAVI.

There are many ways of implanting the aortic valve (Figure 1) by TAVI but 
most commonly used route is retrograde transfemoral arterial access. This is less 
invasive and the only percutaneous way of implanting the aortic valve. Even it can 
be done without general anesthesia. Other routes need surgical cut down for the 
arterial access.

Peripheral vessels must be assessed for the size, tortuosity, and calcification of 
the iliac and femoral arteries. Vascular assessment is most commonly performed 
using contrast angiography or CT angiography. By default transfemoral access is 
considered to be vascular access site for TAVI.

Other retrograde transcatheter aortic valve implantation (TAVI) is currently 
performed through an alternative access in 15% of patients. Existing data does 
not favor one route over another one. All the routes have different advantages and 
disadvantages.

This chapter will review the different accesses for aortic valve implantation.
Most common vascular access for TAVI is transfemoral artery by default. As the 

technology has improved, the options for the vascular access for TAVI has increased 
and may include transfemoral, transsubclavian (transaxillary), transapical, trans-
aortic, and transcaval.

With the availability of the lower profile aortic valves for implantation, these 
valves are mostly deployed via transfemoral route but in case of contra-indication 
to use femoral artery for TAVI other vessels are used for access; as in case femoral 
arteries are of small size, tortuous or heavily calcified.

Before proceeding for TAVI, patient should undergo full work up with coronary 
angiography, CT angiography scan of heart, aorta and peripheral vessels, transtho-
racic and transesophageal echocardiography, lab investigations and other radiologi-
cal investigations.

Table 1. 
Grading of aortic stenosis.
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Table 2. 
Factors to be considered in severe Aortic stenosis in high risk patients for Surgical AVR or TAVI.

Figure 1. 
Different routes of aortic valve implantation by TAVI.
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Although in most of the TAVI procedures, Cardiopulmonary bypass (CPB) is not 
required but patient should have a full informed consent with possibility of emer-
gency midline sternotomy and use of CPB in case of complications.

While it is difficult to predict which patients will need temporary CPB support 
during or after valve deployment, usually patients with ejection fraction (<25%) 
with severe pulmonary hypertension, especially those requiring significant inotro-
pes during and after anesthetic induction are at higher risk.

2. Preoperative assessment and planning

Potential TAVI patients must undergo full evaluation with

• Coronary angiography

• Transthoracic echocardiography (TTE)

• Transesophageal echocardiography (TEE)

• Cardiac computed tomography

• CT angiography of aorta and peripheral vessels

Initial TAVI evaluation should include an assessment of the following 
variables also:

1. Severity of aortic stenosis.

2. Anatomy of the aortic valve.

3. Aortic valve calcification.

4. Annular, sinotubular, and sinus of Valsalva dimensions.

5. Ventricular function.

6. Coronary artery disease.

7. Height of coronary ostia from aortic annulus.

8. Ileofemoral vessel size, calcification, and tortuosity.

Patients with severe coronary artery disease and lesions which are treatable by 
percutaneous coronary intervention should get stents prior to the procedure. We 
keep patients on dual anti platelets therapy for about 6 weeks and then take them 
for TAVI.

The aortic annulus is sized at mid-systole, and the valve size is selected based 
upon 10% over-sizing of the annular diameter.

If the annulus is not adequately sized, there would be risk of improper valve 
size selection that could lead to paravalvular leak, valve embolization, coronary 
obstruction if the sinus of Valsalva is small or the distance between the annulus and 
the coronary ostia is less (<10 mm).
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3. Transfemoral access

3.1 Introduction

Transfemoral access (Figure 2) is the most preferred route in majority of the 
TAVI procedures world over [4] unless there is an increased risk of vascular compli-
cations depending on vascular size, tortuosity and calcification [5].

3.2 Planning

• All patients should undergo a CT-angiographic scan with 3D reconstruction of 
aorta and femoral vessels

• Aorta should be assessed for tortuosity, presence of aneurysms, atherosclerotic 
plaques and aortic arch calcifications

• Minimum size of femoral and iliac arteries should be more than 5.5 mm (ide-
ally more than 6.5 mm) and it should be free of calcification

• A circumferential calcification could be a potential contraindication for 
transfemoral approach

• Some studies shown that a sheath to femoral artery ratio of greater than 1.05 is 
predictive of a vascular complication [6]

• Bifurcation of femoral artery and its relation with the femoral head should be 
evaluated properly

• Site of needle entry may be altered based on CT scan or ultrasound findings 
of high bifurcation of the common femoral artery and presence of significant 
calcium.

Figure 2. 
Transfemoral access for TAVI.
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3.3 Technique

• Patient lies supine on operating table

• Endotracheal intubation, arterial line and central line with temporary pace 
maker lead through right internal jugular vein and placed

• Surgical part painted and draped from neck down till mid-thigh

• Femoral arteries are accessed percutaneously under vascular ultrasound or 
fluoroscopic guidance

• Surgical cut down can be considered in obese patients with deep femoral arteries

• 6Fr sheath is inserted in one femoral artery and then a 5 Fr pigtail catheter is 
placed in non-coronary sinus of aorta as a marker for aortic valve placement 
and positioning.

• These days routinely we are using right radial artery for placing Pigtail catheter 
in non-coronary sinus of aorta instead of femoral artery

• IV heparin is given to keep activated clotting time (ACT) around 200–250 s.

• Another femoral artery is used to insert 18 Fr valve deployment sheath. First a 
6 Fr sheath is inserted and then a soft, J-tipped wire is placed into the descend-
ing thoracic aorta (DTA).

• Two percutaneous sutures based vascular closure devices (Per close devices) 
are placed, which are used to control the bleeding after the procedure.

• The soft J-tipped wire and an exchange catheter are inserted into the aorta

• A soft wire is exchanged for a super-stiff Amplatz wire

• Then catheter and 6-Fr sheath are removed

• 18 Fr sheath is inserted after making a small nick with 11 blade at the puncture 
site in order to facilitate entry of bigger sheath

• Valve deployment is done through the 18-Fr sheath

• Contra lateral pigtail catheter should be pulled out a little before the opening 
the valve fully; to prevent the entrapment of the pigtail catheter in device

• Rapid ventricular pacing is done to decrease the blood pressure and valve is 
deployed under fluoroscopic and transesophageal echocardiographic guidance

• At completion of the procedure we reverse the ACT by giving protamine and then 
remove the deployment sheath first and control bleeding by per close devices.

• In case of doubtful control of bleeding or suspicion of femoral artery stenosis, 
we do check angiography using cross over from the contralateral femoral artery

• We usually extubate the patient in operating room
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4. Transsubclavian/axillary access

4.1 Introduction

The subclavian artery has recently become a site of access for TAVI [7]. Right 
axillary or subclavian artery is rarely used for TAVI because of anatomic restric-
tions and unfavourable angle for valve implantation. The proximal third of the left 
axillary artery (between the lateral border of the first rib and the medial border of 
the pectoralis minor) represents the ideal target for both surgical and percutaneous 
approaches.

A study suggested that subclavian access is not advisable in patients with subcla-
vian artery diameter <7 mm, significant tortuosity, or prior coronary artery bypass 
grafting (CABG) and patent in situ internal mammary artery grafts [8].

4.2 Disadvantages

There is a higher risk of stroke due to interruption of blood flow to the vertebral 
arteries in patients with carotid disease who depend on the vertebral arteries for 
cerebral perfusion.

4.3 Planning

• CT angio scan with 3D reconstruction of the subclavian and axillary arteries.

• Vessel size should be >6.5 mm without calcifications and tortuosity

• It is more prone for vascular complications (especially in old age) because of 
anatomical differences between subclavian/axillary (more elastic fibers and 
less muscular wall) and femoral arteries.

• Post CABG patients in whom LIMA was used for LAD anastomosis, this 
approach can be lethal due to acute graft occlusion.

4.4 Technique

• A femoral artery and vein access is obtained, 6 Fr sheath is inserted and then 
pigtail catheter is placed in the aortic sinus and a femoral transvenous tempo-
rary pacing lead inserted through femoral vein.

• Surgical cutdown for the left axillary artery is done in deltopectoral groove 
(6–7 cm in size and 1 cm below and parallel to the clavicle from the mid 
clavicular line to the axillary line) (Figure 3)

• Axillary artery is exposed by dissection of pectoralis major and lateral retrac-
tion of the pectoralis minor

• Purse string suture is placed on the artery

• The patient is heparinized to maintain an ACT 200–250 s

• A sheath is inserted by direct puncture Using the Seldinger technique
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• We usually extubate the patient in operating room
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• A sheath is inserted by direct puncture Using the Seldinger technique
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• In some selected cases an 8–10 mm sized Dacron graft can be anastomosed in 
an end-to-side fashion and then cannulated with the valve deployment sheath

• A fully percutaneuos approach was described in 2012 as the “Hamburg Sankt 
George Approach” [9]

• Once the sheath is in place, aortic valve is deployed in same manner as for previ-
ously described transfemoral access

• Heparin reversal, sheath removal and control of vascular bleeding are done in 
same way as transfemoral approach.

5. Transapical access

5.1 Introduction

Transapical access (Figure 4) is the alternative approach for TAVI in patients in 
whom transfemoral or transsubclavian/transaxillary approach is not feasible.

Figure 4. 
Transapical access for TAVI.

Figure 3. 
Transsubclavian artery access.
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5.2 Advantages

The transapical approach has the following advantages over other approaches:

1. Peripheral vascular anatomy and size are not limitation

2. The valve is easily crossed in the antegrade direction (vs. retrograde)

3. Less paravalvular leaks

4. Shorter time for insertion and lesser contrast use

5.3 Disadvantages

1. Longer recovery due to thoracotomy

2. Bleeding

3. Not suitable for patients with significant lung disease (forced expiratory 
volume in 1 s <35%) or low ejection fraction (<15–20%) [10]

4. It could be a source of postoperative Left ventricular (LV) pseudoaneurysm, 
and may impair left ventricular function

5.4 Planning

• Preoperative CT scan chest is needed to identify both the rib space over the 
apex of the heart and the distance from the sternum to the LV apex

• CPB should be standby, to use in case of emergent conversion to open AVR

• Cannulation sites for CPB must be planned

• Common femoral artery and vein are used for cannulation usually

• Access to femoral vessels must be done in beginning of case, if femoral vessels 
are supposed to be used as a bailout CPB cannulation (on the contra lateral 
side, other than from the femoral arterial access for pigtail aortogram and 
venous access for ventricular pacing

• Axillary artery can also be cannulated in case femoral artery is small in size

• A final bailout for CPB is transapical cannulation itself putting a long arterial 
cannula across the aortic valve. The obvious advantage of this approach is that 
area will already be readily accessible. The disadvantage of the transapical CPB 
cannulation is that it gives up the site of access for valve deployment

• It need to be careful while tying the sutures as LV can tear due to friable 
myocardium

5.5 Technique

• It is done under general anesthesia

• The procedure should be performed in a hybrid operative room
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• Supine position with both arms tucked at the sides and a small roll under the 
left chest

• It is important to prep patient widely to include all potential CPB cannulation 
sites and for an antero lateral thoracotomy

• Femoral artery and vein access is achieved as routinely

• A femoral transvenous pacing lead is inserted in right ventricle and a pigtail 
catheter is placed in aortic root via femoral artery

• Anterolateral thoracotomy is made in the fifth or sixth intercostal space

• Dissection is carried down to the pleura and a rib retractor is placed

• After identifying the phrenic nerve, the pericardium is opened

• In cases of a previous sternotomy, adhesions are released between the pericar-
dium and epicardium for adequate exposure of the LV apex

• Two apical concentric pledgeted 3–0 PROLENE purse-string sutures are placed 
just cephalad to the apex and lateral to the LAD coronary artery

• The purse-string sutures must be deep into the myocardium as they are prone 
to tear through the ventricular tissue.

• The patient is heparinized to maintain an ACT 200–250 s

• Fluoroscopy is used to align all three aortic cusps in the same plane asin 
transfemoral approach

• The Left ventricle is punctured with a needle and a 0.035″ J wire is passed into 
the LV, across the aortic valve and into the ascending aorta

• The needle is exchanged for a 7-French sheath

• The 0.035″ guide wire is then exchanged for an Amplatz super-stiff wire

• The 7-French sheath is exchanged for the appropriate transapical delivery 
sheath

• If there is bleeding around the sheath, the purse-string sutures can be snared

• The bioprosthetic valve is delivered through the sheath and positioned 
across the aortic valve

• The valve is aligned parallel to the long axis of the aorta and perpendicular to 
the aortic annulus [11]

• Both transesophageal echocardiography (TEE) and aortic root angiogram 
under fluoroscopy are used to confirm the position of the valve
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• Once the optimal position is confirmed, the valve is deployed during rapid 
ventricular pacing

• The valve delivery apparatus is then removed leaving the stiff wire across the 
bioprosthesis

• TEE and angiography are used to assess valve position and paravalvular leak

• Balloon dilation may be performed if there is ≥2+ paravalvular leak

• Once satisfactory valve function and position is confirmed, all catheters and 
wires are removed from the apex, and purse-string sutures are tightened dur-
ing rapid ventricular pacing

• Protamine is given, and additional pledgeted sutures may be placed for 
adequate hemostasis

• The pericardium can be closed partially and a flexible Blake drain is placed in 
the left pleural space with part of it in the pericardium as well for the drainage

• Thoracotomy wound is closed in layers.

6. Transaortic access

6.1 Introduction

The transaortic approach was originally reported by Bapat et al. [12, 13]. The 
concept behind this first report was the use of the short transapical TAVI delivery 
system for the retrograde TAVI implant through the ascending aorta. Since then it 
has become a valid option in case of severe peripheral vascular disease [14].

6.2 Advantages

It has many practical advantages compared to other approaches:

1. It avoids thoracotomy which could potentially impedes pulmonary function in 
COPD patients

2. It avoids cannulation of the left ventricular apex

3. It is easier to achieve hemostasis in aorta than in LV due to fragile myocardium

4. If needed, direct visualization of the aorta permits rapid cannulation and 
initiation of cardiopulmonary bypass for support

6.3 Disadvantages

1. It is technically challenging in case of previous sternotomy and internal mam-
mary artery or saphenous vein grafts for CABG

2. It cannot be used in patients with porcelain aorta [15]
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6.4 Planning

• Preoperative CT scan is done to shows the relationship of the distal ascending 
aorta to the sternum, calcification, and the distance from the distal aortic can-
nulation site to the aortic root

• This distance should be ideally >7 cm allowing enough space for the valve 
implantation.

• CPB should be standby for any intra operative complication

6.5 Technique

• It needs a hybrid operating room where fluoroscopy and TEE

• Supine position with the lower neck remaining exposed for a counter incision 
for the delivery sheath

• Femoral arterial access is obtained as routine for placing a pigtail catheter in 
the aortic sinus

• A femoral transvenous pacing lead is placed in the right ventricle

• It can be performed by two approaches. The first is through mini-sternotomy 
(Figure 5) and the second is by a right mini-thoracotomy (Figure 6).

• An upper ministernotomy is performed with extension to the second intercos-
tal space, where the “J” is completed

• The pericardium is opened

• Pericardial stay sutures are placed for retraction. The aorta is then inspected to 
find a suitable place for catheter insertion

• It should be free from calcification and at least 6–8 cm from the aortic valve for 
valve deployment

• Two aortic purse strings are placed

Figure 5. 
Transaortic access by upper “J” ministernotomy forTAVI.
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• The patient is heparinized to maintain an ACT 200–250 s

• An 18-gauge needle with a 0.035″ soft J guide wire is passed through the 
counter incision in the lower neck and used to puncture the aorta through the 
purse strings

• The needle is exchanged for a 7-F sheath, and a multipurpose catheter with a 
straight soft wire is used to cross the valve

• This is exchanged for a 0.035″ Amplatz extra-stiff J wire

• The appropriate valve sheath is placed 2–4 cm into the aorta

• An aortic root aortogram is performed to align all the three leaflets of the aortic 
valve in same plane

• The valve is placed through the delivery sheath and positioned across the valve

• Once optimal positioning of the valve is confirmed, rapid ventricular pacing at 
160–200 beats/min is started

• When the valve is positioned correctly, the valve is deployed

• Aortograms and TEE is used to assess position and presence of any paravalvu-
lar leaks and patency of coronary ostia

• After full assessment, all catheters and wires are removed and the aortic 
sutures are tightened

• Protamine is administered

• A small flexible chest tube is placed in the mediastinum

• Sternum is closed with stainless steel wires

• A right mini-thoracotomy (through second intercostal space) is an option if 
a surgeon wants to avoid sternotomy or improve visualization in the case of a 
horizontal or a right-sided aorta

Figure 6. 
Transaortic right anterior minithoracotomy for TAVI.
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7. Transcarotid approach

7.1 Introduction

This approach is used rarely and required in only for the patients who have 
contraindications to all other accesses. Modine reported a successful series of 12 
patients who underwent CoreValve TAVI with no access site complications, no 
stroke, and only 1 TIA contralateral to the accessed side [16].

Mylotte et al. [17] reported the feasibility and the safety of this transcarotid 
approach in 96 patients enrolled in 3 different French sites. In their series, no major 
bleedings nor vascular complications related to the access site occurred, while only 
three transient ischemic attacks and no strokes were reported.

7.2 Planning

• Common carotid artery diameter must be >8 mm without any calcification, 
stenosis or tortuosity

• CT angio carotid and brain to rule out significant atherosclerotic disease and to 
assess patency of the circle of Willis and cerebral circulation

• MRI brain is done assess the patency of circle of Willis.

7.3 Technique

• A 6-F sheath is placed in the femoral artery and an angled pigtail catheter is 
utilized for ascending aortography

• A transvenous pacing lead is placed via the femoral vein

• The right common carotid artery is exposed by vertical lower neck incision

• After proximal cross-clamping of the common carotid artery, it is opened 
longitudinally for 2.5 cm

• The de-aired bypass shunt is placed through the arteriotomy into the distal 
carotid to maintain cerebral perfusion

• Cerebral oximetry is monitored for both the cerebral hemispheres during the 
whole procedure

• Through the proximal portion of the arteriotomy, a 0.035-inch J-tipped wire 
and 7-F introducer are placed in the ascending aorta

• A multipurpose catheter is then inserted and a straight wire is used to cross the 
aortic valve

• The straight wire is exchanged for an Amplatz extra-stiff wire

• Under TEE and fluoroscopic guidance bioprosthetic valve is deployed as in 
other approaches

• After the procedure the wires, catheters, and sheath are removed, and the 
carotid artery is repaired with a pericardial patch.
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8. Transcaval approach

8.1 Introduction

The transcaval approach, described by Greenbaum et al. [18] is considered as the 
last resort in patients not qualifying for any other vascular access. In the transcaval 
approach (Figure 7), the delivery system is inserted through the femoral vein and 
crossed to the arterial system by creating an aortocaval fistula, which is closed with 
an Amplatzer device after the valve is deployed.

A case series demonstrated the feasibility of the transcaval TAVI, revealing a 
successful valve deployment in 17 of 19 patients despite a 79% rate of transfusion 
and a 33% rate of vascular complications [18].

8.2 Planning

The location of the fistula is determined by a careful evaluation of the CT abdo-
men and pelvis prior to the procedure.

8.3 Technique

• A baseline CT-scan to identify a calcium free target on the right abdominal 
aortic wall allowing for a safe passage from the inferior vena cava to the aortic 
lumen of the large bore sheath

• After having obtained a femoral venous access, the inferior vena cava is 
punctured by means of a stiff CTO wire mounted over a microcatheter and a 
standard RCA or IMA guiding catheter

• The caval and aortic walls are perforated by using electrocautery applied at the 
distal end of the wire.

• Once the access is obtained to the aortic lumen, the wire is snared and both the 
microcatheter and the guiding catether are advanced into the abdominal aorta.

Figure 7. 
Transcaval access for TAVI.
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Transcaval access for TAVI.
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• This allows for the placement of a stiff “0.035” wire and the advancement of a 
large introducer sheath from the femoral vein into the aortic lumen for conven-
tional retrograde aortic valve replacement

• At case completion, heparin is reversed, and the aortic perforation is closed 
using a conventional vascular, duct or ventricular septal defect occluder device.
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Abstract

A good functioning vascular access (VA) is a prerequisite to obtain a success-
ful dialysis treatment. This chapter reviews VA management in advanced chronic 
kidney disease (CKD) patients drawn from the experience of a large network 
dialysis care provider with the following sections: overview on VA management in 
advanced CKD that follows patient pathway and patient profile, current practice 
patterns in line with best clinical practices; VA creation addressing crucial themes: 
when and what type of VA to construct, how to assess patient pre-emptively, how to 
proceed for the construction and monitoring to prevent early failures and complica-
tions; VA management with particular focus on clinical monitoring, surveillance 
and interventional procedures required to preserve patency and functionality of 
VA; the often-forgotten patient perspective is VA usage. What information to share, 
how to proceed for preventing pain, and fears related with VA needling? What 
should patients know about their VA and how to manage in daily life? Competences, 
skills and responsibilities of nursing staff when using and managing VA; and future 
of VA in terms of innovative concept for creating and maintaining VA conduits in 
dialysis patients.

Keywords: haemodialysis, vascular access, vascular access centre, arteriovenous 
fistula, arteriovenous graft, central venous catheter, vascular access complications, 
best nursing practice, value-based haemodialysis

1. Background

VA is an essential component of the life-sustaining therapy in end stage kidney 
disease patients relying on a sustained extracorporeal circulation for haemodialysis 
(HD) or haemodiafiltration (HDF) [1, 2]. Indeed, VA is often referred to as the 
lifeline or Achilles heel for a dialysis-dependent patient [3]. VA performance is a key 
factor to drive success or failure in all forms of extracorporeal renal replacement 
treatment [4]. Furthermore, VA dysfunction or complication is the major cause of 
morbidity requiring interventional procedures (angioplasty and revision) or hospi-
talisation [4–6]. Furthermore, VA morbidity represents a tremendous burden both 
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for patient and health care system [7, 8]. VA management in chronic kidney disease 
patient is of tremendous importance in quality care of dialysis patients, since it 
represents a daily duty for care givers in the nephrology area to ensure success of 
renal replacement therapy, to improve patient outcome and to reduce burden of VA 
morbidity [1, 9].

2. Overview on VA management in dialysis patients

2.1 VA types

VA for HD belongs to three main categories: (1) arteriovenous fistula (AVF) 
made of native or autologous vessel (aAVF) or heterologous vessel (hAVF) [10]; 
(2) arteriovenous graft (AVG) made of synthetic polymer or bioprosthesis; and 
(3) venous–venous access consisting mainly in tunnelled central venous cath-
eter (tCVC) inserted preferably in the superior vena cava system [11]. A schematic 
representation of various VA types is in Figures 1 and 2. aAVF is still the pre-
ferred VA strongly recommended by best practice guidelines due to its long-term 
patency superiority, higher performances and fewer complications in majority of 
patients [11–13].

Several autologous AVF types have been developed to fit with patient anatomic 
and physiologic characteristics. Briefly, according to their location on the upper 
arms, they are categorised either as distal (wrist) or proximal (elbow or upper 
arm); according to the type of anastomosis, they are categorised as side to side anas-
tomosis or artery side to vein end anastomosis [14, 15] or vein transposition [16].

If the end-stage kidney disease (ESKD) patient is not a suitable candidate for 
an AVF, the AVG is the second VA option. Compared to the AVF, the AVG has bet-
ter mechanical strength, earlier use, decreased primary failure rates, development 
of graft stenosis, a fivefold increase in infection risk, a poorer long-term patency, 
higher levels of complications and more interventions than AVF [17]. AVG should 
be preferred over a CVC because of fewer complications and better survival rates 
[18]. AVG access is made usually of synthetic material (e.g., PTFE) or biomate-
rial and realise a conduit between artery and vein [17]. Recently, a new biologic 
human acellular vessel, as a potential solution to AVG disadvantages, has been 
evaluated with promising evidence [19]. Human acellular vessels were implanted 

Figure 1. 
Autologous AV fistula.
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into 60 patients. The vessels had no dilatation and rarely had post-cannulation 
bleeding. At 12 months, 28% had primary patency, 38% had primary assisted 
patency and 89% had secondary patency [19]. AVG may be constructed either 
on the forearm as straight conduit (radial artery to cephalic vein), or as looped 
conduit (brachial artery to cephalic vein), or on the upper arm as straight conduit 
(brachial artery to axillary vein) or looped conduit (axillary artery to axillary 
vein). Less commonly AVG looped is created on the lower extremity (femoral 
artery to axillary vein) or as transthoracic conduit (axillary artery to contralateral 
axillary vein).

Although AVF is the preferred vascular access, double-lumen non-tunnelled 
catheter is the VA of choice when urgent or emergency HD is requested or when 
AVF/AVG becomes dysfunctional. Tunnelled dialysis catheters can be safely used 
as vascular access till the maturation of fistula and may be an alternative to arte-
riovenous fistula or graft for long-term VA if indicated. tCVC can be considered as 
permanent VA vein, in patients with recurrent access thrombosis, low blood pres-
sure (cardiomyopathy), severe vascular disease (“steal” syndrome), trypanophobia 
(fear of needles), in case of premature exhaustion of veins needed for AVF creation 
and reduced life expectancy. Catheters are available in a variety of materials, 
configurations and tip designs, with the aim to maximise the blood flow, reducing 
recirculation preventing the catheter tip obstruction. There are well-established 
guidelines for selection of an insertion site for CVCs. The preferred site is the right 
internal jugular vein. In case, for different reasons, it is not possible to utilise the 
above vascular approach, and the second option is the left internal jugular vein. 
Other options are the subclavian veins keeping in mind the higher risk of subse-
quent stenosis or venous occlusion. The femoral vein for long-term CVC access 
should be avoided in patients waiting for kidney transplantation due the iliac vein 
risk stenosis.

2.2 VA prevalence

Interestingly, percentage of various VA types varies tremendously among HD 
population worldwide. Several factors contribute to heterogeneity of VA prevalent 
use and distribution that include dialysis vintage (incident vs. prevalent), age 
(young vs. old), gender (male vs. female), ethnicity, comorbidities (high vs. low 
risk), dialysis modality (HD vs. HDF) or dialysis setting (in centre vs. home or 
self-care).

Furthermore, it is of utmost importance noting that practice patterns have likely 
a strong impact on VA choice and prevalent use [20]. In other words, VA choice 
is not only driven by patient conditions or treatment modalities but also depends 
strongly on local or regional practice patterns including referral time to nephrolo-
gist, CKD patient management, care access, VA expertise and commitment, also 
patient choice. As an example, prevalence of AVFs in incident patients (<6 months) 

Figure 2. 
Heterologous AV graft.
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may vary from 20 to 80% from one country to another considering comparable 
patient profile, while the use of CVCs may vary from less than 5–80% in the same 
condition [20, 21]. Comparing VA repartition in prevalent patients, the same 
heterogeneous distribution holds true, with prevalence of 30% to over 90% of AVFs 
from one country to another with comparable patient profile [22, 23].

2.3 VA strategy planning

VA creation strategy planning is important to ensure best outcome to dialysis 
patients. It is now well established that careful clinical assessment and non-invasive 
vascular network mapping (US Doppler) facilitate VA construction and increase 
success rate [24–26]. Best practices emphasise and recommend such an approach to 
reduce failure rate and optimise VA creation, maturation and management [11, 12].

Early referral of advanced chronic kidney disease patient to nephrologist and to 
expert vascular surgeon may facilitate decision for VA choice and creation [27]. VA 
nurse coordinator has been shown to facilitate management of ESKD patients, to 
reduce CVCs use and to improve VA outcome in incident patients [28–30].

Few general rules for VA creation are recommended from best clinical practice 
guidelines: first, start with native AVF distal position at the non-dominant wrist 
and move proximally to the elbow in case of failure, second, favour artery side to 
vein-end anastomosis with reduced and fixed anastomosis diameter, third, con-
sider using synthetic graft conduct in case of multiple failed attempts and fourth, 
tCVC might be a suitable option, in case of repeated VA attempt failures, in elderly 
patients, in patients with limited life time expectancy or as mid or long-term bridg-
ing solution to facilitate creation and maturation of AVF or AVG [12].

VA construction should be ideally performed within expert centres adequately 
staffed, imaging capacities and providing full clinical service to correct immediate 
or short-term VA dysfunction [31, 32].

2.4 VA performance and outcome

VA performance is crucial to ensure delivery of adequate renal replacement 
therapy. It relies on four main indicators: access flow, recirculation, pressure 
changes, and dialysis dose delivery. VA performance is more critical with short 
dialysis than in long or more frequent dialysis treatment schemes.

VA flow is the main parameter that drives dialysis session efficiency [4, 33]. 
Ideally, access flow with AVF or AVG should be higher than 500–600 ml/min to 
ensure extracorporeal blood flow of 350–400 ml/min. Choice of dual lumen tCVC 
should aim to achieve 350–400 ml/min blood flow on a regular basis [34].

In case of dialysis efficiency reduction due to VA dysfunction, that will be 
expressed by a Kt/V decline trend over time [35] (better if evaluated with online 
automated system and in continuous mode [36, 37]) and an increasing of serum 
potassium, phosphate, urea and creatinine levels. Dynamic pressure changes in 
vascular access either from venous or arterial side are reflecting VA dysfunction 
and suggesting a stenosis either on the distal vein or the proximal artery and 
impeding access flow reduction [38]. VA recirculation is usually very low and less 
than 1% with well-functioning AVF and AVG [39]. High recirculation (>10%) 
reflects VA dysfunction (e.g., stenosis of distal vein or proximal artery) and 
requires further investigation and intervention on VA if needed. It is important 
noting that tCVCs have by design and functional characteristics, higher recircula-
tion than AVF or AVG. A well-functioning CVC has a recirculation closed to 10%, 
and higher recirculation is a strong signal of CVC dysfunction [34]. Recirculation 
is usually measured by dilution methods that sense either changes in US velocity 
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(Transonic) [33], electrical impedance, optical (CritLine), ionic dialysance 
change [40] or thermal changes (BTM) [41] with relative good concordance 
[42]. Fresenius Medical Care (FMC), Europe Middle East Africa (EMEA) and 
NephroCare (NC) clinics commonly apply the thermodilution measurements 
[43]. The thermodilution method makes it possible to determine the total blood 
recirculation with a non-invasive temperature bolus technique, and thus detect 
vascular problems that could reduce the efficacy of dialysis. This method can be 
used to assess both grafts/fistula and cardiopulmonary recirculation. In case the 
VA recirculation is confirmed the colour, Doppler US can provide an accurate 
anatomical and haemodynamic information, also measuring the access flow. This 
examination can be performed as part of a routine surveillance program, to detect 
early VA problems, or suspected dysfunction. However, limitations for its use are 
lack of staff and/or knowledge in the HD unit. Imaging techniques as the angiog-
raphy and magnetic resonance flow measurements can allow a better definition of 
blood flow and stenosis visualising inside the vessel lumens.

In brief, reduced access flow, increased recirculation, low Kt/V and significant 
pressure changes are all indicating VA dysfunction that needs to be confirmed, 
explored and treated adequately [44].

A dedicated quality assurance program to VA monitoring and management is 
strongly recommended in dialysis facilities, as part of best clinical practices, to improve 
dialysis patient outcome [45] (see Section 4). VA outcome is usually best summarised 
by three hard clinical endpoints: functionality (e.g., maturation and access flow), tech-
nical survival (e.g. primary patency and secondary patency) and VA-related morbidity 
(e.g., dysfunction, infection and intervention) [46]. In brief, VA outcome depends on 
three groups of factors: first, patient medical profile (e.g., age, gender, comorbidity,  
diabetes and vascular calcification); second, VA type (e.g., autologous AVF and 
synthetic graft); third, practice patterns (e.g., creation skills, monitoring and main-
tenance) [47]. It is not our intent to review factors implicated in these outcomes but 
only to provide some brief trends and facts. Autologous AVFs have better survival than 
synthetic AVGs considering both primary and secondary-assisted patency [48–50]. 
Median technical survival with AVFs ranges between 3 and 10 years compared to AVGs 
which range between 1 and 4 years. Substantial loss of AVFs (10–30%) occurs shortly 
after creation due to thrombosis or poor maturation. Late stenosis or aneurysm may 
be observed with AVFs in long-term run depending on cannulation technique. Loss 
of AVGs occurs later due to stenosis in relation with myointimal hyperplasia in almost 
90% of cases. Patency of AVGs requires tight monitoring and frequent restoring and 
maintaining procedural interventions (e.g., percutaneous angioplasty and stenting) 
[51]. Infection risk is about three times higher with AVGs. Intervention rate (e.g., 
angioplasty) to keep VA patency is 3–10 times higher with AVGs than AVFs in long run.

2.5 Complications in established VA

VA-related morbidity represents a tremendous burden for patient (pain, anxiety 
and depression) and healthcare system (hospitalisation, technical procedures and 
interventions and cost). VA-related problems represent a common cause of hospi-
talisation in dialysis patients accounting for 10–15% of cases [5].

VA complications vary according to VA type [52]. Arteriovenous accesses (AVF 
and AVG) are associated with less complications and risks as compared to tCVC 
[53]. AVF is still the “standard” for VA presenting significant less complications and 
longer survival patency than AVG [54].

Most common complications of recently created AVFs and AVGs are inadequate 
flow, failure to mature and thrombosis [55]. This aspect is further developed in the 
next section.
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may vary from 20 to 80% from one country to another considering comparable 
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heterogeneous distribution holds true, with prevalence of 30% to over 90% of AVFs 
from one country to another with comparable patient profile [22, 23].

2.3 VA strategy planning

VA creation strategy planning is important to ensure best outcome to dialysis 
patients. It is now well established that careful clinical assessment and non-invasive 
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nurse coordinator has been shown to facilitate management of ESKD patients, to 
reduce CVCs use and to improve VA outcome in incident patients [28–30].

Few general rules for VA creation are recommended from best clinical practice 
guidelines: first, start with native AVF distal position at the non-dominant wrist 
and move proximally to the elbow in case of failure, second, favour artery side to 
vein-end anastomosis with reduced and fixed anastomosis diameter, third, con-
sider using synthetic graft conduct in case of multiple failed attempts and fourth, 
tCVC might be a suitable option, in case of repeated VA attempt failures, in elderly 
patients, in patients with limited life time expectancy or as mid or long-term bridg-
ing solution to facilitate creation and maturation of AVF or AVG [12].

VA construction should be ideally performed within expert centres adequately 
staffed, imaging capacities and providing full clinical service to correct immediate 
or short-term VA dysfunction [31, 32].

2.4 VA performance and outcome

VA performance is crucial to ensure delivery of adequate renal replacement 
therapy. It relies on four main indicators: access flow, recirculation, pressure 
changes, and dialysis dose delivery. VA performance is more critical with short 
dialysis than in long or more frequent dialysis treatment schemes.

VA flow is the main parameter that drives dialysis session efficiency [4, 33]. 
Ideally, access flow with AVF or AVG should be higher than 500–600 ml/min to 
ensure extracorporeal blood flow of 350–400 ml/min. Choice of dual lumen tCVC 
should aim to achieve 350–400 ml/min blood flow on a regular basis [34].

In case of dialysis efficiency reduction due to VA dysfunction, that will be 
expressed by a Kt/V decline trend over time [35] (better if evaluated with online 
automated system and in continuous mode [36, 37]) and an increasing of serum 
potassium, phosphate, urea and creatinine levels. Dynamic pressure changes in 
vascular access either from venous or arterial side are reflecting VA dysfunction 
and suggesting a stenosis either on the distal vein or the proximal artery and 
impeding access flow reduction [38]. VA recirculation is usually very low and less 
than 1% with well-functioning AVF and AVG [39]. High recirculation (>10%) 
reflects VA dysfunction (e.g., stenosis of distal vein or proximal artery) and 
requires further investigation and intervention on VA if needed. It is important 
noting that tCVCs have by design and functional characteristics, higher recircula-
tion than AVF or AVG. A well-functioning CVC has a recirculation closed to 10%, 
and higher recirculation is a strong signal of CVC dysfunction [34]. Recirculation 
is usually measured by dilution methods that sense either changes in US velocity 
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(Transonic) [33], electrical impedance, optical (CritLine), ionic dialysance 
change [40] or thermal changes (BTM) [41] with relative good concordance 
[42]. Fresenius Medical Care (FMC), Europe Middle East Africa (EMEA) and 
NephroCare (NC) clinics commonly apply the thermodilution measurements 
[43]. The thermodilution method makes it possible to determine the total blood 
recirculation with a non-invasive temperature bolus technique, and thus detect 
vascular problems that could reduce the efficacy of dialysis. This method can be 
used to assess both grafts/fistula and cardiopulmonary recirculation. In case the 
VA recirculation is confirmed the colour, Doppler US can provide an accurate 
anatomical and haemodynamic information, also measuring the access flow. This 
examination can be performed as part of a routine surveillance program, to detect 
early VA problems, or suspected dysfunction. However, limitations for its use are 
lack of staff and/or knowledge in the HD unit. Imaging techniques as the angiog-
raphy and magnetic resonance flow measurements can allow a better definition of 
blood flow and stenosis visualising inside the vessel lumens.

In brief, reduced access flow, increased recirculation, low Kt/V and significant 
pressure changes are all indicating VA dysfunction that needs to be confirmed, 
explored and treated adequately [44].

A dedicated quality assurance program to VA monitoring and management is 
strongly recommended in dialysis facilities, as part of best clinical practices, to improve 
dialysis patient outcome [45] (see Section 4). VA outcome is usually best summarised 
by three hard clinical endpoints: functionality (e.g., maturation and access flow), tech-
nical survival (e.g. primary patency and secondary patency) and VA-related morbidity 
(e.g., dysfunction, infection and intervention) [46]. In brief, VA outcome depends on 
three groups of factors: first, patient medical profile (e.g., age, gender, comorbidity,  
diabetes and vascular calcification); second, VA type (e.g., autologous AVF and 
synthetic graft); third, practice patterns (e.g., creation skills, monitoring and main-
tenance) [47]. It is not our intent to review factors implicated in these outcomes but 
only to provide some brief trends and facts. Autologous AVFs have better survival than 
synthetic AVGs considering both primary and secondary-assisted patency [48–50]. 
Median technical survival with AVFs ranges between 3 and 10 years compared to AVGs 
which range between 1 and 4 years. Substantial loss of AVFs (10–30%) occurs shortly 
after creation due to thrombosis or poor maturation. Late stenosis or aneurysm may 
be observed with AVFs in long-term run depending on cannulation technique. Loss 
of AVGs occurs later due to stenosis in relation with myointimal hyperplasia in almost 
90% of cases. Patency of AVGs requires tight monitoring and frequent restoring and 
maintaining procedural interventions (e.g., percutaneous angioplasty and stenting) 
[51]. Infection risk is about three times higher with AVGs. Intervention rate (e.g., 
angioplasty) to keep VA patency is 3–10 times higher with AVGs than AVFs in long run.

2.5 Complications in established VA

VA-related morbidity represents a tremendous burden for patient (pain, anxiety 
and depression) and healthcare system (hospitalisation, technical procedures and 
interventions and cost). VA-related problems represent a common cause of hospi-
talisation in dialysis patients accounting for 10–15% of cases [5].

VA complications vary according to VA type [52]. Arteriovenous accesses (AVF 
and AVG) are associated with less complications and risks as compared to tCVC 
[53]. AVF is still the “standard” for VA presenting significant less complications and 
longer survival patency than AVG [54].

Most common complications of recently created AVFs and AVGs are inadequate 
flow, failure to mature and thrombosis [55]. This aspect is further developed in the 
next section.
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VA dysfunction in mature access requires further exploration and imaging  
(e.g., Doppler US, contrast media phlebography or arteriography and digital VA imaging) 
to identify the cause of poor flow or insufficient development. Based on the root 
cause analysis of the VA dysfunction, specific interventional procedures may be 
proposed. Usually they consist in percutaneous angioplasty with or without stenting. 
In the worst cases, surgical VA revision or new VA creation might be preferred.

Thrombosis occurs rarely as an unexpected event but usually follows and/
or complicates an underlying stenosis of the distal or proximal vein or proximal 
artery [56]. This well-established fact reinforces the need for regular VA monitor-
ing to correct pre-emptively this causal factor. Treatment of thrombosis requires 
urgent action by VA interventional expert consisting usually in a combination of 
thrombolytics and thrombectomy techniques [57–59]. After successful declotting, 
it is important to treat underlying stenosis by percutaneous balloon angioplasty to 
prevent thrombosis recurrence [60].

Aneurysms or more frequently false aneurysms may have developed on the 
vein segment of the VA either with AVFs or AVGs [61]. They result from repeated 
cannulation in the same area and high venous pressure. False aneurysms should 
be resected since they are exposed to further complications (e.g., infection and 
bleeding), and cause of high venous pressure (e.g., stenosis) should also be treated 
by balloon angioplasty.

Steal syndrome is a rare but painful and severe condition that needs to be treated 
adequately [62]. Steal syndrome results from retrograde blood flow after AV access 
creation, and a condition that diverts blood flow to proximal segment creates func-
tional ischaemia in distal arm segment. It is more likely to be observed in severely 
arteriopathic and vascular calcified patients. Severity of steal syndrome is graded 
from minor (pale, blue and cold hand) to major (ischaemic pain, ulceration and 
necrosis of digits or hand). Treatment of steal syndrome consists usually in venous 
banding (high flow steal syndrome) or distal revascularisation and interval ligation 
(DRIL procedure) (normal flow steal syndrome). In worst cases, closing AVF or 
AVG would be considered as a safer option.

Infection of VA is not common in AVFs but more common in AVGs (2–3 times) 
and much more common (5–7 times) with tCVCs [63]. Infection results from 
specific risk of VA and chronic dialysis patient profile, but more likely from VA 
handling practices and hygienic rules of the dialysis facility [64].

Complications are associated with CVC placement (puncture of the associated 
artery, bleeding, major venous laceration, atrial perforation, pneumothorax and air 
embolism) and use (malfunction and limitation of dialysis performances, central 
vein stenosis or thrombosis and catheter infection) [65–67]. For patients who are 
treated with HD, the risks of major cardiovascular events, fatal and non-fatal infec-
tions and overall mortality are far greater with catheters than with AVF.

The NKF/DOQI guidelines define CVC dysfunction as the failure to attain a 
sufficient extracorporeal blood flow rate of ≥300 ml/min with a pre-pump arterial 
pressure lower than −250 mmHg [68]. Catheter dysfunction can lead to catheter 
thrombosis in the extreme. Early CVC dysfunction is defined as a catheter that 
never functioned adequately after placement and is mainly consequent to technical 
problems. Later, CVC dysfunction is related to partial or total catheter occlusions 
induced by intrinsic thrombus within the CVC, external fibrin sheath or extrinsic 
thrombus around the catheter in the vein leading to catheter adherence to the vessel 
wall or to the cardiac atrium. The majority of thrombi associated with CVC are 
asymptomatic. If the dialysis staff notices a decreasing Kt/V, an increasing level of 
serum potassium, phosphate, urea and creatinine and an increase of both negative 
arterial pressure and positive venous pressure during consecutive dialysis sessions, 
a CVC dysfunction could be suspected. If thrombosis involves the catheter tip, it 
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may not be possible to withdraw blood and/or to infuse fluids and there may be 
leaking at the access site. In general, symptoms vary from local tenderness or pain at 
the site of entry to obstructive symptoms with swelling of the ipsilateral extremity, 
neck or face. Atrial thrombi may become symptomatic, with pulmonary or systemic 
(paradoxical) embolism or catheter dysfunction, or may be incidentally found as an 
atrial mass. In the experience of the authors of various studies, many patients who 
undergo an echocardiogram bring equivocal reports describing valve vegetation vs. 
tip catheters thrombi [69–71].

3. Vascular access creation and maintenance

3.1 Vascular access choice: selection bias

Whenever a native AVF can be created and is able to mature in no more than 
12 weeks, it is considered the first and best choice as a VA [72]. Higher long-term 
longevity, less thrombotic or infectious morbidity, needs less procedure for mainte-
nance. Overall a native AVF is big life and money saver.

The optimal VA is one that enables an adequate dialysis treatment, for as long 
as needed, keeping in mind that ultimately the natural history of a VA is failure. Its 
characteristics are a good blood inflow through the feeding artery, and an access 
flow (Qa) > 600 ml/min, without recirculation. It must be superficial (<0.6 cm 
skin deep), have a thick wall, a long straight segment to allow two needle punctures 
2.5 cm away, a diameter > 0.6 cm, a good venous outflow, without causing distal 
ischemia in that limb.

That perception lead health authorities, some agencies and big provider chains 
to influence access choice through incentives and performance indicators, as if it 
was a black & white issue. In fact, AVF should not be always first and CVC are not 
always last. VA type comprises two of the nine quality metrics in the US CMS’s five 
star rating of dialysis facilities a Quality Incentives Program (QIP) that rewards 
high AVF prevalence and penalises CVCs, without regard to patient case-mix.

There has never been a RCT comparing different VA choices regarding mortality 
or other hard outcomes. All large observational trials compared accesses achieved 
as opposed to the accesses that were intended (as in intention to treat). As 30–60% 
of all AVFs created either fail or need several procedures to mature and the CVC 
group in most studies were people in whom AVF failed, or CVC was chosen because 
of a predictable bad prognosis (old age, congestive heart failure, short life expec-
tancy…), then we really cannot answer the question on which VA is the best or 
correlate it with hard outcomes [73]. If we exclude patients that begin HD urgently, 
mortality between AVF and CVC patients become identical [73].

VA is only one example of the paradox between patient-centred care and the 
tyranny of quality metrics based on population studies. Reconciling this paradox 
is what clinical judgement is all about and why physicians cannot be replaced by 
algorithms, care paths or protocol-driven medicine [74].

The native AVF comes with its own set of disadvantages. There is a higher risk of 
primary failure (non-maturation), up to 60% failing prior to ever being cannulated, 
angiographic procedures frequently required to assist maturation. Attempt to maxi-
mise fistula use by increasing creation rates has led to the unintended consequence 
of higher primary failure rate and longer dependency on catheters [75, 76].

Studies have shown that the primary failure rate is two times greater for fistulas 
(40%) than AVG (19%), with similar cumulative patency, in addition, the number 
of catheter days before AV access use was more than double in those having a 
fistula (81 days) compared with AVGs (38 days). However, grafts require more 
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VA dysfunction in mature access requires further exploration and imaging  
(e.g., Doppler US, contrast media phlebography or arteriography and digital VA imaging) 
to identify the cause of poor flow or insufficient development. Based on the root 
cause analysis of the VA dysfunction, specific interventional procedures may be 
proposed. Usually they consist in percutaneous angioplasty with or without stenting. 
In the worst cases, surgical VA revision or new VA creation might be preferred.

Thrombosis occurs rarely as an unexpected event but usually follows and/
or complicates an underlying stenosis of the distal or proximal vein or proximal 
artery [56]. This well-established fact reinforces the need for regular VA monitor-
ing to correct pre-emptively this causal factor. Treatment of thrombosis requires 
urgent action by VA interventional expert consisting usually in a combination of 
thrombolytics and thrombectomy techniques [57–59]. After successful declotting, 
it is important to treat underlying stenosis by percutaneous balloon angioplasty to 
prevent thrombosis recurrence [60].

Aneurysms or more frequently false aneurysms may have developed on the 
vein segment of the VA either with AVFs or AVGs [61]. They result from repeated 
cannulation in the same area and high venous pressure. False aneurysms should 
be resected since they are exposed to further complications (e.g., infection and 
bleeding), and cause of high venous pressure (e.g., stenosis) should also be treated 
by balloon angioplasty.

Steal syndrome is a rare but painful and severe condition that needs to be treated 
adequately [62]. Steal syndrome results from retrograde blood flow after AV access 
creation, and a condition that diverts blood flow to proximal segment creates func-
tional ischaemia in distal arm segment. It is more likely to be observed in severely 
arteriopathic and vascular calcified patients. Severity of steal syndrome is graded 
from minor (pale, blue and cold hand) to major (ischaemic pain, ulceration and 
necrosis of digits or hand). Treatment of steal syndrome consists usually in venous 
banding (high flow steal syndrome) or distal revascularisation and interval ligation 
(DRIL procedure) (normal flow steal syndrome). In worst cases, closing AVF or 
AVG would be considered as a safer option.

Infection of VA is not common in AVFs but more common in AVGs (2–3 times) 
and much more common (5–7 times) with tCVCs [63]. Infection results from 
specific risk of VA and chronic dialysis patient profile, but more likely from VA 
handling practices and hygienic rules of the dialysis facility [64].

Complications are associated with CVC placement (puncture of the associated 
artery, bleeding, major venous laceration, atrial perforation, pneumothorax and air 
embolism) and use (malfunction and limitation of dialysis performances, central 
vein stenosis or thrombosis and catheter infection) [65–67]. For patients who are 
treated with HD, the risks of major cardiovascular events, fatal and non-fatal infec-
tions and overall mortality are far greater with catheters than with AVF.

The NKF/DOQI guidelines define CVC dysfunction as the failure to attain a 
sufficient extracorporeal blood flow rate of ≥300 ml/min with a pre-pump arterial 
pressure lower than −250 mmHg [68]. Catheter dysfunction can lead to catheter 
thrombosis in the extreme. Early CVC dysfunction is defined as a catheter that 
never functioned adequately after placement and is mainly consequent to technical 
problems. Later, CVC dysfunction is related to partial or total catheter occlusions 
induced by intrinsic thrombus within the CVC, external fibrin sheath or extrinsic 
thrombus around the catheter in the vein leading to catheter adherence to the vessel 
wall or to the cardiac atrium. The majority of thrombi associated with CVC are 
asymptomatic. If the dialysis staff notices a decreasing Kt/V, an increasing level of 
serum potassium, phosphate, urea and creatinine and an increase of both negative 
arterial pressure and positive venous pressure during consecutive dialysis sessions, 
a CVC dysfunction could be suspected. If thrombosis involves the catheter tip, it 
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may not be possible to withdraw blood and/or to infuse fluids and there may be 
leaking at the access site. In general, symptoms vary from local tenderness or pain at 
the site of entry to obstructive symptoms with swelling of the ipsilateral extremity, 
neck or face. Atrial thrombi may become symptomatic, with pulmonary or systemic 
(paradoxical) embolism or catheter dysfunction, or may be incidentally found as an 
atrial mass. In the experience of the authors of various studies, many patients who 
undergo an echocardiogram bring equivocal reports describing valve vegetation vs. 
tip catheters thrombi [69–71].

3. Vascular access creation and maintenance

3.1 Vascular access choice: selection bias

Whenever a native AVF can be created and is able to mature in no more than 
12 weeks, it is considered the first and best choice as a VA [72]. Higher long-term 
longevity, less thrombotic or infectious morbidity, needs less procedure for mainte-
nance. Overall a native AVF is big life and money saver.

The optimal VA is one that enables an adequate dialysis treatment, for as long 
as needed, keeping in mind that ultimately the natural history of a VA is failure. Its 
characteristics are a good blood inflow through the feeding artery, and an access 
flow (Qa) > 600 ml/min, without recirculation. It must be superficial (<0.6 cm 
skin deep), have a thick wall, a long straight segment to allow two needle punctures 
2.5 cm away, a diameter > 0.6 cm, a good venous outflow, without causing distal 
ischemia in that limb.

That perception lead health authorities, some agencies and big provider chains 
to influence access choice through incentives and performance indicators, as if it 
was a black & white issue. In fact, AVF should not be always first and CVC are not 
always last. VA type comprises two of the nine quality metrics in the US CMS’s five 
star rating of dialysis facilities a Quality Incentives Program (QIP) that rewards 
high AVF prevalence and penalises CVCs, without regard to patient case-mix.

There has never been a RCT comparing different VA choices regarding mortality 
or other hard outcomes. All large observational trials compared accesses achieved 
as opposed to the accesses that were intended (as in intention to treat). As 30–60% 
of all AVFs created either fail or need several procedures to mature and the CVC 
group in most studies were people in whom AVF failed, or CVC was chosen because 
of a predictable bad prognosis (old age, congestive heart failure, short life expec-
tancy…), then we really cannot answer the question on which VA is the best or 
correlate it with hard outcomes [73]. If we exclude patients that begin HD urgently, 
mortality between AVF and CVC patients become identical [73].

VA is only one example of the paradox between patient-centred care and the 
tyranny of quality metrics based on population studies. Reconciling this paradox 
is what clinical judgement is all about and why physicians cannot be replaced by 
algorithms, care paths or protocol-driven medicine [74].

The native AVF comes with its own set of disadvantages. There is a higher risk of 
primary failure (non-maturation), up to 60% failing prior to ever being cannulated, 
angiographic procedures frequently required to assist maturation. Attempt to maxi-
mise fistula use by increasing creation rates has led to the unintended consequence 
of higher primary failure rate and longer dependency on catheters [75, 76].

Studies have shown that the primary failure rate is two times greater for fistulas 
(40%) than AVG (19%), with similar cumulative patency, in addition, the number 
of catheter days before AV access use was more than double in those having a 
fistula (81 days) compared with AVGs (38 days). However, grafts require more 
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angioplasties (1.4 vs. 3.2 events) and thrombolysis (0.05 vs. 0.98 events) interven-
tions per 1000 patient-days [76, 77]. The risk of primary fistula failure is much 
higher for lower arm fistula (28%) than with upper arm fistula (20%) [75].

According to the EDTA Registry, there is a trend for decreasing AVF in incident 
patients from 42% in 2005 to 32% in 2009, while there was an increment in CVCs 
from 58 to 68% (80% in the USA), with large international variation. In prevalent 
patients, AVFs went from 66 to 62% and CVCs from 28 to 32% [23, 78]. In a recent 
meta-analysis, CVCs (compared with AVF) have a higher risk of all-cause mortal-
ity (RR 1.53), fatal infection (RR 2.1), and cardiovascular events (RR 1.48) [18]. 
Grafts need twice as many angioplasties (1.4 vs. 3.2 events/1000 acc. days) than 
AVF, more thrombolysis (0.06 vs. 0.98 events/1000 acc. days). Although they need 
more procedures, their cumulative patency is the same when primary AVF failure is 
factored in [79].

Applying a proportional hazard model to examine mortality in incident HD pts 
aged 65–90 years old in association with the type of VA, but accounting for case-
mix and health status, the RR of AVF is 1.0, graft 1.18, CVC transformed in AVF 
1.2, CVC transformed in a Graft 1.38 and CVC permanently 1.54 (both adjustments 
reduce RR in CVCs of 44%) [80].

Using a decision analysis model (fed with data extracted from DOPPS 2, the 
REDUCE FTM study, the DAC study and CMS data) of the best option for patients 
initiating HD with a CVC, an AVF attempt strategy is associated with better sur-
vival and lower annual cost, but that advantage is progressively lost in patients 
above 60 years or diabetics [81]. The advantages of an AVF attempt strategy 
lessened considerably among older patients, particularly women with diabetes, 
reflecting the lower fistula success rates and lower life expectancy.

Although upper-arm fistulas have a greater chance of maturation, the loss of 
multiple lower-arm possibilities will sooner exhaust VA sites. Also, the upper-arm 
option exposes patients to higher frequency of steal syndrome, potential adverse 
long-term complications of high-flow AVF on cardiac function and an incidence of 
cephalic arch stenosis that is dramatically higher when compared with the forearm 
choice [82].

According to data from CMS, the first year cost in the common scenario of 
patients initiating haemodialysis with a CVC, the annual cost of access-related pro-
cedures and complications is higher in patients who initially receive an AVF vs. an 
AVG. In their first year, the average annual cost of an AVF is $10,642 vs. $6810 in an 
AVG. The CVC group had the highest median annual access-related cost of $28,709 
largely attributed to high frequency hospitalisations due to bacteraemia, repeated 
use of thrombolytics, and frequent catheter replacement [83].

3.2 Timing of referral for vascular access surgery

It is consensual that once established, a native AVF is the preferred HD access, 
and all guidelines recommend placement of an AV access before dialysis initiation; 
however, that desideratum is achieved only in less than one third of all incident 
patients [84]. If we create it too early, the access may need extra procedures to keep 
its patency until dialysis initiation and many more CKD stages 4 and 5 patients will 
die of cardiovascular events than those who will progress to end-stage renal failure 
needing dialysis, and on the other hand, if we do it too late more than 60% of all 
patients will begin their treatment through CVC, without time for full maturation 
of their AV access [85].

Hod examined the optimal timing of incident fistula placement in a population 
of elderly patients above 66 years old, showing that the odds ratio for successful 
fistula use was maximised when surgery was performed 6–9 months before dialysis 
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was needed, with worst results in obese females, in diabetics and patients with 
congestive heart failure [86]. Unfortunately, even when a patient is being monitored 
in clinic by a nephrologist, the rate of progression of CKD to ESRF is not constant, 
the need for dialysis can be precipitated by random, unexpected clinical events 
and the correlation between measurements of renal function and uraemic clinical 
symptoms are poor; therefore, it may be quite difficult to plan the best timing. The 
best strategy would be to develop techniques that speed fistula maturation below 
2 months’ time after surgical creation, what would make planning much easier and 
accurate [87]. Despite the tremendous heterogeneity in the decline of kidney func-
tion in stage 5 CKD patients, factoring in the presence of diabetes, the degree of 
proteinuria and the eGFR trajectory in the preceding year, significantly improved 
our prediction capability of dialysis commencement [88].

3.3 Access creation and early complications

Access malfunction is a source of tremendous emotional and physical suffering, 
dialysis treatments loss, low treatment adequacy, urgent need for a central catheter 
as a substitution access and referral for new angiography or surgical procedures.

The most common first VA complications include haemorrhage, usually at the 
sutures level, infection, revealed in the first 15 days, local pain/inflammation, failure 
to mature producing poor dialysis adequacy and early thrombosis. Non-maturation 
and thrombosis, both have as an underlying mechanism the development of early 
stenosis along the arterial inflow, in the VA itself or in the access outflow.

Stenosis is necessary for thrombosis, but it is not enough. Only 30% of stenosis 
above 50% of lumen compromise will cause thrombosis in the next 6 months, we 
just do not know which ones [89], and on the other hand, stenosis treatment based 
on morphology, percutaneous angioplasty, induces accelerated neointimal hyper-
plasia with recurrent stenosis [90]. In 20% of all cases, recurrent stenosis occurs in 
1-week post-procedure and 40% in 1 month [51].

We define VA maturation by our capability to cannulate it with two needles 
and deliver a minimum blood flow to the extracorporeal circuit of 350 ml/min for 
the whole dialysis, 4 months after its creation, for a minimum of eight dialysis in 
1 month [91].

Immediately after fistula creation, the blood flow increases from an average 
of approximately 20 ml/min in the radial artery to as much as 300 ml/min in a 
radio-cephalic fistula, 1 week later the mean blood flow rate increases further to 
an average of 540 ml/min and the mean shear stress from 5 to 10 dyne/cm2 to 24.5 
dyne/cm2. Ultimately, the increase in flow in a well-developed fistula can reach 
600–1200 ml/min [2].

The functional ability of the artery and vein to dilate and achieve a rapid 
increase in blood flow are the most important determinants of fistula maturation 
[92] and declared that success correlated much better with Qa one day after sur-
gery than with preoperative vessel diameter [91]. Increased shear stress sensed by 
the endothelium, related directly with flow rate and inversely with vessel radius, 
initiates the vascular response and secretion of vasodilators and anti-inflammatory 
mediators, to reduce neointimal hyperplasia and lower shear stress back toward 
baseline levels.

At the pathogenic level, the stenosis seems to be caused by a combination of 
neointimal hyperplasia and an inadequate outward or positive remodelling [93]. 
The abundant presence of myofibroblasts within the neointima is consistent with a 
role for the adventitia as a source of cells for neointimal proliferation. New biologic 
interventions, delivered periadventitial during surgery may old promise in prevent-
ing fistula maturation failure [92, 94].
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option exposes patients to higher frequency of steal syndrome, potential adverse 
long-term complications of high-flow AVF on cardiac function and an incidence of 
cephalic arch stenosis that is dramatically higher when compared with the forearm 
choice [82].

According to data from CMS, the first year cost in the common scenario of 
patients initiating haemodialysis with a CVC, the annual cost of access-related pro-
cedures and complications is higher in patients who initially receive an AVF vs. an 
AVG. In their first year, the average annual cost of an AVF is $10,642 vs. $6810 in an 
AVG. The CVC group had the highest median annual access-related cost of $28,709 
largely attributed to high frequency hospitalisations due to bacteraemia, repeated 
use of thrombolytics, and frequent catheter replacement [83].

3.2 Timing of referral for vascular access surgery

It is consensual that once established, a native AVF is the preferred HD access, 
and all guidelines recommend placement of an AV access before dialysis initiation; 
however, that desideratum is achieved only in less than one third of all incident 
patients [84]. If we create it too early, the access may need extra procedures to keep 
its patency until dialysis initiation and many more CKD stages 4 and 5 patients will 
die of cardiovascular events than those who will progress to end-stage renal failure 
needing dialysis, and on the other hand, if we do it too late more than 60% of all 
patients will begin their treatment through CVC, without time for full maturation 
of their AV access [85].

Hod examined the optimal timing of incident fistula placement in a population 
of elderly patients above 66 years old, showing that the odds ratio for successful 
fistula use was maximised when surgery was performed 6–9 months before dialysis 
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was needed, with worst results in obese females, in diabetics and patients with 
congestive heart failure [86]. Unfortunately, even when a patient is being monitored 
in clinic by a nephrologist, the rate of progression of CKD to ESRF is not constant, 
the need for dialysis can be precipitated by random, unexpected clinical events 
and the correlation between measurements of renal function and uraemic clinical 
symptoms are poor; therefore, it may be quite difficult to plan the best timing. The 
best strategy would be to develop techniques that speed fistula maturation below 
2 months’ time after surgical creation, what would make planning much easier and 
accurate [87]. Despite the tremendous heterogeneity in the decline of kidney func-
tion in stage 5 CKD patients, factoring in the presence of diabetes, the degree of 
proteinuria and the eGFR trajectory in the preceding year, significantly improved 
our prediction capability of dialysis commencement [88].

3.3 Access creation and early complications

Access malfunction is a source of tremendous emotional and physical suffering, 
dialysis treatments loss, low treatment adequacy, urgent need for a central catheter 
as a substitution access and referral for new angiography or surgical procedures.

The most common first VA complications include haemorrhage, usually at the 
sutures level, infection, revealed in the first 15 days, local pain/inflammation, failure 
to mature producing poor dialysis adequacy and early thrombosis. Non-maturation 
and thrombosis, both have as an underlying mechanism the development of early 
stenosis along the arterial inflow, in the VA itself or in the access outflow.

Stenosis is necessary for thrombosis, but it is not enough. Only 30% of stenosis 
above 50% of lumen compromise will cause thrombosis in the next 6 months, we 
just do not know which ones [89], and on the other hand, stenosis treatment based 
on morphology, percutaneous angioplasty, induces accelerated neointimal hyper-
plasia with recurrent stenosis [90]. In 20% of all cases, recurrent stenosis occurs in 
1-week post-procedure and 40% in 1 month [51].

We define VA maturation by our capability to cannulate it with two needles 
and deliver a minimum blood flow to the extracorporeal circuit of 350 ml/min for 
the whole dialysis, 4 months after its creation, for a minimum of eight dialysis in 
1 month [91].

Immediately after fistula creation, the blood flow increases from an average 
of approximately 20 ml/min in the radial artery to as much as 300 ml/min in a 
radio-cephalic fistula, 1 week later the mean blood flow rate increases further to 
an average of 540 ml/min and the mean shear stress from 5 to 10 dyne/cm2 to 24.5 
dyne/cm2. Ultimately, the increase in flow in a well-developed fistula can reach 
600–1200 ml/min [2].

The functional ability of the artery and vein to dilate and achieve a rapid 
increase in blood flow are the most important determinants of fistula maturation 
[92] and declared that success correlated much better with Qa one day after sur-
gery than with preoperative vessel diameter [91]. Increased shear stress sensed by 
the endothelium, related directly with flow rate and inversely with vessel radius, 
initiates the vascular response and secretion of vasodilators and anti-inflammatory 
mediators, to reduce neointimal hyperplasia and lower shear stress back toward 
baseline levels.

At the pathogenic level, the stenosis seems to be caused by a combination of 
neointimal hyperplasia and an inadequate outward or positive remodelling [93]. 
The abundant presence of myofibroblasts within the neointima is consistent with a 
role for the adventitia as a source of cells for neointimal proliferation. New biologic 
interventions, delivered periadventitial during surgery may old promise in prevent-
ing fistula maturation failure [92, 94].
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3.4 Prevention of early complications

The process of care to maximise AVF includes: (a) early referral to a nephrolo-
gist; (b) patient and hospital staff education to save peripheral veins, avoiding 
peripheral as well as central I.V. lines (in our experience, 75% of all patients in a 
renal ward have an I.V. line in the cephalic vein), as well as transvenous implantation 
of pace-makers to be substituted by epicardial leads; and (c) timely referral to the 
right surgeon (well trained and experienced in obtaining VAs), that will probably 
order, or preferably will do it himself a pre-operative vascular mapping. Remind 
him to avoid grafts, but, if no other choice, do not save in their length and that an 
AVF do not always have to be distal [95].

Preoperative physical examination provides essential information in patients 
needing AVF construction but is rarely sufficient nowadays because an increasing 
proportion of HD patients has a compromised vasculature, the result of age, diabe-
tes, many years of dialysis therapy and prior HD catheters. Non-invasive assessment 
by duplex sonography is very helpful in locating veins that are not clinically visible 
and also provides information about their functional characteristics, including 
venous outflow. Duplex sonography is the method of choice for evaluation of 
arteries. A calcified artery with a small lumen and thickened wall will never provide 
adequate fistula function [96].

Vascular mapping (Figure 3) is a technique that leads to information on patient’s 
inflow and outflow anatomy as they relate to arteriovenous access creation. It can 
be done by using US evaluation, or angiographic mapping, both have pros and cons, 
the choice depends on local expertise and availability.

The US scanner should allow examination with B-mode and Doppler mode, 
using linear array probes with a frequency of 7 MHz for B-mode and 5 MHz for 
Doppler. Patients more likely to benefit from pre-operative US evaluation are those 
with: (a) difficult clinical examination (obese, absent pulses and multiple previous 
access surgery); (b) possible arterial disease (older age, diabetics and cardiovascu-
lar disease); and (c) venous disease (previous cannulation) [97]. Doppler US has a 
distinct advantage of being a non-invasive modality that can evaluate both struc-
tural and functional aspects of vessels that play a key role in access maturation [98].

Figure 3. 
Vascular network mapping: arterial map and venous map.
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Preoperative mapping in some settings leads to marked increase in placement of 
AVF and a reduction in the use of catheters [24, 99]. Comparing pre-op US Doppler 
with physical examination, there was a dramatic increase in AVF creation 64 vs. 
34% [24], reduction in graft placement from 62 to 30% and in tunnelled catheters 
insertion 24–7% [99]. Those were not universal findings, though.

The success rate of fistula formation does not correlate with vessel diameter but 
with flow, mainly in the day after [92], and in some series, a preoperative Doppler 
US achieved 80% successful constructed AVFs. Average parameters in this success 
cases: artery internal diameter 2.6 mm (vs. 1.6), Qa 54.5 ml/min (vs. 24.1), and 
resistive index 0.5 (vs. 0.7). Risk of primary failure is much higher for lower arm 
fistula, and long-term patency is not better, increase in vein ID after compression 
59% (vs. 12.4) and Qa increased to 300 ml/min in 1 week (vs. 4–8 weeks) [100].

There is no systematic evidence that preoperative US mapping will induce an 
increase in the proportion of fistulas ultimately used for dialysis or a reduction 
in catheter use. It appears that the results from vessel mapping only influenced 
the decision as to the type or location of the AV access in surgeons with less than 
15 years of experience [101]. In patients with pre-operative vascular mapping, on 
multiple variable logistic regression, factors associated with failure to mature were 
female gender, age > 65 years and forearm location (up to 78% if the three criteria 
were met), and the extracted mapping hemodynamic measurements could not 
differentiate patients with mature or immature forearm fistulas [102].

There is clearly more to maturation than vessel diameter, non-anatomic factors 
likely to contribute to maturation failure include the underlying vascular pathol-
ogy and impaired endothelial function associated with CKD, vein trauma from 
surgical manipulation and the haemodynamic stresses resulting from the creation 
of an AV anastomosis [94]. Preoperative duplex US scanning and venography 
increased first fistula creation rate from 66 to 83%, but maturation rates actually 
declined from 73 to 57%, probably due to basing decision mostly on the vessels 
diameter [103].

4.  Best VA outcome: role of a vascular access centre: quality assurance 
process

Dialysis VA outcome relies on three main components: support of a referent 
vascular access centre (VAC) providing expertise and service 24/7/365 per year; 
implementation of a quality assurance process optimising use of VA; commitment 
and skills of trained nursing staff ensuring best use and management of VA. This 
last part will be addressed more specifically in the nurse perspective section.

4.1 The vascular access centre in a dialysis network

A VAC is a dedicated department specifically designed and equipped to deal 
with VA dysfunction. Its goals are to provide easy access in less than 24 hours to an 
experienced VA surgeon or interventional nephrologist, to increase the prevalent 
number of patients dialysed through native arteriovenous fistulas (AV fistulas) 
and above all to reduce the number of patients requiring a catheter as a transient or 
permanent VA. Place and role of VAC are summarised in Figure 4.

The structure of a VAC is very similar to an ambulatory surgical unit, with 
continuous service from 9:00 am to 9:00 pm, 5 days a week, with a standard 
operating room and angiography suit functioning side by side, staffed by VA expert 
surgeons and interventional nephrologists. The perfect setup for a multidisciplinary 
approach to VA care is in a constant dialogue between surgeons and nephrologists.
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3.4 Prevention of early complications
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order, or preferably will do it himself a pre-operative vascular mapping. Remind 
him to avoid grafts, but, if no other choice, do not save in their length and that an 
AVF do not always have to be distal [95].

Preoperative physical examination provides essential information in patients 
needing AVF construction but is rarely sufficient nowadays because an increasing 
proportion of HD patients has a compromised vasculature, the result of age, diabe-
tes, many years of dialysis therapy and prior HD catheters. Non-invasive assessment 
by duplex sonography is very helpful in locating veins that are not clinically visible 
and also provides information about their functional characteristics, including 
venous outflow. Duplex sonography is the method of choice for evaluation of 
arteries. A calcified artery with a small lumen and thickened wall will never provide 
adequate fistula function [96].

Vascular mapping (Figure 3) is a technique that leads to information on patient’s 
inflow and outflow anatomy as they relate to arteriovenous access creation. It can 
be done by using US evaluation, or angiographic mapping, both have pros and cons, 
the choice depends on local expertise and availability.

The US scanner should allow examination with B-mode and Doppler mode, 
using linear array probes with a frequency of 7 MHz for B-mode and 5 MHz for 
Doppler. Patients more likely to benefit from pre-operative US evaluation are those 
with: (a) difficult clinical examination (obese, absent pulses and multiple previous 
access surgery); (b) possible arterial disease (older age, diabetics and cardiovascu-
lar disease); and (c) venous disease (previous cannulation) [97]. Doppler US has a 
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Preoperative mapping in some settings leads to marked increase in placement of 
AVF and a reduction in the use of catheters [24, 99]. Comparing pre-op US Doppler 
with physical examination, there was a dramatic increase in AVF creation 64 vs. 
34% [24], reduction in graft placement from 62 to 30% and in tunnelled catheters 
insertion 24–7% [99]. Those were not universal findings, though.

The success rate of fistula formation does not correlate with vessel diameter but 
with flow, mainly in the day after [92], and in some series, a preoperative Doppler 
US achieved 80% successful constructed AVFs. Average parameters in this success 
cases: artery internal diameter 2.6 mm (vs. 1.6), Qa 54.5 ml/min (vs. 24.1), and 
resistive index 0.5 (vs. 0.7). Risk of primary failure is much higher for lower arm 
fistula, and long-term patency is not better, increase in vein ID after compression 
59% (vs. 12.4) and Qa increased to 300 ml/min in 1 week (vs. 4–8 weeks) [100].

There is no systematic evidence that preoperative US mapping will induce an 
increase in the proportion of fistulas ultimately used for dialysis or a reduction 
in catheter use. It appears that the results from vessel mapping only influenced 
the decision as to the type or location of the AV access in surgeons with less than 
15 years of experience [101]. In patients with pre-operative vascular mapping, on 
multiple variable logistic regression, factors associated with failure to mature were 
female gender, age > 65 years and forearm location (up to 78% if the three criteria 
were met), and the extracted mapping hemodynamic measurements could not 
differentiate patients with mature or immature forearm fistulas [102].

There is clearly more to maturation than vessel diameter, non-anatomic factors 
likely to contribute to maturation failure include the underlying vascular pathol-
ogy and impaired endothelial function associated with CKD, vein trauma from 
surgical manipulation and the haemodynamic stresses resulting from the creation 
of an AV anastomosis [94]. Preoperative duplex US scanning and venography 
increased first fistula creation rate from 66 to 83%, but maturation rates actually 
declined from 73 to 57%, probably due to basing decision mostly on the vessels 
diameter [103].

4.  Best VA outcome: role of a vascular access centre: quality assurance 
process

Dialysis VA outcome relies on three main components: support of a referent 
vascular access centre (VAC) providing expertise and service 24/7/365 per year; 
implementation of a quality assurance process optimising use of VA; commitment 
and skills of trained nursing staff ensuring best use and management of VA. This 
last part will be addressed more specifically in the nurse perspective section.

4.1 The vascular access centre in a dialysis network

A VAC is a dedicated department specifically designed and equipped to deal 
with VA dysfunction. Its goals are to provide easy access in less than 24 hours to an 
experienced VA surgeon or interventional nephrologist, to increase the prevalent 
number of patients dialysed through native arteriovenous fistulas (AV fistulas) 
and above all to reduce the number of patients requiring a catheter as a transient or 
permanent VA. Place and role of VAC are summarised in Figure 4.

The structure of a VAC is very similar to an ambulatory surgical unit, with 
continuous service from 9:00 am to 9:00 pm, 5 days a week, with a standard 
operating room and angiography suit functioning side by side, staffed by VA expert 
surgeons and interventional nephrologists. The perfect setup for a multidisciplinary 
approach to VA care is in a constant dialogue between surgeons and nephrologists.
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The equipment should include a portable C-arm with capability for digital 
subtraction and road mapping, US equipment for central vein access localisation 
and puncture, pre-procedure patients´ triage and procedure planning, sterilisation 
facilities and a common recovery room for both disciplines. Supplies are tailored to 
operator preferences, within economic considerations [31, 32]. The VAC must be 
licenced by the health authorities, and their physicians credentialed to perform the 
needed techniques.

In our network, we manage around 5000 HD patients, treated in 37 dialysis units 
evenly covering the whole country, serviced by two freestanding ambulatory VACs 
and connected by a paperless dedicated software (VAonline©), a computerised 
database that handles dialysis unit referrals, reporting from the VAC back to the 
units and a permanent registry of our clinical activity used for research and admin-
istrative purposes. It connects and extracts data from the main network database 
(EuCliD).

Referrals to the VA are decided at the discretion of the attending nephrologist in 
the dialysis unit, and on arrival to the VAC patients are assessed to confirm referral 
correctness. Referral indications to the surgical pole of our VAC include: (a) con-
struction and revision of AV fistulas or grafts; (b) exudative infection of the VA; (c) 
distal ischaemia of the access limb; (d) actively growing aneurysms; (e) haemor-
rhage or rupture of the VA; and (f) native AF thrombosis.

Referral indications to the angiography suite include: (a) graft thrombosis; (b) 
growing oedema of the access limb; (c) pain in the access limb during treatment; 
(d) unexplained reduction of dialysis adequacy (Kt/V) and/or VA flow (Qa drop < 
600 ml/min in a graft, or < 400 ml/min in a native AV fistula confirmed in a second 
measurement); (e) SVC syndrome; and (f) native AV fistula non-maturation. Local 
bylaws require that all central venous catheters be implanted in hospitals.

Techniques performed in the operating room include: (a) construction or 
revision of native AV fistulas and grafts; (b) basilic vein transposition; (c) surgical 
treatment of VA infection; and (d) surgical treatment of ischemia or aneurysms of 
the VA limb. Techniques performed in the angiography suite include: (a) diagnostic 
angiography (mapping not achieved with ultrasound); (b) stenosis A=angioplasty; 
(c) pharmacomechanic thrombolysis; and (d) VA stenting.

In our series, with around 3000 interventions per year in both VACs, the most 
common referral cause is by far a drop in Qa in 61.2% of all causes, meaning that 
a VA surveillance program like ours, using daily physical examination by trained 
dialysis nurses and monthly measurement of Qa in the dialysis unit, although of 
controversial benefit, will have a major impact in the workload of the VAC and in 
the costs of the whole operation.

The most common site of stenosis, requiring intervention, was in the access 
itself in 31% of all cases, graft venous anastomosis in 29%, in the cephalic arch with 

Figure 4. 
(A) Place of VAC in clinic network organisation; (B) role of VAC in coordinating VA care.
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9.9% and the swing segment of the native AV fistula (the proximal segment imme-
diately after the AV anastomosis) in 9.1%.

The most common procedures in the angiography suite were isolated balloon 
angioplasty in 67.5% of all cases, thrombolysis + angioplasty in 14.3% (depending 
on the graft prevalence in each region) and 10.1% did not need any endovascular 
intervention (false positive referrals). We decrease the implantation of stents, 
extremely expensive and not suitable for reintervention once suffering a stenosis 
recurrence, to less than 0.5% of all procedures, substituted in the same indications 
by drug eluting balloons. We were not successful accomplishing needed endovascu-
lar treatment in 7.1% of all cases.

Like the experience of others [104], in our centres, the procedures profile 
changed in the last years from a majority of interventions in grafts (angioplasties 
and thrombectomies) to one characterised primarily by angioplasties performed on 
AV fistulas. The number of interventional procedures did not decrease, and it was 
just the referral pattern and the percutaneous intervention required that changed in 
parallel with the increasing AV fistulas utilisation in prevalent patients.

A VAC needs a quality assurance program, to continuously monitor its perfor-
mance. In our network, we use: (a) in first accesses an AVF construction in 80% of 
all cases; (b) in subsequent VAs 60% of AVF; (c) primary AVF failure at 3 months in 
less than 40% of all cases; (d) percentage of function VAs 7 days post-thrombolysis 
> 75% and at 3 months > 50%; and (e) absence of VA infection 15 days post-inter-
vention. We also monitor the dialysis unit, requiring less than 1 referral to the VAC 
per patient year. We closely follow our success and complication rate according to 
international standards [105, 106].

In our experience, the major achievements of a VAC in our network are a 
substantial reduction in the waiting time for urgent procedures (28% of all refer-
rals) to the same day response (elective referrals 4–6 days), the clear improvement 
of training and education of physicians and nurses in the dialysis units, now 
generating 0.3 surgeries/pt.Year, 0.37 angiographies/pt.Year, a precipitously drop 
of prevalent patients being dialysed through a tunnelled catheter from 24 to 14% 
and the total disappearance from our units of transient catheters. VA-related 
hospital admissions went from 1.3 to 0.6 episodes/pt.Year and they were 20% of all 
admissions and are now less than 10%. Our numbers compare favourably with the 
experience of others [107].

So, the question is, do we need a VAC for our dialysis patients? It depends on 
how good and how prompt is VA care offered in your region, if you are working in a 
capitated system, as in our case, is VA management included in the care bundle, are 
you mainly serving your own patients, raising the quality and coordination of care 
they previously received, or is there a market for you to sell a service outside your 
network. Do dialysis units in your area implemented a VA surveillance program, 
and in that case, do we intend to act pre-emptively to correct apparent malfunction?

To turn it into a success, it is important to monitor and influence the process 
of care delivered in our VAC, avoiding futile procedures such as AV fistulas that 
will never mature, diagnostic angiographies not needing therapeutic intervention 
(false positive referrals), useless angioplasties that will only accelerate more severe 
recurrences, or short-lived thrombolysis. It is imperative that we reach a consensus 
on how to define success and reward it (is it Δ Qa, Kt/V improvement, recurrence 
rate?). It is also of utmost importance to establish an accredited program for train-
ing young surgeons and nephrologists in VA care to guarantee future expertise in 
this field [108].

If we manage to be responsible for the full cycle of VA care, without sharing 
responsibilities with other providers, we may expect to keep costs control below 
the reimbursement rate, reduce the hospitalisation rate due to VA morbidity and 
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The equipment should include a portable C-arm with capability for digital 
subtraction and road mapping, US equipment for central vein access localisation 
and puncture, pre-procedure patients´ triage and procedure planning, sterilisation 
facilities and a common recovery room for both disciplines. Supplies are tailored to 
operator preferences, within economic considerations [31, 32]. The VAC must be 
licenced by the health authorities, and their physicians credentialed to perform the 
needed techniques.

In our network, we manage around 5000 HD patients, treated in 37 dialysis units 
evenly covering the whole country, serviced by two freestanding ambulatory VACs 
and connected by a paperless dedicated software (VAonline©), a computerised 
database that handles dialysis unit referrals, reporting from the VAC back to the 
units and a permanent registry of our clinical activity used for research and admin-
istrative purposes. It connects and extracts data from the main network database 
(EuCliD).

Referrals to the VA are decided at the discretion of the attending nephrologist in 
the dialysis unit, and on arrival to the VAC patients are assessed to confirm referral 
correctness. Referral indications to the surgical pole of our VAC include: (a) con-
struction and revision of AV fistulas or grafts; (b) exudative infection of the VA; (c) 
distal ischaemia of the access limb; (d) actively growing aneurysms; (e) haemor-
rhage or rupture of the VA; and (f) native AF thrombosis.

Referral indications to the angiography suite include: (a) graft thrombosis; (b) 
growing oedema of the access limb; (c) pain in the access limb during treatment; 
(d) unexplained reduction of dialysis adequacy (Kt/V) and/or VA flow (Qa drop < 
600 ml/min in a graft, or < 400 ml/min in a native AV fistula confirmed in a second 
measurement); (e) SVC syndrome; and (f) native AV fistula non-maturation. Local 
bylaws require that all central venous catheters be implanted in hospitals.

Techniques performed in the operating room include: (a) construction or 
revision of native AV fistulas and grafts; (b) basilic vein transposition; (c) surgical 
treatment of VA infection; and (d) surgical treatment of ischemia or aneurysms of 
the VA limb. Techniques performed in the angiography suite include: (a) diagnostic 
angiography (mapping not achieved with ultrasound); (b) stenosis A=angioplasty; 
(c) pharmacomechanic thrombolysis; and (d) VA stenting.

In our series, with around 3000 interventions per year in both VACs, the most 
common referral cause is by far a drop in Qa in 61.2% of all causes, meaning that 
a VA surveillance program like ours, using daily physical examination by trained 
dialysis nurses and monthly measurement of Qa in the dialysis unit, although of 
controversial benefit, will have a major impact in the workload of the VAC and in 
the costs of the whole operation.

The most common site of stenosis, requiring intervention, was in the access 
itself in 31% of all cases, graft venous anastomosis in 29%, in the cephalic arch with 

Figure 4. 
(A) Place of VAC in clinic network organisation; (B) role of VAC in coordinating VA care.
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9.9% and the swing segment of the native AV fistula (the proximal segment imme-
diately after the AV anastomosis) in 9.1%.

The most common procedures in the angiography suite were isolated balloon 
angioplasty in 67.5% of all cases, thrombolysis + angioplasty in 14.3% (depending 
on the graft prevalence in each region) and 10.1% did not need any endovascular 
intervention (false positive referrals). We decrease the implantation of stents, 
extremely expensive and not suitable for reintervention once suffering a stenosis 
recurrence, to less than 0.5% of all procedures, substituted in the same indications 
by drug eluting balloons. We were not successful accomplishing needed endovascu-
lar treatment in 7.1% of all cases.

Like the experience of others [104], in our centres, the procedures profile 
changed in the last years from a majority of interventions in grafts (angioplasties 
and thrombectomies) to one characterised primarily by angioplasties performed on 
AV fistulas. The number of interventional procedures did not decrease, and it was 
just the referral pattern and the percutaneous intervention required that changed in 
parallel with the increasing AV fistulas utilisation in prevalent patients.

A VAC needs a quality assurance program, to continuously monitor its perfor-
mance. In our network, we use: (a) in first accesses an AVF construction in 80% of 
all cases; (b) in subsequent VAs 60% of AVF; (c) primary AVF failure at 3 months in 
less than 40% of all cases; (d) percentage of function VAs 7 days post-thrombolysis 
> 75% and at 3 months > 50%; and (e) absence of VA infection 15 days post-inter-
vention. We also monitor the dialysis unit, requiring less than 1 referral to the VAC 
per patient year. We closely follow our success and complication rate according to 
international standards [105, 106].

In our experience, the major achievements of a VAC in our network are a 
substantial reduction in the waiting time for urgent procedures (28% of all refer-
rals) to the same day response (elective referrals 4–6 days), the clear improvement 
of training and education of physicians and nurses in the dialysis units, now 
generating 0.3 surgeries/pt.Year, 0.37 angiographies/pt.Year, a precipitously drop 
of prevalent patients being dialysed through a tunnelled catheter from 24 to 14% 
and the total disappearance from our units of transient catheters. VA-related 
hospital admissions went from 1.3 to 0.6 episodes/pt.Year and they were 20% of all 
admissions and are now less than 10%. Our numbers compare favourably with the 
experience of others [107].

So, the question is, do we need a VAC for our dialysis patients? It depends on 
how good and how prompt is VA care offered in your region, if you are working in a 
capitated system, as in our case, is VA management included in the care bundle, are 
you mainly serving your own patients, raising the quality and coordination of care 
they previously received, or is there a market for you to sell a service outside your 
network. Do dialysis units in your area implemented a VA surveillance program, 
and in that case, do we intend to act pre-emptively to correct apparent malfunction?

To turn it into a success, it is important to monitor and influence the process 
of care delivered in our VAC, avoiding futile procedures such as AV fistulas that 
will never mature, diagnostic angiographies not needing therapeutic intervention 
(false positive referrals), useless angioplasties that will only accelerate more severe 
recurrences, or short-lived thrombolysis. It is imperative that we reach a consensus 
on how to define success and reward it (is it Δ Qa, Kt/V improvement, recurrence 
rate?). It is also of utmost importance to establish an accredited program for train-
ing young surgeons and nephrologists in VA care to guarantee future expertise in 
this field [108].

If we manage to be responsible for the full cycle of VA care, without sharing 
responsibilities with other providers, we may expect to keep costs control below 
the reimbursement rate, reduce the hospitalisation rate due to VA morbidity and 
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limit the number of dialysis treatments lost. Reducing the number of patients with 
catheters we will avoid morbidity due inadequate dialysis, and the extra costs of 
supplies for in-treatment catheter handling as well the cost of thrombolytics to treat 
recurrent catheter obstruction and antibiotics to treat frequent catheter infections.

In the U.S. to break even a VAC in their current reimbursement environment, 
requires at least 800 patients, I suspect we would need a larger patient base in 
Europe; however, the feasibility of a VAC is quite variable and depends on unique 
payment structure in different geographic locations, specific needs of the patient 
population being covered and the availability of trained operators.

4.2 Quality assurance process

Patients with ESKD are fragile and vulnerable. For those who depend on HD, the 
ongoing success requires access to blood vessels capable of providing high volume 
extracorporeal blood flow to execute efficient HD treatments. Indeed, a prop-
erly functioning and reliable VA is one of the key successes of the HD adequacy. 
Unfortunately, the vascular access for HD continues to be referred to as the “Achilles 
Heel” of the HD procedure. Complications have a negative effect on the quality 
of life and continue to be a leading cause for morbidity and mortality of ESKD 
patients, with dysfunction being a major cause of morbidity and mortality in HD 
patients [109, 110].

VA options for HD include the placement of endogenous AVF, AVG and 
tCVC. The AVF is the preferred choice for chronic HD VA, rather than AVG and 
CVC, due the better outcomes (morbidity and mortality) and lower need for 
interventions and complications that could reduce both efficiency and efficacy of 
HD treatments which also increase the overall HD costs [111–114]. The selection 
of access should be individualised based on life expectancy and comorbidities 
and in consultation with a vascular surgeon with experience in the creation of 
HD VA. However, AVF is not always the ideal VA choice for certain ESKD patient 
categories such as the elderly: for those patients, the selection of VA should be 
individualised based on life expectancy and comorbidities. AVF, AVG and CVC are 
all used in older patients for permanent VA.

The HD VA long patency depends on several factors and minimises its complica-
tions, and failure has high priority in dialysis therapy and is a significant challenge 
for nephrologist, nurse and surgeon. The multidisciplinary team approach with 
agreement on a common set of targets [115], the surgeon experience [116] and 
adopting specific prevention measures such as, time referral for surgery with 
preliminary vascular mapping, specific VA surveillance strategies, AVF and AVG 
cannulation techniques with specific hygiene procedures are mandatory measures 
to prevent the VA both early and late failure or complications such as stenosis, 
thrombosis and infection.

The first challenge is the time referral to the vascular surgeon allowing to the 
AVF to mature adequately (1–6 months) and to be used for HD, remaining use-
able for many years with minimal intervention. Early referral of patients with 
CKD is strongly recommended. This approach helps to preserve access sites and 
provides adequate time for planning the creation and allowing maturation of the 
VA [68]. The most experienced surgeon of the HD vascular access team should be 
responsible, or supervise the AVF creation. Fassiadis [117] demonstrated that the 
primary success and primary and secondary patency rates of a series of consecutive 
radio-cephalic fistulae were affected by the experience of the surgeon. The risk 
of AVF primary failure related to ESKD patient increasing age, gender (female) 
and comorbidities (cardiac disease, pulmonary disease, peripheral arterial dis-
ease, diabetes and obesity) should be improved by careful patient evaluation and 
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vascular mapping prior AVF creation. Patient evaluation (medical history and 
physical examination) and preoperative mapping of arm vessels allow a higher 
percentage AVF placements as well as an increased fistula success rate [24, 118]. 
Physical and US examination are intended to evaluate both the arterial and the 
venous system: vascular lesions, classified as inflow or outflow problems, should 
be identified allowing the surgeon the best AVF option protecting as much possible 
the arm vessel paucity for native AVF. The goals of the arterial evaluation are to 
find an artery capable of delivering the blood flow at rate to allow the HD treat-
ment correctly. The axillary, brachial, radial and ulnar pulses should be examined 
as well as the blood pressure between the two arms to assure that the vessels are 
patent. By modified duplex Allen test is evaluated the hand arterial blood circula-
tion if the radial or the ulnar arteries will be utilised in the AVF creation. The artery 
used must be of sufficient size (diameter > 2 mm) [119]. A forearm cephalic vein 
AVF (radial artery–cephalic vein) (brachial artery–cephalic vein) is preferred. 
The entire extent of the vein, its drainage, the diameter, depth and assessment of 
the ability to dilate should be assessed. The upper arm cephalic vein AVF (brachial 
artery–cephalic vein) is evaluated in case no suitable vein is found in the forearm. 
The non-dominant forearm is preferable for dialysis access placement, and the first 
choice used is the radio-cephalic AVF [111]. In case the first choice is not avail-
able, the other options from the most to least desirable are the following [113]: (a) 
dominant forearm radio-cephalic AVF; (b) non-dominant, or dominant upper arm 
brachiocephalic AVF; (c) non-dominant or dominant upper arm Brachiobasilic vein 
transposition AVF; (d) forearm loop graft rate; (e) upper arm straight graft; and (f) 
upper arm loop graft (axillary artery to axillary vein).

After AVF creation immediate thrombosis, failing to mature, or early fistula 
failure, may develop [120], and after the maturation late failure and other com-
plications can occur [120]. VA monitoring and surveillance are crucial to ensure 
best outcome of VA and success to renal replacement program [121–123]. The AVF 
monitoring and the early identification of complications contribute to maintain 
the long-term patency of the AVF. Once the HD treatment is started, skilled nurses 
should evaluate the VA at each dialysis session. VA monitoring is performed on a 
regular basis synchronised with dialysis sessions to detect early dysfunction or com-
plication. A routinely weekly physical examination of mature AVF is recommended 
by 2006 National Kidney Foundation Kidney Disease Outcomes Quality Initiative 
(NKF-KDOQI) guidelines and 2008 Society for Vascular Surgery [68, 119].  
The nurse should inform the nephrologist in case of abnormal noise intensity [12], 
oedema, redness, swelling, bruising, haematoma, rash or break in skin, bleeding, 
other exudate, aneurysm or pseudo-aneurysm. The AVF blood flow is in the range 
of 800–2000 mL, and the thrill is associated with a blood flow >450 ml/min: in case 
the patient notices that the pulse or the thrill is reduced or it cannot be felt he/she 
should immediately inform the clinical staff. Patients should be instructed to keep 
the access extremity clean and to avoid wearing any cloths or wristwatches that 
restrict flow.

VA surveillance is intended to assess objectively and to follow over time VA 
performance and dialysis treatment delivery efficacy. It requires specific non-
invasive tests and special instruments. Three main key parameter indicators are 
usually monitored: effective dialysis dose delivered, recirculation of VA [124, 125] 
and VA flow.

Time trend behaviour monitoring of VA performance based on selected 
indicators is crucial to detect early VA dysfunction (e.g., stenosis). Pre-emptive 
intervention has been shown very effective in correcting stenosis (percutaneous 
angioplasty) and preventing further risk of thrombosis and dysfunction. Precise 
knowledge of individual VA performances, threshold values (e.g., access flow 
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limit the number of dialysis treatments lost. Reducing the number of patients with 
catheters we will avoid morbidity due inadequate dialysis, and the extra costs of 
supplies for in-treatment catheter handling as well the cost of thrombolytics to treat 
recurrent catheter obstruction and antibiotics to treat frequent catheter infections.

In the U.S. to break even a VAC in their current reimbursement environment, 
requires at least 800 patients, I suspect we would need a larger patient base in 
Europe; however, the feasibility of a VAC is quite variable and depends on unique 
payment structure in different geographic locations, specific needs of the patient 
population being covered and the availability of trained operators.

4.2 Quality assurance process

Patients with ESKD are fragile and vulnerable. For those who depend on HD, the 
ongoing success requires access to blood vessels capable of providing high volume 
extracorporeal blood flow to execute efficient HD treatments. Indeed, a prop-
erly functioning and reliable VA is one of the key successes of the HD adequacy. 
Unfortunately, the vascular access for HD continues to be referred to as the “Achilles 
Heel” of the HD procedure. Complications have a negative effect on the quality 
of life and continue to be a leading cause for morbidity and mortality of ESKD 
patients, with dysfunction being a major cause of morbidity and mortality in HD 
patients [109, 110].

VA options for HD include the placement of endogenous AVF, AVG and 
tCVC. The AVF is the preferred choice for chronic HD VA, rather than AVG and 
CVC, due the better outcomes (morbidity and mortality) and lower need for 
interventions and complications that could reduce both efficiency and efficacy of 
HD treatments which also increase the overall HD costs [111–114]. The selection 
of access should be individualised based on life expectancy and comorbidities 
and in consultation with a vascular surgeon with experience in the creation of 
HD VA. However, AVF is not always the ideal VA choice for certain ESKD patient 
categories such as the elderly: for those patients, the selection of VA should be 
individualised based on life expectancy and comorbidities. AVF, AVG and CVC are 
all used in older patients for permanent VA.

The HD VA long patency depends on several factors and minimises its complica-
tions, and failure has high priority in dialysis therapy and is a significant challenge 
for nephrologist, nurse and surgeon. The multidisciplinary team approach with 
agreement on a common set of targets [115], the surgeon experience [116] and 
adopting specific prevention measures such as, time referral for surgery with 
preliminary vascular mapping, specific VA surveillance strategies, AVF and AVG 
cannulation techniques with specific hygiene procedures are mandatory measures 
to prevent the VA both early and late failure or complications such as stenosis, 
thrombosis and infection.

The first challenge is the time referral to the vascular surgeon allowing to the 
AVF to mature adequately (1–6 months) and to be used for HD, remaining use-
able for many years with minimal intervention. Early referral of patients with 
CKD is strongly recommended. This approach helps to preserve access sites and 
provides adequate time for planning the creation and allowing maturation of the 
VA [68]. The most experienced surgeon of the HD vascular access team should be 
responsible, or supervise the AVF creation. Fassiadis [117] demonstrated that the 
primary success and primary and secondary patency rates of a series of consecutive 
radio-cephalic fistulae were affected by the experience of the surgeon. The risk 
of AVF primary failure related to ESKD patient increasing age, gender (female) 
and comorbidities (cardiac disease, pulmonary disease, peripheral arterial dis-
ease, diabetes and obesity) should be improved by careful patient evaluation and 
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vascular mapping prior AVF creation. Patient evaluation (medical history and 
physical examination) and preoperative mapping of arm vessels allow a higher 
percentage AVF placements as well as an increased fistula success rate [24, 118]. 
Physical and US examination are intended to evaluate both the arterial and the 
venous system: vascular lesions, classified as inflow or outflow problems, should 
be identified allowing the surgeon the best AVF option protecting as much possible 
the arm vessel paucity for native AVF. The goals of the arterial evaluation are to 
find an artery capable of delivering the blood flow at rate to allow the HD treat-
ment correctly. The axillary, brachial, radial and ulnar pulses should be examined 
as well as the blood pressure between the two arms to assure that the vessels are 
patent. By modified duplex Allen test is evaluated the hand arterial blood circula-
tion if the radial or the ulnar arteries will be utilised in the AVF creation. The artery 
used must be of sufficient size (diameter > 2 mm) [119]. A forearm cephalic vein 
AVF (radial artery–cephalic vein) (brachial artery–cephalic vein) is preferred. 
The entire extent of the vein, its drainage, the diameter, depth and assessment of 
the ability to dilate should be assessed. The upper arm cephalic vein AVF (brachial 
artery–cephalic vein) is evaluated in case no suitable vein is found in the forearm. 
The non-dominant forearm is preferable for dialysis access placement, and the first 
choice used is the radio-cephalic AVF [111]. In case the first choice is not avail-
able, the other options from the most to least desirable are the following [113]: (a) 
dominant forearm radio-cephalic AVF; (b) non-dominant, or dominant upper arm 
brachiocephalic AVF; (c) non-dominant or dominant upper arm Brachiobasilic vein 
transposition AVF; (d) forearm loop graft rate; (e) upper arm straight graft; and (f) 
upper arm loop graft (axillary artery to axillary vein).

After AVF creation immediate thrombosis, failing to mature, or early fistula 
failure, may develop [120], and after the maturation late failure and other com-
plications can occur [120]. VA monitoring and surveillance are crucial to ensure 
best outcome of VA and success to renal replacement program [121–123]. The AVF 
monitoring and the early identification of complications contribute to maintain 
the long-term patency of the AVF. Once the HD treatment is started, skilled nurses 
should evaluate the VA at each dialysis session. VA monitoring is performed on a 
regular basis synchronised with dialysis sessions to detect early dysfunction or com-
plication. A routinely weekly physical examination of mature AVF is recommended 
by 2006 National Kidney Foundation Kidney Disease Outcomes Quality Initiative 
(NKF-KDOQI) guidelines and 2008 Society for Vascular Surgery [68, 119].  
The nurse should inform the nephrologist in case of abnormal noise intensity [12], 
oedema, redness, swelling, bruising, haematoma, rash or break in skin, bleeding, 
other exudate, aneurysm or pseudo-aneurysm. The AVF blood flow is in the range 
of 800–2000 mL, and the thrill is associated with a blood flow >450 ml/min: in case 
the patient notices that the pulse or the thrill is reduced or it cannot be felt he/she 
should immediately inform the clinical staff. Patients should be instructed to keep 
the access extremity clean and to avoid wearing any cloths or wristwatches that 
restrict flow.

VA surveillance is intended to assess objectively and to follow over time VA 
performance and dialysis treatment delivery efficacy. It requires specific non-
invasive tests and special instruments. Three main key parameter indicators are 
usually monitored: effective dialysis dose delivered, recirculation of VA [124, 125] 
and VA flow.

Time trend behaviour monitoring of VA performance based on selected 
indicators is crucial to detect early VA dysfunction (e.g., stenosis). Pre-emptive 
intervention has been shown very effective in correcting stenosis (percutaneous 
angioplasty) and preventing further risk of thrombosis and dysfunction. Precise 
knowledge of individual VA performances, threshold values (e.g., access flow 
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500–600 ml/min) and time trend analyses are required to optimise and personalise 
VA maintenance strategy [126, 127].

Time of first use or first cannulation varies according to VA type, maturation 
degree and local expertise: native AVF may be cannulated within 4–8 weeks after 
creation; AVG may be cannulated earlier 2–6 weeks; tunnelled CVC may be used 
immediately after insertion. Timing of VA cannulation (early <2 weeks or late >3–4 
weeks) does not seem to impact VA outcome, and this is a particular feature of 
dialysis policy units [128].

The correct cannulation technique is mandatory for preventing AVF injury that 
might cause infiltration/haematoma or intimal damage with subsequent stenosis 
that might lead AVF thrombosis. Recommendations for the AVF cannulation 
procedures are few and mainly focused on needle size, angle of needle insertion and 
direction of needle bevel. Experienced dialysis staff only should be allowed to can-
nulate a newly created fistula. For first cannulations, local anaesthesia performed 
with topic anaesthetic cream or patch (Emla) is recommended [129].

In FMC EMEA NC clinics, the following cannulation procedures are applied 
[43]. The arterial needle should be placed in the direction of the blood flow and 
bevel down, but in case of anatomical restrictions, the needle is placed against 
blood flow and bevel up. The venous needle is always placed in the direction of the 
blood flow. The needle should be inserted at an angle of 20–35°, and when flashback 
is observed, the needle should be lowered and advanced into the centre of the 
vessel. Sites on the AVF which display evidence of aneurysm formation should be 
avoided. In mature AVF, 15- or 14-G needles are needed to support a blood flow 
rate of >350 ml/min needed for high efficiency dialysis or convective treatments. In 
2006, NKF KDOQI guidelines recommended the use of arterial needles with a back-
eye, to reduce the need for flipping or twisting the needle [68]. Parisotto showed 
in a cohort of 7058 patients from nine countries, that area cannulation technique 
(repeated cannulations concentrated over a small vessel area (2–3 cm)) was associ-
ated with a significantly higher risk of access failure than rope-ladder or buttonhole. 
Retrograde direction of the arterial needle with bevel down was also associated with 
an increased failure risk [130]. Moreover, patient application of pressure during 
cannulation appeared more favourable for VA longevity than not applying pressure 
or using a tourniquet [130].

The buttonhole needling is postulated to be associated with a reduction in hae-
matoma and might increase long-term survival of AVF with less complication. The 
buttonhole technique is a cannulation method where the AVF is cannulated in the 
exact same spot, at the same angle and depth of penetration every time [131–134]. 
By using the exact same spot, a scar tissue tunnel track will be created. The proce-
dure should be performed by the same cannulator until the track tunnel has been 
created. After track creation, this technique should always be performed by highly 
experienced staff. Using a sharp needle, it takes approximately 6–12 cannulations 
(depending on the individual patient) to create a track at a given site. The creation 
of a scar tissue tunnel track allows the use of a blunt needle [43].

The needle removal procedure is as important as the cannulation. Needle 
withdrawal must be done carefully in order to prevent tearing of the vessel, to 
minimise access trauma and to achieve optimal haemostasis. Each needle should 
be withdrawn slowly, keeping the same angle as that of insertion, until the entire 
needle has been removed. Digital pressure should be applied only after the needle is 
completely removed to prevent damage to the vessel wall and should be sufficient to 
stop bleeding but not so great as to stop the flow of blood through the VA [43, 135].

Cannulation and needle removal techniques are similar in patients with either 
AVF or AVG with the exception of the buttonhole technique that cannot be utilised 
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to cannulate the AVG. It is suggested to avoid “flip” or rotate the bevel of the needle 
180°. Flipping can lead to stretching of the needle insertion site, which can cause 
bleeding from the needle site and oozing, during dialysis treatment and can damage 
the graft [135].

Some medications, including statins, antiplatelet agents, anticoagulants, and 
dipyridamole have been reported to potentially affect VA outcome. Saran evaluated 
the association between VA failure and the use of specific drugs [136]. Calcium 
channel blockers improved the primary graft patency (relative risk [RR] for fail-
ure, 0.86; P = 0.034). Aspirin therapy was associated with better secondary graft 
patency (RR, 0.70; P < 0.001). Treatment with angiotensin-converting enzyme 
inhibitors was associated with significantly better secondary fistula patency  
(RR, 0.56; P = 0.010). Patients administered warfarin showed worse primary graft 
patency (RR, 1.33; P = 0.037). Statin treatment could be associated with reduced 
neointimal proliferation, vascular inflammation, and improved AVF dysfunction 
[137–139]. A Cochrane review reported that antiplatelet treatment can improve the 
1-month patency rates of AVFs and AVGs [140]. Dipyridamole demonstrated to 
reduce ePTFE graft occlusion reducing the vascular smooth muscle proliferation 
and the neointimal hyperplasia [141].

Infection is the second most common cause of AVF-AVG loss after stenosis/
thrombosis [9]. An effective hygiene and infection control policy is essential, 
and healthcare staff must be trained appropriately. Standard precautions prevent 
healthcare-associated transmission of infectious agents among patients and health-
care workers, and they must be applied to all patients. Appropriate sterile technique 
should be used [43]. The patient’s skin must be disinfected with an appropriate 
solution (before needle insertion for approximately 30–60s) starting at the chosen 
cannulation site and moving outward in a circular rubbing motion. If the skin is 
touched by the patient or staff after the skin prep has been applied but the cannula-
tion has not been completed, repeat the preparation.

The CVC exit-site infection can be defined as a culture-positive inflammation 
external to the cuff of the catheter and localised to the exit site and not extending 
beyond the cuff. It is characterised by local redness, crusting and a variable amount 
of exudate. In most of these cases, the patients respond well with local measures, like 
topical antibiotic application (without fever). The CVC tunnel infection is defined as a 
culture-positive inflammation within the catheter tunnel but beyond the catheter cuff, 
with negative blood culture. Usually it is characterised by erythema, tenderness and 
induration in tissues overlying the catheter and > 2 cm from the exit site. CVC-related 
bloodstream infection (CRBSI) is defined as the presence of bacteraemia originating 
from an intravenous catheter. The diagnosis of CRBSI is often suspected clinically in 
a patient using a CVC who presents fever or chills, unexplained hypotension, and no 
other local sign. Severe sepsis and metastatic infectious complications, such as infec-
tive endocarditis, septic arthritis, osteomyelitis, spinal epidural abscess and septic 
emboli, can prolong the course of CRBSI and should be considered in patients who 
do not respond appropriately to treatment. Specific connection and disconnection 
procedures to prevent the CVC infections are applied in FMC EMEA NC [69].

5. Patient perspective

5.1 Patient information and education

Patient information and education are powerful means for keeping VA func-
tional and safe and to guarantee successful dialysis therapy. These needs extend to 



Vascular Access Surgery - Tips and Tricks

36

500–600 ml/min) and time trend analyses are required to optimise and personalise 
VA maintenance strategy [126, 127].

Time of first use or first cannulation varies according to VA type, maturation 
degree and local expertise: native AVF may be cannulated within 4–8 weeks after 
creation; AVG may be cannulated earlier 2–6 weeks; tunnelled CVC may be used 
immediately after insertion. Timing of VA cannulation (early <2 weeks or late >3–4 
weeks) does not seem to impact VA outcome, and this is a particular feature of 
dialysis policy units [128].

The correct cannulation technique is mandatory for preventing AVF injury that 
might cause infiltration/haematoma or intimal damage with subsequent stenosis 
that might lead AVF thrombosis. Recommendations for the AVF cannulation 
procedures are few and mainly focused on needle size, angle of needle insertion and 
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to cannulate the AVG. It is suggested to avoid “flip” or rotate the bevel of the needle 
180°. Flipping can lead to stretching of the needle insertion site, which can cause 
bleeding from the needle site and oozing, during dialysis treatment and can damage 
the graft [135].
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dipyridamole have been reported to potentially affect VA outcome. Saran evaluated 
the association between VA failure and the use of specific drugs [136]. Calcium 
channel blockers improved the primary graft patency (relative risk [RR] for fail-
ure, 0.86; P = 0.034). Aspirin therapy was associated with better secondary graft 
patency (RR, 0.70; P < 0.001). Treatment with angiotensin-converting enzyme 
inhibitors was associated with significantly better secondary fistula patency  
(RR, 0.56; P = 0.010). Patients administered warfarin showed worse primary graft 
patency (RR, 1.33; P = 0.037). Statin treatment could be associated with reduced 
neointimal proliferation, vascular inflammation, and improved AVF dysfunction 
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reduce ePTFE graft occlusion reducing the vascular smooth muscle proliferation 
and the neointimal hyperplasia [141].
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thrombosis [9]. An effective hygiene and infection control policy is essential, 
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healthcare-associated transmission of infectious agents among patients and health-
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The CVC exit-site infection can be defined as a culture-positive inflammation 
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beyond the cuff. It is characterised by local redness, crusting and a variable amount 
of exudate. In most of these cases, the patients respond well with local measures, like 
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5. Patient perspective
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patient’s family and relatives. Awareness and learning processes should start as soon 
as the patient is diagnosed with chronic kidney disease. VA creation is a significant 
milestone in the life cycle of CKD patient that marks almost the final step of kidney 
disease progression and announce the start of replacement therapy. VA planning 
and creation are usually associated with a severe psychological trauma in renal 
patient that needs to be adequately prepared. Therefore, regarding VA education, it 
is important to differentiate in the life cycle of CKD patient two stages: before and 
after VA construction.

Preservation of vessels is an essential message and task that should be given to 
any CKD patients and relatives [11]. It is of utmost importance that CKD patients 
are aware of how they can preserve their vessels in both arms. They need to realise 
very early that vessels are essential for VA creation as a line to life-sustaining 
therapy and superficial vein resources are not endless. Patient education should 
include information to avoid and/or to refrain using major vessels located in the 
forearm for blood sampling, intravenous (IV) injections and infusions or invasive 
arterial procedures and to avoid the use of upper arms veins for catheterisation 
(e.g., angiography) or radio-logical procedures (e.g., contrast media imaging). Such 
message should be repeated at each hospital or clinical admission. Instead the use of 
superficial veins of the hand and minor vessels of upper arm should be preferred for 
exploration or imaging.

Patient education means more than providing information, CKD patients 
will benefit from counselling to actively participate in the choice of their 
treatment modality, to act on their own care and in successfully self-managing 
certain tasks needed by their treatment [11]. Patient education is needed 
to increase patients’ skills and confidence in managing their own disease. 
Education should be part of CKD management program during outpatient 
clinic consultation as a continuous training process. Long-term follow-up of 
renal patient gives caregivers and patient a better understanding of the choice 
regarding the type of renal replacement therapy and VA option. Obviously, 
patient education does not mean simply handing over information. Appropriate 
materials and personalised education (e.g., adapted to age, educational level, 
cultural and language barriers), that consist both in providing written docu-
ments, pictures, movies, social media and discussions, but also in regular 
checking of patient understanding and knowledge. This regular interaction 
between patient and care giver is one of the most efficient components of the 
educational and training process.

When the creation of VA is planned or performed, the patient must be informed 
about and what to be expected after the surgery. Also, he must be asked to report 
immediately to the VA reference centre if side effects or important changes occur. 
Important and practical advices after VA surgery include for example: to keep the 
arm warm and dry; to monitor the surgical wound for changes; to elevate the arm 
slightly to prevent swelling; to use the other hand to feel VA thrill; to avoid sleeping 
on the fistula arm, wearing tight sleeve, carrying heavy weights, violent sports or 
activity that may cause a trauma to the AVF; to avoid blood pressure measurements, 
blood sampling and IV injections on the VA; to ask dialysis nurse to check AV 
patency if patient is already on dialysis via a CVC.

Maturation of AV access is an important period for long-term VA outcome 
corresponding to the non-use of the VA. This time may last 4–8 weeks dependent 
on the VA type, medical patient profile and vascular network characteristics. After 
wound healing, patient needs to start appropriate exercise program for enhancing 
flow in the VA arm (e.g., open and close hand, squeeze soft ball and touch finger-
tips with thumb) that will foster VA maturation. Long-term monitoring of VA is 
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needed for dialysis patient. In the patient’s life, VA patency and local skin aspect 
should be checked at least daily. The easiest way is to put their hand or fingers 
on the fistula to feel a buzzing sensation (thrill) and to detect abnormal pain or 
temperature.

Patients with a dysfunctioning VA may require at some points imaging and/or 
interventional procedures. It is necessary to explain planned procedures or exami-
nations to the patient. Patients should be informed about the contrast media use for 
the examination and be aware of allergy or other potential side effects. Expected 
results of investigation and potential required intervention should be carefully 
explained to the patient.

Hygienic rules should be applied any time on the VA arm to prevent skin colo-
nisation and migration of bacteria from the skin to the blood circulation system 
at the time of needling (e.g., AVF or AVG) or VA connection (e.g., CVC). General 
recommendations consist in washing access arm with water and soap every day, 
before and after each dialysis session, avoid coughing or sneezing on the VA, keep 
the haemostatic and adhesive dressing for up to 3–4 hours after VA disconnection. 
Teach patients of the importance of preserving VA from special risky practices 
(e.g., sauna and steam bath, swimming, extreme sport and gardening with 
gloves).

5.2 Pain management of VA cannulation

Pain and discomfort caused by VA cannulation and needling are of major 
concern for dialysis patient. Pain assessment is a primary task and responsibility 
of nursing staff when caring dialysis patient [142]. Dialysis patients are exposed to 
pain with VA cannulation more than 300 times per year. Such repetitive exposure 
to pain and discomfort causes anxiety and depression, reduces quality of life, and 
interferes with daily life enjoyment.

Pain is an unpleasant emotional and sensory experience due to an actual or 
potential tissue injury that is tremendously enhanced by anxiety. This is a quite 
stressful condition that can lead to severe and uncontrollable fear of needles 
known as “needle phobia” or “trypanophobia” leading eventually to “dialysis 
phobia.” In this sense, the pain control during VA cannulation by nursing staff 
should be considered as a top priority in dialysis units. Pain intensity during VA 
cannulation may benefit from regular monitoring relying either on subjective 
assessment (nurse feeling) or better and more objective assessment using visual 
analogue scale (VAS).

To prevent fear of needles and pain caused by the VA cannulation, dialysis 
nursing team should be adequately trained in pain management. Effective pain 
control improves patient satisfaction with dialysis nursing care, helps patient to 
accept haemodialysis and enhances their quality of life. Effective and personalised 
plans are needed to manage VA needling pain in dialysis patients. There are dif-
ferent pharmacological and non-pharmacological pain management strategies for 
VA needling. General approaches include topical heat or cold therapy, rhythmic 
breathing, distraction, transcutaneous electrical nerve stimulation, aromatherapy, 
acupressure, massage, active listening and music therapy. Topical treatment 
approaches aiming to reduce pain via local anaesthesia that include Emla (cream 
or patch) and lidocaine (cream or intradermic injection) or local analgesia such 
as Arnica topical cream or diclofenac sodium topical gel are now more frequently 
proposed. Other approaches may be advised such as hypnosis or gas anaesthesia 
with inhalation of nitrous oxide depending on the psychological component and 
on the local setting.
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6.  A value-based approach relying on best nursing practices learned 
from NephroCare

6.1 VA cannulation

VA cannulation method is still an “art” and procedure that reflects local unit 
practices and personal nursing skills [130]. Interestingly, despite the impact nee-
dling has on VA survival and patient outcome, there is no universal or standardised 
method proposed for proper cannulation [143].

There are three cannulation methods used by nursing staff: rope-ladder, 
area cannulation and buttonhole [144]. The rope-ladder (site-rotation) method 
appears to be the most used worldwide being considered as the safest one. It 
consists of alternating puncture sites at a defined distance from the previous one 
along the VA vessel as an attempt to prevent aneurysm formation, stenosis and 
repeated trauma by multiple punctures. The area (one-site-itis) puncture is the 
insertion of the needles in the same general area of 2–3 cm, session after session 
[145]. This method exposes to weakness VA wall with progressive dilation leading 
to false aneurysm. The buttonhole (constant-site) method is less used in centre 
but seems of great interest for patient self-cannulating their own VA. It consists 
in creating a track by cannulating repeatedly the same spot and angle with sharp 
needle over 6–9 weeks. Once the track is formed, then a blunt needle can be used 
for subsequent cannulation. Buttonhole cannulation appears to be less painful 
and create less anxiety than rope-ladder but exposes to a more risk of infection. 
Nursing vascular access procedures are detailed in a separate document acces-
sible and downloadable from the website: https://www.edtnaerca.org/academy/
publications.

6.2 Patients bearing chronic tunnelled central venous catheter (tCVC)

Despite strong recommendations from best clinical practice guidelines, the use 
of tCVC is very common and tends to increase over time in almost all countries 
either in incident (10–80%) and prevalent (2–48%) dialysis patients [20]. Such 
trend most likely reflects change in medical profile of dialysis patients  
(e.g., advanced age, comorbidities, short life expectancy and repeated failures of 
VA creation), change in medical practices (e.g., easy access to CVC and shortage of 
motivated vascular surgeon) and poor or fragmented management of CKD patients 
(e.g., late referral). Interestingly, prevalence of tCVC in prevalent patients varies 
from 20 to 40% in Europe.

6.3 Nurse perspective: skills, training and responsibilities

Nurses play a crucial role in the management of all VAs. VA assessment, cannula-
tion and care are mandatory skills for dialysis nurses: failure to correctly perform 
this operation may result in serious complications for the patients [145].

6.3.1 Competencies and responsibilities

A highly-skilled dialysis nurse is required to ensure that each cannulation/con-
nection procedure is carried out with minimal or no complications. At every dialysis 
session, and before each cannulation/connection, ensure that the patient’s VA is 
functional and has no problems in obtaining the optimal blood flow ensuring an 
adequate dialysis [43]. The competencies and responsibilities to achieve this are as 
follows:
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• The nurses should have competence in:

 ○ AVF/AVG and CVC assessment

 ○ AVF/AVG cannulation techniques and care

 ○ CVC connection and care

 ○ Management of complications

 ○ Patient education related to VA care

• The nurses should have responsibility for:

 ○ Ensuring patient comfort and safety

 ○ Reporting and documenting all complications relating to VA

 ○ Liaising with the dialysis medical team to early identify and manage 
complications

Before starting the cannulation procedure for AVF/AVG or the connection of the 
CVC, the Registered Nurse (RN) must assure the preparation of the environment, 
material and patient following strictly the hygienic rules.

6.3.2 Hand hygiene

The impact of health care-associated infections implies prolonged hospital stay, 
long-term disability, increased resistance of microorganisms to antimicrobials, 
massive additional financial burden, high costs for patients and their families and 
excess deaths [146]. In accordance with the WHO hand hygiene should routinely be 
performed.

6.3.3 Personal protective equipment (PPE) and work uniform

PPE (hand and face protection, aprons and gowns) serves to protect HCW from 
hazards and preventable injuries in the workplace. Some PPE items, such as gloves 
and masks, protect HCWs and patients.

Uniforms are not considered as PPE. Nonetheless they provide the HCW with 
professional attire that supports the HCW in carrying out her or his work in the 
dialysis unit, while at the same time preventing cross-contamination between the 
workplace and the home.

6.3.4 Patients general condition assessment

Prior to any HD treatment, assessment of patient’s general condition to identify 
potential problems that may arise during the treatment should be performed: 
temperature (as a routine, only for CVC), diet, loss of appetite, vomiting, diarrhoea 
and any other intercurrences between treatments like cramps, bleeding or some 
other signs or symptoms of complications.

The nurse needs to weigh the patient and compare the value with the last post 
dialysis weight and to the prescribed dry weight. Blood pressure and pulse must be 
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evaluated and all treatment parameters should be validated. When using a CVC, 
the catheter exit site must be examined thoroughly for the presence of any signs 
of infection. A physical assessment of the VA must be carried out before every 
treatment.

6.3.5 AVF/AVG assessment

Using the eyes, ears and fingertips, AVF/AVG are assessed for complications. 
Inspection (observe and look for):

• Signs and symptoms of inflammation/infection: redness, drainage, abscess, 
warmth, oedema and rash over the fistula.

• Infiltration/haematoma: needle infiltration of new AVF is a relatively frequent 
complication, and haematoma can develop easily in patients on chronic antico-
agulation therapy.

• Pseudo-aneurysms are frequently seen on the fistula arm: pseudo-aneurysms 
develop because of trauma from cannulating the same site or due to a signifi-
cant proximal stenosis in the outflow tract.

• Skin colour: changes in the skin colour could point to stenosis of infection, 
discoloured or cyanotic fingers could be an early sign of steal syndrome.

Palpation (touch and feel):

• Thrill: normally a very prominent thrill is present at the anastomosis and the 
fistula is soft and easily compressible, the thrill diminishes evenly along access 
length.

• Skin temperature: warmth could be a sign of infection; cold could be a sign of 
decreased blood supply (possible steal syndrome).

Auscultation (listen to the fistula):

• Listen for bruit: listen to entire access every treatment and note changes in 
sound characteristics.

AVF/AVG physical examination is crucial to evaluate the proper function and to 
detect possible signs of complications. If any sign of complication is present, the VA 
should not be used and the patients should be evaluated by the nephrologist [43].

6.3.6 CVC assessment

CVC, despite being considered the worst HD VA, is used in a considerable num-
ber of patients, up to 80%, either due to the need to start HD following emergency 
catheter placement or due to lack of native vessel to create an AVF or place an AVG. 
The goal of performing a HD treatment via a CVC should be the achievement of the 
best patient outcome as possible, while keeping all possible complications under 
control. For this purpose, it is fundamental that all team members are familiar 
with the principles of CVC care, which include assessment, usage, surveillance and 
maintenance.
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6.3.6.1 Exit site

The exit site of the CVC must always be inspected at each HD treatment for 
any signs of irritation, infection or development of allergy to dress or disinfectant 
solution, including tenderness, skin peeling, rash, swelling, exudate and redness. 
European Renal Best Practice (ERBP) recommends to always ensure the area being 
cleansed around the exit site is slightly larger than the final dressing and include the 
section of the catheter that will be underneath the dressing [147].

6.3.6.2 Type of dressing

There is a wide variety of different types of products for dressing and secur-
ing CVCs, but the superiority of one over another has not yet been demonstrated. 
According to ERBP, for long-term catheters sterile gauze is preferable, for enabling 
maximal natural airing of the exit site.

6.3.6.3 Patency

Before starting the HD treatment, the patency of the catheter should be evalu-
ated. The locking solution use in the previous treatment should be removed by 
withdrawing 3–5 ml, locking solution mixed with blood. Using a 10 ml syringe filled 
with 0.9% NaCl, a small amount of blood should be aspirate into the syringe and 
observed for clots containment. If yes, flush should not be done. If unable to flush 
the physician should be alerted to assess and, if necessary, provide intervention.

6.3.6.4 Patient’s skin preparation for cannulation

Before needle insertion in an AVF/AVG, proper needle-site preparation should 
be done to reduce infection rates. Site selection should be done prior to the final 
skin preparation.

6.3.6.5 Cannulation

The most important procedure is the cannulation of an AVF/AVG, and over the 
course of a day, it is carried out on numerous occasions by the dialysis nurse. Choice 
of the correct cannulation site and technique are fundamental factors for an optimal 
dialysis session (more information at Section 6.1).

6.3.6.6 Needle taping

Tape the needle in place on completion of insertion, secure it using a minimum 
of three strips of tape: one to fix the wings, a second on top of it to secure the needle 
and a third one to secure the needle tubing.

6.3.6.7 Needle removal and haemostasis (HS)

The procedure of needle removal by the nurse is as important as the cannulation 
of the AVF. Needle withdrawal must be done carefully to prevent tearing of the vessel, 
to minimise access trauma and to achieve optimal HS. The needle should be removed 
using the same inclination as the insertion angle. Appropriate pressure should be 
applied after complete needle removal (thrill should be felt above and below the site 
of pressure). The pressure must be hold for 8–12 min without checking.
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6.3.6.8 Haemostasis

HS of the first cannulation must always be performed by skilled nursing staff, 
since the vessel wall is fragile and there is an increased risk of haematoma forma-
tion. Manual compression applied by the nurse, health care assistant, or patient 
is the standard of care following withdrawal of HD needles. For the patients who 
cannot or are unwilling to hold pressure for sufficient time for HS the use of a HS 
clamp or band is required.

6.3.6.9 Patient education to care for VA

One of the most important responsibilities of the nurses is patient education. To 
achieve shared decision making, improve understanding and adherence, motivate, 
and encourage self-management, effective patient education is crucial [20] (more 
information at Section 5).

A good knowledge on VA management is necessary to enable the nurse to assess, 
plan, implement and evaluate the care given to patients before, during and after 
cannulation (AVF/AVG) or connection (CVC) and to deal with complications. The 
first use of a VA is an important opportunity for the expert nurse to demonstrate 
and transfer her/his knowledge and expertise to novice HD nurse. This will ensure 
the continuing education of healthcare staff engaged in patient care within the HD 
unit.

7. VA future outlook

As stated in the background section, VA is an essential component of a life-sus-
taining therapy in ESKD patients with a significant effect on both patient outcomes 
and associated costs [3, 8]. Therefore, taking a value-based approach and identify-
ing opportunities for VA that would provide the right balance between optimal 
patient outcomes and total spending would be the ultimate goal [148].

The clinical/medical evidence basis clearly shows from a value-based perspec-
tive that it is obvious that native arteriovenous fistula is still the best VA option 
providing the highest survival expectation and the lowest complication risk [149]. 
However, patient profiles have become more complex including an increase of co-
morbidities that affect the success rates of AVF [150]. Therefore, several attempts 
have been made to substitute failing native AVF by new VA devices including 
vascular graft (synthetic and biomaterial), implantable devices (graft, venous 
catheter and port catheter) or hybrid system (graft port or venous port catheter) 
with limited success [151, 152].

What are the new VA perspectives to improve outcome and/or to expand VA 
possibilities in difficult cases. Several opportunities are currently under clinical 
investigation:

First, better management and use of existing VA from installation (VA network 
mapping) to maintenance permitted by use of non-invasive imaging (US-based) 
including monitoring technologies (online monitoring HD) [149, 153, 154] or 
connected technologies offering 24/7 continuous monitoring of VA patency [155]. 
The idea behind is to facilitate maturation of newly created AVF and/or to intervene 
earlier on failing VA to permit percutaneous interventional procedures for restoring 
patency [156].

Second, make better use and improve outcome of tCVC or implanted venous 
access port devices by implementing strict rules of handling and generalisation of 
catheter locking solutions [157].
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Third, assess clinical value of minimally invasive procedures such as percutane-
ous creation of VA [158, 159].

Fourth, use medication either with systemic or local action to prevent thrombo-
sis, to reduce neointimal proliferation leading to stenosis [160–162].

Fifth, evaluate performance and outcome of bioengineered VA conduit based 
on vascular matrix formation and autologous cell seeding as part of regenerative 
medicine [19, 163].

Next to the medical future outlook, the economic perspective should also be 
considered, reviewing the bottom part of the value-based healthcare equation 
where value “is defined as the health outcomes achieved per dollar spent” [148]. 
Two systematic reviews (one focused on VA creation and the other on VA main-
tenance) identified a total of ~15 economic evaluations and/or cost and resource 
use analyses. As from a medical perspective, AVF is concluded to be the most 
cost-effective VA type for HD patients [164]. Nevertheless, the number of studies 
identified, and the level of evidence currently available shows a clear gap in knowl-
edge to come to a solid conclusion from a health economic point of view. Especially, 
the total patient life cycle with regards to costs is not clearly mapped including the 
identification of: downstream costs, costs of adverse events, associated costs of 
patency rates and long-term consequences in effectiveness of the HD treatment.

Finally, there is one additional component that would need to be tackled which 
is the health system set up in general around transition management for CKD 
patients including VA placement and maintenance. According to Porter, healthcare 
needs to be structured based on meaningful outcomes to patients to maximise the 
value that is delivered in the end [165]. As part of this structure, episodic treatment 
should be transferred to bundling therapies under the responsibility of one provider 
[165]. Translating this to renal care would entail to include VA placement and 
management in the dialysis reimbursement bundle, which is already the case in, for 
example, USA, Portugal and Spain.

The reason for this reorganisation is especially needed as currently approxi-
mately 32–73% of the CKD patient population experiences an unplanned start of 
dialysis [166–169]. This unplanned start leads to the use of the least optimal VA type 
(CVC) rather than AVF as this requires a 6-month maturity phase. This suboptimal 
start is caused by a lack of screening and diagnosis of CKD patients in time, as 
these patients are first seen by a general practitioner (GP) rather than a nephrolo-
gist [170]. Hence, awareness/educational measures toward GPs could also be one 
of the future outlooks from a health policy perspective to improve VA practice and 
consequently the lifecycle of HD patients.

In conclusion, the outlook for the future for VA practice is promising and has 
potential to improve significantly from multiple perspectives (medical, economic, 
health system, etc.). A collaboration and partnership between these disciplines would 
create an understanding and clear roadmap for next steps to put these into practice.

8. Conclusion

VA is an essential component of renal replacement therapy in ESKD patients. 
VA is currently referred to the life line of dialysis-dependent patient. Dialysis access 
relies on two main options: arteriovenous shunt (autologous AVF and AV graft); 
veno-venous access (tunnelled catheter and venous port device). AVFs are still the 
preferred VA option associated with best outcomes, higher performances and lower 
morbidity. Various innovative and quite interesting options, including minimally 
invasive percutaneous creation of AVFs and implantation of bioengineered vascular 
conduit deserve further clinical studies to enter in the VA armamentarium. VA 
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performance is a key factor to drive success of extracorporeal renal replacement 
treatment. Furthermore, VA dysfunction and/or morbidity (stenosis, thrombosis 
and infection) are a source of frequent hospitalisation and corrective procedures. 
VA management in CKD patient is of tremendous importance in the overall qual-
ity care of dialysis patients. VA care and outcome are greatly improved in a large 
dialysis care provider network by means of a referent VAC and continuous quality 
improvement program [171].
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Chapter 3

Endovascular Aortic Aneurysm 
Repair in Patients with Aortoiliac 
Occlusive Disease
Kevin D. Mangum, Arash Fereydooni and Naiem Nassiri

Abstract

Although endovascular aortic aneurysm repair (EVAR) has become an attrac-
tive, minimally invasive option for patients with abdominal aortic aneurysms 
(AAA), significant challenges in arterial access exist in patients with concomitant 
aortoiliac occlusive disease (AIOD), particularly for more advanced TASC C and 
D lesions. Under these circumstances, endograft delivery is possible but requires 
extensive preoperative planning and intraoperative techniques including but not 
limited to surgical conduit creation, plain balloon angioplasty, endoconduit place-
ment, and subintimal recanalization. Newer generation aortic endografts have also 
shown promise in accommodating compromised access vessels. Concomitant AIOD 
and compromised access vessels complicate EVAR and increase operative time 
and complexity. Therefore, extreme caution, meticulous preoperative planning, 
familiarity and facility with the various surgical and endovascular options needed 
to circumvent these obstacles are essential for safe and effective delivery of EVAR in 
this high-risk subset of patients. The purpose of this chapter is to present standard 
approaches for access in patients undergoing EVAR; discuss how advanced AIOD 
precludes routine access; and present various methods to overcome difficult access 
in patients undergoing EVAR.

Keywords: abdominal aortic aneurysm, endovascular aortic aneurysm repair, 
aortoiliac occlusive disease, endograft, aorta, iliac artery, femoral artery, access, 
endoconduit

1. Introduction

Endovascular aortic aneurysm repair (EVAR) has expanded to more than 75% 
of elective abdominal aortic aneurysm (AAA) repairs due to its lower perioperative 
complication and high technical success rate [1, 2]. Despite its advantages, however, 
there are specific limitations that preclude EVAR delivery, making open AAA 
repair a more suitable option for select patients. In general, patient age and overall 
health are important considerations in deciding between EVAR versus open repair. 
Anatomic factors may also limit use of EVAR in select patients, and one of the single 
most important of these is proximal neck anatomy [3]. Unsuitable, hostile proximal 
neck features include angulation of ≥60°, neck length ≤ 10 mm, focal bulge in the 
neck >3 mm, and thrombus involving ≥50% of the aortic diameter—all common 
EVAR limiting factors [4]. In addition, access related issues due to atherosclerotic 
occlusive disease remain major barriers to EVAR as up to 36% of patients with AAA 
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suffer from some degree of aortoiliac occlusive disease (AIOD) [5]. Concomitant 
AIOD may preclude EVAR in 6–15.4% of patients [6, 7]. The current Trans-Atlantic 
Inter-Society Consensus (TASC) guidelines consider an aneurysm in combination 
with a significant iliac artery stenosis or occlusion a TASC D lesion, and open surgi-
cal repair is suggested for these patients [8]. However, open repair is still associated 
with an in-hospital mortality rate of approximately 4%, particularly in this high-
risk subset of patients with significant comorbidities that are associated with their 
peripheral arterial disease [9]. This combination of factors makes patients with 
AAA and AIOD even higher-risk candidates for open surgery.

Within the subset of patients with AAA and concomitant AIOD, about 15% 
require adjunctive access-related procedures to facilitate EVAR [10]. Furthermore, 
previously stented iliofemoral vessels are increasingly encountered and pose 
significant technical challenges for endovascular access and EVAR limb durability 
[11]. Overall, access-related complications—such as dissection and rupture—at the 
time of EVAR approach 10% compared to 15% in patients with concomitant AIOD 
[12]. Even though there has been a general reduction in device size in recent years 
compared with older generation aortic endoprostheses, some of the commonly used 
devices and most branched and fenestrated repair endovascular systems continue 
to require larger-diameter sheaths and delivery conduits. There are currently 
no clinical guidelines delineating the optimal therapy in patients with AAA and 
concomitant AIOD. Thus, familiarity with various techniques that can overcome 
compromised access vessels is essential for the modern-day vascular surgeon. These 
techniques have been developed to circumvent previously prohibitive anatomy and 
are discussed in this chapter. The emphasis herein will be on less invasive endovascu-
lar means of facilitating access in patients with compromised aortoiliac anatomy in 
the setting of AAA.

2. Access

2.1 Surgical access

The common femoral artery (CFA) is the most commonly accessed site for 
EVAR and has traditionally been approached via surgical cutdown. Typically, an 
incision is made parallel to and approximately two-finger breadths inferior to the 
inguinal ligament at the midway point between the anterior superior iliac spine and 
the pubic symphysis overlying the femoral pulse if palpable [13]. The superficial 
femoral fascia (contiguous with Scarpa’s fascia) is divided obliquely, while the deep 
femoral fascia is divided parallel to femoral artery.

In cases of severely diseased or occluded CFAs, focal endarterectomy with patch 
angioplasty may be necessary prior to or immediately after EVAR to avoid limb-
threatening ischemia and to facilitate EVAR delivery. Longitudinal skin incisions 
extending inferiorly from the inguinal ligament distally to the femoral bifurcation 
are preferred under these circumstances to facilitate adequate endarterectomy with 
profundaplasty if necessary. The proximal superficial femoral artery (SFA)—if 
patent and relatively disease-free—might be another option for access in cases of 
compromised CFAs or hostile groins. In such cases, the SFA is accessed via direct 
surgical cutdown along the medial border of the sartorius muscle [14].

2.2 Percutaneous access

Percutaneous access for EVAR was initially described in 1999, when the Prostar 
XL device (Abbot Vascular, Abbott Park, IL) was used for suture-mediated closure 
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of femoral arteries [15]. The device is indicated for closure of vessels after percu-
taneous access of up to 10 Fr. If required, multiple devices can be used for larger 
caliber access closure [16].

The more popular Perclose ProGlide device (Abbot Vascular, Abbott Park, IL) is 
indicated for femoral access closure of up to 8 Fr for each closure device. It differs 
from the Prostar XL device in that it uses a single monofilament polypropylene 
suture instead of two braided polyester sutures. Multiple Perclose devices can be 
used to achieve closure for larger caliber arteriotomies up to 24 Fr inner diameter. 
This is achieved by deploying Perclose devices 45° clockwise and counterclockwise 
relative to the initially deployed device at the 12 o’clock position [17]. If needed, 
additional Perclose devices can be deployed for adequate hemostasis as long as wire 
access is maintained throughout the serial deployment process.

A recent meta-analysis of outcomes of percutaneous EVAR showed a technical 
success rate (defined as freedom from additional perioperative procedures) of 93%. 
There was an increased risk of conversion to cutdown when using sheaths ≥20 Fr [18]. 
Notably, both severe or anterior common femoral calcification and small access vessel 
diameter (<5 mm) have been associated with failed percutaneous access [18, 19]. In 
our own experience, we have found extreme iliac vessel tortuosity to be another pre-
dictor of unsuccessful percutaneous EVAR, given difficulty in closure device tracking 
and proper deployment of the footplate. To date, there has been no appropriately pow-
ered prospective, randomized study comparing percutaneous suture-mediated closure 
devices to open cutdown in EVAR. For now, a higher threshold for a total percutaneous 
approach and a readily available conversion mechanism to open surgical cutdown is 
advisable, particularly if one or more anatomically limiting factors are present.

3. Challenging access

3.1 Predicting access difficulty

In order to prevent inadvertent arterial injury and to avoid emergent measures, 
evaluation of the caliber and disease burden of all access vessels should be per-
formed preoperatively based on adequate contrast-enhanced imaging. While com-
puted tomography angiography (CTA) remains the preoperative imaging modality 
of choice, compromised access vessels may require catheter-directed angiography 
for pre-operative evaluation and/or treatment of access-related disease in anticipa-
tion of EVAR and for more appropriate device selection. The latter should be, in 
part, based on access vessel considerations such as patency, diameter, tortuosity, 
and severity of calcification. This is particularly important in older patients who 
have calcified, minimally elastic vessels and cannot tolerate excessive oversizing or 
stretching of the access vessels [20]. The minimum access vessel diameter require-
ment varies considerably based on the EVAR device manufacturer and the instruc-
tions for use (IFUs) for each particular device. A list of some of the commonly used 
endografts and their required iliac artery diameter has been provided in Table 1.

3.2 Conduit selection

Choice of conduit for EVAR delivery in the setting of AIOD is based on indi-
vidual anatomy and disease severity. In general, TASC A and B disease may be 
amenable to simple balloon angioplasty of stenotic iliac arteries, after which the 
aortic endograft and/or required delivery sheath can be advanced. We caution 
against repeat balloon angioplasty and the use of oversized balloons due to associ-
ated life-threatening rupture that may result. In situations where simple angioplasty 
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suture instead of two braided polyester sutures. Multiple Perclose devices can be 
used to achieve closure for larger caliber arteriotomies up to 24 Fr inner diameter. 
This is achieved by deploying Perclose devices 45° clockwise and counterclockwise 
relative to the initially deployed device at the 12 o’clock position [17]. If needed, 
additional Perclose devices can be deployed for adequate hemostasis as long as wire 
access is maintained throughout the serial deployment process.

A recent meta-analysis of outcomes of percutaneous EVAR showed a technical 
success rate (defined as freedom from additional perioperative procedures) of 93%. 
There was an increased risk of conversion to cutdown when using sheaths ≥20 Fr [18]. 
Notably, both severe or anterior common femoral calcification and small access vessel 
diameter (<5 mm) have been associated with failed percutaneous access [18, 19]. In 
our own experience, we have found extreme iliac vessel tortuosity to be another pre-
dictor of unsuccessful percutaneous EVAR, given difficulty in closure device tracking 
and proper deployment of the footplate. To date, there has been no appropriately pow-
ered prospective, randomized study comparing percutaneous suture-mediated closure 
devices to open cutdown in EVAR. For now, a higher threshold for a total percutaneous 
approach and a readily available conversion mechanism to open surgical cutdown is 
advisable, particularly if one or more anatomically limiting factors are present.

3. Challenging access

3.1 Predicting access difficulty

In order to prevent inadvertent arterial injury and to avoid emergent measures, 
evaluation of the caliber and disease burden of all access vessels should be per-
formed preoperatively based on adequate contrast-enhanced imaging. While com-
puted tomography angiography (CTA) remains the preoperative imaging modality 
of choice, compromised access vessels may require catheter-directed angiography 
for pre-operative evaluation and/or treatment of access-related disease in anticipa-
tion of EVAR and for more appropriate device selection. The latter should be, in 
part, based on access vessel considerations such as patency, diameter, tortuosity, 
and severity of calcification. This is particularly important in older patients who 
have calcified, minimally elastic vessels and cannot tolerate excessive oversizing or 
stretching of the access vessels [20]. The minimum access vessel diameter require-
ment varies considerably based on the EVAR device manufacturer and the instruc-
tions for use (IFUs) for each particular device. A list of some of the commonly used 
endografts and their required iliac artery diameter has been provided in Table 1.

3.2 Conduit selection

Choice of conduit for EVAR delivery in the setting of AIOD is based on indi-
vidual anatomy and disease severity. In general, TASC A and B disease may be 
amenable to simple balloon angioplasty of stenotic iliac arteries, after which the 
aortic endograft and/or required delivery sheath can be advanced. We caution 
against repeat balloon angioplasty and the use of oversized balloons due to associ-
ated life-threatening rupture that may result. In situations where simple angioplasty 



Vascular Access Surgery - Tips and Tricks

64

does not seem to accommodate EVAR delivery, we recommend prophylactic covered 
stent placement prior to more aggressive angioplasty and the disruption of native 
vessel plaque. This technique provides a control mechanism if rupture occurs 
during angioplasty. For angioplasty alone, balloon diameter should not exceed the 
native vessel adventitia-to-adventitia diameter. Meticulous maintenance of guide 
wire access as well as immediately available balloon occlusion catheters and appro-
priately sized covered stents are strongly recommended at the time of angioplasty.

More advanced TASC C & D lesions often require a more comprehensive 
planning for safe and effective EVAR delivery. While open aortic surgery remains 

Stent-graft Graft diameter 
(mm)

Introducer 
sheath (F)

Access (outer) diameter 
(mm)

Abdominal aortic endograft

Zenith Flex (Cook) 22–26 18 7.1

28–32 20 7.7

36 22 8.5

Excluder (Gore) 23–28 18 7.0

31 20 7.6

Endurant II (Medtronic) 23–28 18* 7

32–36 20* 7.6

AFX (Endologix) 22–28 17 6.5

Ovation (Endologix) 20–29 14 4.5

34 15 4.5

Nellix (Endologix) 18–28 17 7

Thoracic aortic endograft

Zenith Alpha (Cook) 24–30 16 6

32–38 18 7.1

40–44 20 7.7

TAG/C-TAG (Gore) 21 18 6.7

26–28 20 7.5

31–34 22 8.2

37–45 24 8.8

Relay plus (Bolton) 22–32 22–23 8.3–8.7

32–34 23–24 8.7–9.2

36–40 24–25 9.2–9.3

42 25 9.3

44 25–26 9.3–9.5

46 26 9.5

Valiant (Medtronic) 22–32 22* 8.3

34–40 24* 9.2

42–46 25* 9.3

Table 1. 
List of current abdominal and thoracic aortic endografts and their size specifications. *Represents outer 
diameter (OD) measurement (not sheath size) for Medtronic devices.
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a consideration in these patients, high risk candidates warrant consideration for 
creative and less invasive endovascular approaches [21].

3.3 Surgical conduits

Open surgical conduits provide the advantage of larger conduits for device 
delivery and surgically exposed access for repair of any inadvertent arterial injury. 
Most surgical conduits are created at the distal common or proximal external iliac 
artery (EIA) using a lower retroperitoneal incision. The ideal strategy depends 
on the status of the iliac arteries (e.g., calcification and patency of internal iliac 
arteries) and the surgical risk for each individual patient. Most patients can toler-
ate a retroperitoneal exposure. However, this is a less ideal option in patients with 
hostile anatomy, prior surgery or radiation, retroperitoneal fibrosis, or in those 
with extensive comorbidities [20]. Standard surgical precautions should be taken to 
avoid ureteral injury and sympathetic plexus injury on the left side in men. Despite 
their advantages, however, surgical conduits should be used judiciously, given their 
reported association with longer operative times, hernias, prosthetic remnant infec-
tion, and prolonged recovery [22].

Although the common iliac artery (CIA) can be directly accessed with a sheath, 
a conduit often simplifies the procedure and provides increased availability of the 
iliac landing zone for EVAR. In creating the conduit, first the iliac arteries are con-
trolled, and then a longitudinal arteriotomy is made anteriorly extending from the 
distal common to the external iliac artery [20]. A 10-mm Dacron graft is spatulated 
and anastomosed end-to-side to the native vessel. Of note, Fogarty occlusion bal-
loon is a useful adjunct for vessel control in cases where severe calcification of the 
iliac arteries precludes safe and adequate surgical clamping [20].

A stab incision can be performed in the lower abdominal wall to exteriorize 
the conduit [23]. If there is severe external iliac occlusive disease, the conduit can 
be tunneled under the inguinal ligament to a counter incision in the groin to be 
converted to an iliofemoral bypass at the completion of the case [14]. This maneu-
ver is also suitable for cases with planned repeat interventions in the future. Access 
is established via direct graft puncture after clamping and stabilizing the external-
ized distal end of the graft. Upon completion of the procedure, the conduit can be 
ligated and oversewn near the anastomosis leaving a short stump.

In cases with anticipated prolonged lower extremity ischemia time and patients 
with severe aortoiliac and profunda femoral disease, a temporary femoral artery 
conduit can be used to minimize lower extremity ischemia—reperfusion. A 10-mm 
femoral conduit is anastomosed end-to-side to the CFA using a standard oblique 
or longitudinal groin incision. The conduit allows periodic withdrawal of occlusive 
sheaths with restoration of flow while maintaining guide-wire access [20].

In cases with planned staged interventions for extensive thoracoabdominal 
repairs, permanent iliofemoral conduits are better options to avoid redo retroperito-
neal exposure. Depending on patient anatomy and the extent of iliofemoral disease, 
there are several possible configurations. Iliofemoral bypass can be created from the 
distal CIA or proximal EIA to the proximal CFA, with access established into the 
graft after flow is restored to lower extremity [20].

Although direct iliac exposure might allow for better control of iliac injury, it is 
not without complications. In a study of 15,082 patients who underwent infrarenal 
EVAR from 2005 to 2012, 147 (1%) required iliac conduit or direct iliac access 
and had a higher rate of long-term mortality. [24] Compared to standard bilateral 
femoral exposure, surgical conduits also have a 1.8-fold increase in perioperative 
complications and a 1.5-day increase in length of hospital stay, but have no statisti-
cally significant difference in early mortality [25]. Furthermore, compared to 
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a consideration in these patients, high risk candidates warrant consideration for 
creative and less invasive endovascular approaches [21].

3.3 Surgical conduits

Open surgical conduits provide the advantage of larger conduits for device 
delivery and surgically exposed access for repair of any inadvertent arterial injury. 
Most surgical conduits are created at the distal common or proximal external iliac 
artery (EIA) using a lower retroperitoneal incision. The ideal strategy depends 
on the status of the iliac arteries (e.g., calcification and patency of internal iliac 
arteries) and the surgical risk for each individual patient. Most patients can toler-
ate a retroperitoneal exposure. However, this is a less ideal option in patients with 
hostile anatomy, prior surgery or radiation, retroperitoneal fibrosis, or in those 
with extensive comorbidities [20]. Standard surgical precautions should be taken to 
avoid ureteral injury and sympathetic plexus injury on the left side in men. Despite 
their advantages, however, surgical conduits should be used judiciously, given their 
reported association with longer operative times, hernias, prosthetic remnant infec-
tion, and prolonged recovery [22].

Although the common iliac artery (CIA) can be directly accessed with a sheath, 
a conduit often simplifies the procedure and provides increased availability of the 
iliac landing zone for EVAR. In creating the conduit, first the iliac arteries are con-
trolled, and then a longitudinal arteriotomy is made anteriorly extending from the 
distal common to the external iliac artery [20]. A 10-mm Dacron graft is spatulated 
and anastomosed end-to-side to the native vessel. Of note, Fogarty occlusion bal-
loon is a useful adjunct for vessel control in cases where severe calcification of the 
iliac arteries precludes safe and adequate surgical clamping [20].

A stab incision can be performed in the lower abdominal wall to exteriorize 
the conduit [23]. If there is severe external iliac occlusive disease, the conduit can 
be tunneled under the inguinal ligament to a counter incision in the groin to be 
converted to an iliofemoral bypass at the completion of the case [14]. This maneu-
ver is also suitable for cases with planned repeat interventions in the future. Access 
is established via direct graft puncture after clamping and stabilizing the external-
ized distal end of the graft. Upon completion of the procedure, the conduit can be 
ligated and oversewn near the anastomosis leaving a short stump.

In cases with anticipated prolonged lower extremity ischemia time and patients 
with severe aortoiliac and profunda femoral disease, a temporary femoral artery 
conduit can be used to minimize lower extremity ischemia—reperfusion. A 10-mm 
femoral conduit is anastomosed end-to-side to the CFA using a standard oblique 
or longitudinal groin incision. The conduit allows periodic withdrawal of occlusive 
sheaths with restoration of flow while maintaining guide-wire access [20].

In cases with planned staged interventions for extensive thoracoabdominal 
repairs, permanent iliofemoral conduits are better options to avoid redo retroperito-
neal exposure. Depending on patient anatomy and the extent of iliofemoral disease, 
there are several possible configurations. Iliofemoral bypass can be created from the 
distal CIA or proximal EIA to the proximal CFA, with access established into the 
graft after flow is restored to lower extremity [20].

Although direct iliac exposure might allow for better control of iliac injury, it is 
not without complications. In a study of 15,082 patients who underwent infrarenal 
EVAR from 2005 to 2012, 147 (1%) required iliac conduit or direct iliac access 
and had a higher rate of long-term mortality. [24] Compared to standard bilateral 
femoral exposure, surgical conduits also have a 1.8-fold increase in perioperative 
complications and a 1.5-day increase in length of hospital stay, but have no statisti-
cally significant difference in early mortality [25]. Furthermore, compared to 
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percutaneous access, iliac exposure is associated with increased overall morbidity, 
operative time, intraoperative transfusion, and length of stay [14].

3.4 Alternative adjunctive techniques

Yano et al. reported that 50 of 390 patients (12%) undergoing EVAR required 
adjunctive maneuvers for endograft delivery [10]. Several adjunctive maneuvers have 
been proposed for patients with compromised and/or tortuous iliac arteries to facilitate 
EVAR [26]. Infrainguinal mobilization and “pull-down” of redundant external iliac 
arteries as well as lower abdominal manual compression during device advancement 
have been reported [20]. Alternatively, snared brachial-femoral wire access allows for a 
“body-floss” effect to stabilize the advancement of the delivery system through acutely 
angulated, redundant iliac arteries [27, 28]. For the brachial-femoral technique, it is 
useful to have an extended shaft brachial sheath to prevent the wire from transecting 
the subclavian-aortic junction or other angulated arterial segments [22].

Serial dilatation of the iliac artery with rigid dilators can be attempted, but 
application of excessive force should be avoided. Using this approach, an endovascu-
lar dilator set (Cook Medical, Bloomington, Indiana) consisting of dilators ranging 
from 14 to 26 Fr may be used to gradually dilate narrow, diseased iliac arteries [29]. 
Alternatively, a Solopath (Terumo, Somerset, NJ) balloon-expandable sheath can 
also be used in select cases where tortuosity and plaque is the main limiting factor 
[20]. The malleable design and hydrophilic coating of the sheath enable smooth 
tracking through narrowed vessels while the expandable balloon dilates stenosis [30].

3.5 Endoconduits

Increased morbidity with surgical conduits has led to the development of endovas-
cular measures that facilitate EVAR in the setting of compromised access vessels [31]. 
Stents or stent-grafts are used to dilate atretic iliac arteries, correct any underlying 
occlusive disease, and/or over-dilate the artery beyond its baseline-limited caliber. 
First described in a series of five patients in 2001, this technique involved sewing a 
6-mm expanded polytetrafluoroethylene graft to a stent and backloading the device 
into a 6F sheath [10]. The stent portion of the device was deployed across the inter-
nal iliac artery (IIA) and the prosthetic portion across the external iliac artery. The 
prosthetic portion was exteriorized through the femoral artery, and a noncompliant 
balloon was used to dilate the external iliac artery from within the graft.

Later in 2007, the “pave and crack” technique was introduced. Common and 
external iliac arteries were lined with 10-mm balloon expandable or self-expanding 
stents, and the stents were then dilated to 9–12 mm to create a controlled rupture 
[32]. In a similar technique, a 12-mm Excluder contralateral iliac limb (Gore, 
Flagstaff, AZ) was deployed from the common iliac extending into the proximal 
common femoral artery [33]. For this technique, it has been recommended to dilate 
the endoconduit to approximately 2 mm larger than the outer diameter of the 
intended endoprosthesis to allow for successful device delivery.

When planned and performed properly, endovascular conduits can be less inva-
sive and have shorter procedural and recovery times compared to surgical conduits. 
Risks—such as stent dislodgement, coverage of internal iliac artery, and rupture—can 
be largely avoided with a measured, planned approach; appropriate device selection 
based on anatomic considerations; as well as familiarity with the nuances of the cho-
sen EVAR device, its specific IFUs, and delivery apparatus. At times, a staged approach 
to endoconduit delivery—comprised of iliofemoral revascularization using covered 
stents with or without concomitant femoral endarterectomy followed by EVAR at a 
later date—may be necessary. The staged approach allows for stent incorporation, 
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minimizing the risk of stent dislodgement, and development of collateral network 
in cases of intentional branch vessel occlusion. Furthermore, bifurcated unibody 
endografts or aorto-uni-iliac stent grafts may be chosen to overcome certain anatomic 
configurations; the former is particularly useful in the setting of a diseased, narrow 
distal aortic domain and may be the best option for avoidance of iliac limb occlusion.

Our covered stent of choice for endoconduit creation is the Viabahn stent-
graft (Gore, Flagstaff, AZ). This technique was first described in 2009 using a 
13 mm × 10 cm Viabahn dilated to 12 mm and an 8 mm × 5 cm Viabahn dilated to 
8 mm [34, 35]. If the common iliac artery is larger than 13 mm, a tapered 16–12 mm 
Excluder iliac limb (Gore, Flagstaff, AZ) can be used [20]. More recently, the Gore 
VBX balloon-expandable covered stent system has been introduced [36]. The L con-
figuration of this stent graft allows for post-dilation of up to 16-mm diameter. It has 
become our stent graft of choice for more aggressive post-dilation of compromised 
iliac arteries. In general, balloon expandable covered stents are used proximally in 
less mobile ostial locations, while flexible self-expanding covered stents are better 
choices distally in the external iliac arteries and more tortuous vessels due to their 
greater flexibility (Figures 1 and 2).

Figure 1. 
(A) Diffusely diseased bilateral common and external iliac arteries precluding device advancement. (B, C) 
Endoconduits were created bilaterally with proximal VBX balloon expandable covered stents (Gore, Flagstaff, AZ), 
followed distally by self-expanding Viabahns (Gore, Flagstaff, AZ) extending into the proximal CFAs bilaterally. 
(C) Note the preserved patency of the right IIA. Post deployment angioplasty was performed with oversized 
balloons to facilitate easy (D) advancement and (E) deployment of an Endurant II aortic endograft (Medtronic, 
Minneapolis, Minnesota) and associated iliac limbs. (F) Completion angiogram demonstrated complete exclusion of 
the aneurysm sac without endoleak and unimpeded flow through the newly revascularized bilateral iliac arteries.
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occlusive disease, and/or over-dilate the artery beyond its baseline-limited caliber. 
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into a 6F sheath [10]. The stent portion of the device was deployed across the inter-
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Later in 2007, the “pave and crack” technique was introduced. Common and 
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stents, and the stents were then dilated to 9–12 mm to create a controlled rupture 
[32]. In a similar technique, a 12-mm Excluder contralateral iliac limb (Gore, 
Flagstaff, AZ) was deployed from the common iliac extending into the proximal 
common femoral artery [33]. For this technique, it has been recommended to dilate 
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intended endoprosthesis to allow for successful device delivery.
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sive and have shorter procedural and recovery times compared to surgical conduits. 
Risks—such as stent dislodgement, coverage of internal iliac artery, and rupture—can 
be largely avoided with a measured, planned approach; appropriate device selection 
based on anatomic considerations; as well as familiarity with the nuances of the cho-
sen EVAR device, its specific IFUs, and delivery apparatus. At times, a staged approach 
to endoconduit delivery—comprised of iliofemoral revascularization using covered 
stents with or without concomitant femoral endarterectomy followed by EVAR at a 
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minimizing the risk of stent dislodgement, and development of collateral network 
in cases of intentional branch vessel occlusion. Furthermore, bifurcated unibody 
endografts or aorto-uni-iliac stent grafts may be chosen to overcome certain anatomic 
configurations; the former is particularly useful in the setting of a diseased, narrow 
distal aortic domain and may be the best option for avoidance of iliac limb occlusion.

Our covered stent of choice for endoconduit creation is the Viabahn stent-
graft (Gore, Flagstaff, AZ). This technique was first described in 2009 using a 
13 mm × 10 cm Viabahn dilated to 12 mm and an 8 mm × 5 cm Viabahn dilated to 
8 mm [34, 35]. If the common iliac artery is larger than 13 mm, a tapered 16–12 mm 
Excluder iliac limb (Gore, Flagstaff, AZ) can be used [20]. More recently, the Gore 
VBX balloon-expandable covered stent system has been introduced [36]. The L con-
figuration of this stent graft allows for post-dilation of up to 16-mm diameter. It has 
become our stent graft of choice for more aggressive post-dilation of compromised 
iliac arteries. In general, balloon expandable covered stents are used proximally in 
less mobile ostial locations, while flexible self-expanding covered stents are better 
choices distally in the external iliac arteries and more tortuous vessels due to their 
greater flexibility (Figures 1 and 2).

Figure 1. 
(A) Diffusely diseased bilateral common and external iliac arteries precluding device advancement. (B, C) 
Endoconduits were created bilaterally with proximal VBX balloon expandable covered stents (Gore, Flagstaff, AZ), 
followed distally by self-expanding Viabahns (Gore, Flagstaff, AZ) extending into the proximal CFAs bilaterally. 
(C) Note the preserved patency of the right IIA. Post deployment angioplasty was performed with oversized 
balloons to facilitate easy (D) advancement and (E) deployment of an Endurant II aortic endograft (Medtronic, 
Minneapolis, Minnesota) and associated iliac limbs. (F) Completion angiogram demonstrated complete exclusion of 
the aneurysm sac without endoleak and unimpeded flow through the newly revascularized bilateral iliac arteries.
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Figure 2. 
(A) Three-dimensional reconstruction of the pre-operative CTA showing a juxtarenal abdominal aortic 
aneurysm with severe calcified stenosis of the bilateral common and external iliac arteries and occluded distal 
bilateral internal iliac arteries. (B) Flush abdominal aortography with bilateral iliofemoral runoff delineates 
shape and configuration of the aneurysm and confirms (C, D) the bilateral iliac disease burden. (E, F) 
Endoconduits were created using VBX balloon-expandable and Viabahn self-expanding covered stents (Gore, 
Flagstaff, AZ) bilaterally. The former are placed in the more proximal aspects of the diseased iliac arteries, 
while the latter are placed in the more mobile distal aspects of the iliac arteries to better accommodate hip 
flexion. Post-deployment angioplasty is an essential maneuver to ensure adequate endoconduit lumen diameter 
for advancing the device and to minimize risk of stent dislodgement during endograft delivery (G). Completion 
angiogram demonstrated complete exclusion of the AAA and a widely patent aortic endograft, CIAs, EIAs and 
left IIA without endoleak or kinks.

For advanced occlusive iliac lesions, covered stents are preferred over bare metal 
stents (BMS). The seminal COBEST study demonstrated that covered and BMS pro-
duced similar results for TASC B lesions; while for TASC C and D disease, covered 
stents had better long-term patency rates and lower reintervention rates [37]. Other 
advantages of covered stents over BMS include minimized in-stent neointimal 
hyperplasia and decreased risk of arterial perforation [38].

3.6 Angioplasty

Plain balloon angioplasty is favored as first-line strategy for low TASC-grade 
stenotic disease. We generally use 7–8-mm ultra-noncompliant balloons for passage 
of sheaths up to 18 Fr; 10-mm balloons for sheaths up to 22 Fr; and 12-mm balloons 
for 24 Fr sheaths.

When delivering devices that are not preloaded in sheaths, passage of the 
sheath dilator alone as the next step after ultra-noncompliant angioplasty of iliac 
occlusive disease is recommended [14]. The diameter of the dilator should be equal 
to or greater than the diameter of the anticipated endograft delivery mechanism. 
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Following this initial dilator passage step, the sheath and dilator are advanced 
together into the distal aorta. If the sheath meets obstruction, it is left in place, the 
dilator is removed, and the endograft is advanced “bareback” for the remaining 
length. Overdilating uncovered diseased or normal vessels to overcome a basic size 
mismatch is strongly discouraged due to risk of rupture. In such situations, endo-
conduits are better options, as they permit adequate angioplasty without risking 
iliac artery rupture in an uncontrolled fashion [10, 39]. When adequate distal and 
proximal seal is achieved via endoconduit creation, more aggressive angioplasty can 
be performed with lower risk for catastrophic hemorrhage [33].

3.7 Intraluminal or subintimal recanalization

Historically, in cases of severely diseased or occluded unilateral iliac arteries, 
aorto-uni-iliac stent-graft deployment with femoral-femoral bypass is performed 
[40, 41]. However, randomized trials have demonstrated approximately 20% lower 
long-term patency for femoral-femoral bypass compared to endovascular recon-
struction in cases of unilateral iliac occlusive disease [42]. For EVAR, the aorto-
uni-iliac configuration is also associated with inferior early and midterm outcomes 
as well as increased risk of graft infection [43, 44]. Therefore, in appropriately 
selected elective cases, intraluminal or subintimal recanalization from either 
brachial or femoral approach can be considered as alternative means of facilitating 
bifurcated EVAR device delivery [21]. Of note, successful subintimal recanalization 
has been described to facilitate bifurcated endograft placement in the presence of 
bilateral common iliac occlusive disease, making it an appropriate EVAR delivery 
method in select patients [14].

3.8 New generation of aortic endografts

The newest generation of ultra-low profile endografts allows for the treatment 
of AAAs in patients who were previously not candidates because of diseased and/or 
small access vessels. The Ovation Prime (Endologix, Irvine, California) stent graft 
system is delivered through a 14-Fr sheath. In the Ovation international pivotal 
trial, 40% of patients treated had access vessels smaller than 6 mm—the smallest 
access vessel was 4.7 mm in diameter—with a reported technical success rate of 
100%; [45, 46]. Other low-profile devices currently in development or with limited 
approved use in the United States are the Incraft (Cordis Corp., Bridgewater, NJ) 
13–15 Fr delivery system and the Zenith Low Profile (Cook Medical, Bloomington, 
IN) 16-Fr delivery system [47].

The AFX bifurcated unibody aortic endograft (Endologix, Irvine, California)—
FDA-approved for EVAR—has also been successful in treating TASC D AIOD 
lesions with primary and assisted primary patency rates of 91 and 97% at 1 year, 
respectively (Figure 3) [48]. Unlike traditional modular bifurcated aortic endo-
grafts with fixation points at the infrarenal proximal aortic neck, the AFX is fixed 
at the aortic bifurcation [49]. Furthermore, it is delivered through a 17-Fr ipsilateral 
and a 9-Fr contralateral sheath facilitating advancement and deployment in heavily 
calcified, small-caliber iliac arteries [49]. In a recent study, the AFX unibody stent 
was successfully used in the treatment of TASC C/D lesions in patients with con-
comitant AAA [50]. At 1-year follow-up, no adverse events were reported; however, 
two patients required stenting of their EIAs due to worsening disease [50].

The Nellix Endovascular sealing system (Endologix, Irvine, California) is an 
investigational device that has a femoral access diameter requirement of at least 
7-mm and involves injecting a biostable polyethylene glycol polymer into “endo-
bags,” which allow exclusion of the aneurysm and prevention of type 2 endoleaks 
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aneurysm with severe calcified stenosis of the bilateral common and external iliac arteries and occluded distal 
bilateral internal iliac arteries. (B) Flush abdominal aortography with bilateral iliofemoral runoff delineates 
shape and configuration of the aneurysm and confirms (C, D) the bilateral iliac disease burden. (E, F) 
Endoconduits were created using VBX balloon-expandable and Viabahn self-expanding covered stents (Gore, 
Flagstaff, AZ) bilaterally. The former are placed in the more proximal aspects of the diseased iliac arteries, 
while the latter are placed in the more mobile distal aspects of the iliac arteries to better accommodate hip 
flexion. Post-deployment angioplasty is an essential maneuver to ensure adequate endoconduit lumen diameter 
for advancing the device and to minimize risk of stent dislodgement during endograft delivery (G). Completion 
angiogram demonstrated complete exclusion of the AAA and a widely patent aortic endograft, CIAs, EIAs and 
left IIA without endoleak or kinks.

For advanced occlusive iliac lesions, covered stents are preferred over bare metal 
stents (BMS). The seminal COBEST study demonstrated that covered and BMS pro-
duced similar results for TASC B lesions; while for TASC C and D disease, covered 
stents had better long-term patency rates and lower reintervention rates [37]. Other 
advantages of covered stents over BMS include minimized in-stent neointimal 
hyperplasia and decreased risk of arterial perforation [38].

3.6 Angioplasty

Plain balloon angioplasty is favored as first-line strategy for low TASC-grade 
stenotic disease. We generally use 7–8-mm ultra-noncompliant balloons for passage 
of sheaths up to 18 Fr; 10-mm balloons for sheaths up to 22 Fr; and 12-mm balloons 
for 24 Fr sheaths.

When delivering devices that are not preloaded in sheaths, passage of the 
sheath dilator alone as the next step after ultra-noncompliant angioplasty of iliac 
occlusive disease is recommended [14]. The diameter of the dilator should be equal 
to or greater than the diameter of the anticipated endograft delivery mechanism. 
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Following this initial dilator passage step, the sheath and dilator are advanced 
together into the distal aorta. If the sheath meets obstruction, it is left in place, the 
dilator is removed, and the endograft is advanced “bareback” for the remaining 
length. Overdilating uncovered diseased or normal vessels to overcome a basic size 
mismatch is strongly discouraged due to risk of rupture. In such situations, endo-
conduits are better options, as they permit adequate angioplasty without risking 
iliac artery rupture in an uncontrolled fashion [10, 39]. When adequate distal and 
proximal seal is achieved via endoconduit creation, more aggressive angioplasty can 
be performed with lower risk for catastrophic hemorrhage [33].

3.7 Intraluminal or subintimal recanalization

Historically, in cases of severely diseased or occluded unilateral iliac arteries, 
aorto-uni-iliac stent-graft deployment with femoral-femoral bypass is performed 
[40, 41]. However, randomized trials have demonstrated approximately 20% lower 
long-term patency for femoral-femoral bypass compared to endovascular recon-
struction in cases of unilateral iliac occlusive disease [42]. For EVAR, the aorto-
uni-iliac configuration is also associated with inferior early and midterm outcomes 
as well as increased risk of graft infection [43, 44]. Therefore, in appropriately 
selected elective cases, intraluminal or subintimal recanalization from either 
brachial or femoral approach can be considered as alternative means of facilitating 
bifurcated EVAR device delivery [21]. Of note, successful subintimal recanalization 
has been described to facilitate bifurcated endograft placement in the presence of 
bilateral common iliac occlusive disease, making it an appropriate EVAR delivery 
method in select patients [14].

3.8 New generation of aortic endografts

The newest generation of ultra-low profile endografts allows for the treatment 
of AAAs in patients who were previously not candidates because of diseased and/or 
small access vessels. The Ovation Prime (Endologix, Irvine, California) stent graft 
system is delivered through a 14-Fr sheath. In the Ovation international pivotal 
trial, 40% of patients treated had access vessels smaller than 6 mm—the smallest 
access vessel was 4.7 mm in diameter—with a reported technical success rate of 
100%; [45, 46]. Other low-profile devices currently in development or with limited 
approved use in the United States are the Incraft (Cordis Corp., Bridgewater, NJ) 
13–15 Fr delivery system and the Zenith Low Profile (Cook Medical, Bloomington, 
IN) 16-Fr delivery system [47].

The AFX bifurcated unibody aortic endograft (Endologix, Irvine, California)—
FDA-approved for EVAR—has also been successful in treating TASC D AIOD 
lesions with primary and assisted primary patency rates of 91 and 97% at 1 year, 
respectively (Figure 3) [48]. Unlike traditional modular bifurcated aortic endo-
grafts with fixation points at the infrarenal proximal aortic neck, the AFX is fixed 
at the aortic bifurcation [49]. Furthermore, it is delivered through a 17-Fr ipsilateral 
and a 9-Fr contralateral sheath facilitating advancement and deployment in heavily 
calcified, small-caliber iliac arteries [49]. In a recent study, the AFX unibody stent 
was successfully used in the treatment of TASC C/D lesions in patients with con-
comitant AAA [50]. At 1-year follow-up, no adverse events were reported; however, 
two patients required stenting of their EIAs due to worsening disease [50].

The Nellix Endovascular sealing system (Endologix, Irvine, California) is an 
investigational device that has a femoral access diameter requirement of at least 
7-mm and involves injecting a biostable polyethylene glycol polymer into “endo-
bags,” which allow exclusion of the aneurysm and prevention of type 2 endoleaks 
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[51]. It has been successfully used in unilateral and bilateral common iliac artery 
occlusive disease ranging from 70% stenosis to complete occlusion [52]. In a study 
of Nellix system in five patients who had some degree of AIOD, occluded arteries 
were pretreated with balloon-expandable covered stents to create a patent conduit 
to accommodate the Nellix endograft. The aortic endograft was deployed success-
fully in 100% of cases without any endoleak at 9 months follow-up. Notably, this 
system has also been described in one case of infrarenal aortic stenosis, indicating 
that it has wider applicability in various degrees of AIOD [53, 54].

3.9 Common complications and management

The overall perioperative and long-term complication rates in patients with 
difficult EVAR access vessels have been reported to be 12 and 6%, respectively. 
Most commonly reported complication rates in the literature include 2.6–3.6% iliac 
rupture rates, 6% arterial dissections, 1.6–4% lower extremity ischemia, and 14% 
access site hematomas [10, 28, 41].

Iliac rupture from access is the leading cause of procedure-related mortality. If 
the guide wire is still in place, artery ruptures are better managed with endovascu-
lar placement of covered stents and usually do not require conversion to an open 
procedure. If a covered stent is not immediately available, an occlusive balloon 
catheter can be inserted and insufflated proximal to the rupture to achieve relative 
hemostasis without further damage at the rupture site until a stent graft or more 
definitive means of repair is delivered. In deploying covered stents for treatment of 
inadvertent arterial rupture, it is important to achieve long proximal and distal seal 
zones as the damage to the vessel is often more extensive than suggested by angiog-
raphy [14]. A 10-cm self-expanding covered stent provides adequate proximal and 
distal seal in most cases. Iliac arteries less than 5-mm in diameter are considered to 

Figure 3. 
(A) Intraoperative angiogram showing an infrarenal abdominal aortic aneurysm with concomitant severely 
symptomatic, nearly occlusive right proximal common iliac artery and high-grade stenosis of the proximal to 
mid-left common iliac artery. Note the diffusely diseased, narrow external iliac arteries along with a narrow 
distal aortic domain—all of which render deployment of a modular bifurcated device challenging and prone 
to complications including inadequate opening of the contralateral gate and iliac limb occlusions. (B) An AFX 
bifurcated unibody endograft (Endologix, Irvine, California) is preferred under these circumstances to treat 
both the AAA and the AIOD. Completion angiogram demonstrating complete exclusion of the AAA and a 
widely patent aortic endograft, CIAs, and EIAs without endoleak or kinks.
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be more prone to rupture; therefore, prophylactic adjunctive procedures should be 
considered in these patients [41]. Almost all open iliac repairs are associated with 
postoperative morbidity [55].

The most feared complication is “iliac-artery-on-a-stick” or avulsion of the 
external iliac artery due to passage of a sheath in the setting of size mismatch. In 
most cases, the damage occurs initially with introduction of the sheath, but does not 
become obvious until the sheath is removed. This complication can be suspected when 
a large sheath suddenly advances easily after initial difficulty and can be avoided by 
proceeding with prophylactic endoconduit creation. If iliac avulsion is confirmed, an 
occlusion balloon may be left in place during sheath removal for immediate control. 
Conversion to open iliac artery exposure and endovascular reconstruction are both 
practical options. Proximally, the covered stent is bridged with stents to the aortic 
endograft. Hemorrhage from the internal iliac artery can be controlled with emboliza-
tion or intentional ostial coverage. If adequate repair of rupture requires distal exten-
sion of the stent-graft well into the CFA, surgical modification and incorporation of 
the covered stent in to the common femoral artery is recommended.

In patients undergoing branched or fenestrated aortic endovascular repairs 
(FB-EVAR), hostile iliac anatomy due to calcification, stenosis, or tortuosity does 
not significantly affect the early outcome of FB-EVAR in terms of technical success 
and 30-day mortality. However, procedures performed in patients with such charac-
teristics are technically more demanding and the adverse iliac anatomy is associated 
with reduced 3-year survival [56].

4. Conclusions

Patients with coexisting aortic aneurysms and aortoiliac occlusive disease repre-
sent a challenging subset at risk for higher perioperative and long-term complications 
rates following EVAR. Nevertheless, advancing endovascular stent graft technology 
and increased surgeon familiarity with prophylactic and bail-out techniques have 
increasingly facilitated EVAR in patients traditionally deemed unsuitable candidates 
given their compromised access vessels and iliac landing zones. Preoperative plan-
ning is essential for successful delivery of these multifaceted techniques that require 
a wide range of adjunctive equipment and preparatory maneuvers to prevent life-
threatening complications. Next generation aortic stent grafts may forego the need 
for these adjunctive modalities via lower profile delivery means.
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[51]. It has been successfully used in unilateral and bilateral common iliac artery 
occlusive disease ranging from 70% stenosis to complete occlusion [52]. In a study 
of Nellix system in five patients who had some degree of AIOD, occluded arteries 
were pretreated with balloon-expandable covered stents to create a patent conduit 
to accommodate the Nellix endograft. The aortic endograft was deployed success-
fully in 100% of cases without any endoleak at 9 months follow-up. Notably, this 
system has also been described in one case of infrarenal aortic stenosis, indicating 
that it has wider applicability in various degrees of AIOD [53, 54].
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difficult EVAR access vessels have been reported to be 12 and 6%, respectively. 
Most commonly reported complication rates in the literature include 2.6–3.6% iliac 
rupture rates, 6% arterial dissections, 1.6–4% lower extremity ischemia, and 14% 
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raphy [14]. A 10-cm self-expanding covered stent provides adequate proximal and 
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distal aortic domain—all of which render deployment of a modular bifurcated device challenging and prone 
to complications including inadequate opening of the contralateral gate and iliac limb occlusions. (B) An AFX 
bifurcated unibody endograft (Endologix, Irvine, California) is preferred under these circumstances to treat 
both the AAA and the AIOD. Completion angiogram demonstrating complete exclusion of the AAA and a 
widely patent aortic endograft, CIAs, and EIAs without endoleak or kinks.
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be more prone to rupture; therefore, prophylactic adjunctive procedures should be 
considered in these patients [41]. Almost all open iliac repairs are associated with 
postoperative morbidity [55].

The most feared complication is “iliac-artery-on-a-stick” or avulsion of the 
external iliac artery due to passage of a sheath in the setting of size mismatch. In 
most cases, the damage occurs initially with introduction of the sheath, but does not 
become obvious until the sheath is removed. This complication can be suspected when 
a large sheath suddenly advances easily after initial difficulty and can be avoided by 
proceeding with prophylactic endoconduit creation. If iliac avulsion is confirmed, an 
occlusion balloon may be left in place during sheath removal for immediate control. 
Conversion to open iliac artery exposure and endovascular reconstruction are both 
practical options. Proximally, the covered stent is bridged with stents to the aortic 
endograft. Hemorrhage from the internal iliac artery can be controlled with emboliza-
tion or intentional ostial coverage. If adequate repair of rupture requires distal exten-
sion of the stent-graft well into the CFA, surgical modification and incorporation of 
the covered stent in to the common femoral artery is recommended.

In patients undergoing branched or fenestrated aortic endovascular repairs 
(FB-EVAR), hostile iliac anatomy due to calcification, stenosis, or tortuosity does 
not significantly affect the early outcome of FB-EVAR in terms of technical success 
and 30-day mortality. However, procedures performed in patients with such charac-
teristics are technically more demanding and the adverse iliac anatomy is associated 
with reduced 3-year survival [56].

4. Conclusions

Patients with coexisting aortic aneurysms and aortoiliac occlusive disease repre-
sent a challenging subset at risk for higher perioperative and long-term complications 
rates following EVAR. Nevertheless, advancing endovascular stent graft technology 
and increased surgeon familiarity with prophylactic and bail-out techniques have 
increasingly facilitated EVAR in patients traditionally deemed unsuitable candidates 
given their compromised access vessels and iliac landing zones. Preoperative plan-
ning is essential for successful delivery of these multifaceted techniques that require 
a wide range of adjunctive equipment and preparatory maneuvers to prevent life-
threatening complications. Next generation aortic stent grafts may forego the need 
for these adjunctive modalities via lower profile delivery means.
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Chapter 4

Pathogenesis and Prevention of
Vascular Access Failure
Rebecca Hudson, David Johnson and Andrea Viecelli

Abstract

Dialysis vascular access failure is common, is rated as a critical priority by both
patients and health professionals, and is associated with excess morbidity, mortality
and healthcare costs. This chapter will discuss the mechanisms underpinning vas-
cular access failure as well as strategies for preventing this adverse outcome,
including systemic medical therapies (such as antiplatelet agents, fish oils, statins,
inhibitors of the renin-angiotensin-aldosterone system, and calcium channel
blockers), and local therapeutic interventions including innovative surgical tech-
niques, minimally invasive AVF creation, far infra-red therapy, perivascular appli-
cation of recombinant elastase, endothelial loaded gel foam wrap (Vascugel), and
antiproliferative agents such as sirolimus (Coll-R) and paclitaxel-coated balloon
angioplasty.

Keywords: arteriovenous fistula, arteriovenous graft, arteriovenous shunt, aspirin,
cardiovascular agents/therapeutic use, clinical research, endovascular procedures,
end-stage kidney disease, fish oils, graft occlusion, hemodialysis, maturation, risk
factors, statins, thrombosis, treatment outcome, vascular access, vascular patency

1. Introduction

The prevalence of end-stage kidney disease (ESKD) is increasing in the presence
of a growing diabetic and aging population [1, 2]. Hemodialysis remains the most
common form of kidney replacement therapy [3–5], with over 2 million people on
hemodialysis worldwide [6]. To maintain successful hemodialysis, functional vas-
cular access is required [7]. Hemodialysis vascular access consists of three forms: the
arteriovenous fistula (AVF), the arteriovenous graft (AVG), and the central venous
catheter (CVC). The AVF is a connection between a native artery and vein that is
created via an end-to-side vein-to-artery anastomosis [8]. AVGs are created by
interposing a prosthetic graft (classically with polytetrafluorethylene [PTFE])
between an artery and a vein [8]. The key requirements of such access are sufficient
blood flow rate, low flow resistance, a low rate of complications and, for AVF and
AVG, ease of cannulation.

A mature native AVF is considered superior to a synthetic AVG or CVC due to
better long-term outcomes, including reduced rates of thrombosis, infection and
interventions to maintain patency [9–11]. Balanced against these benefits, as a result
of early thrombosis, neointimal hyperplasia formation and inadequate vasodilation
(outward remodeling), between 20 and 60% of AVFs fail to mature to an adequate
caliber to allow repeat cannulation and provide sufficient blood flow for
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hemodialysis and thereby prevent timely usability of the AVF for hemodialysis [9].
AVGs can be used within days of access creation but long-term, they are at higher
risk of developing venous stenosis, thrombosis and infection compared to a func-
tioning AVF [12]. More than 50% of AVGs thrombose within 12 months of creation
and they require significantly more interventions to maintain patency compared to
a functioning AVF [12–14]. CVCs can be used immediately after insertion, but their
long-term use is discouraged in light of the significantly higher risks of thrombosis,
catheter-associated bacteremia and inadequate solute clearance [15–17].

Vascular access dysfunction is a major cause of morbidity, mortality and excess
healthcare costs [9, 18–20]. Indeed, healthcare professionals, patients and care-
givers consider vascular access function a top priority of research in hemodialysis
and clinical practice [21]. There have been recent advances in the understanding of
the biology of vascular access and its dysfunction, with neointimal hyperplasia
leading to venous stenosis and inadequate outward remodeling being identified as
the two major causes of dialysis vascular access dysfunction [7, 22]. This knowledge
has led to the identification of potential therapeutic targets and the development of
novel interventions to improve and maintain vascular patency [17].

This chapter will discuss the risk factors for, and pathogenesis of arteriovenous
access failure. The advances in the understanding of arteriovenous access failure
have led to the development of therapeutic targets and novel therapeutic interven-
tions including systemic medical therapies with pleiotropic effects (such as
antiplatelet agents, fish oils, statins, inhibitors of the renin-angiotensin-aldosterone
system [RAAS], and calcium channel blockers), and local therapeutic interventions
including innovative surgical techniques, minimally invasive AVF creation, far
infra-red therapy, perivascular application of recombinant elastase, endothelial
loaded gel foam wrap (Vascugel), and antiproliferative agents such as sirolimus
(Coll-R) and paclitaxel-coated balloon angioplasty.

2. Clinical predictors of arteriovenous access failure

Key contributors to successful AVF maturation and long-term function include
adequate inflow properties determined by the size and quality of the feeding artery,
cardiac output and blood pressure; anastomotic properties concerning the patent
anastomosis between the artery and vein/interposition graft; and adequate outflow
properties, which in turn are determined by the size and quality of the vein and
presence or absence of collateral or accessory veins. The significance of these three
factors in determining vascular access success highlight the importance of vascular
mapping and planning prior to fistula creation.

Inflow properties are influenced by the location of the AVF, with patency
increasing as the size of the feeding artery is increased (distal to proximal) [23].
Despite this, the distal radio cephalic AVF on the non-dominant side of the patient
is the preferred initial site of AVF for vascular access [23], partly due to patient
comfort along with the preservation of additional vascular access sites for future
use. Female gender has been identified as a risk factor for failure of fistula matura-
tion and survival, with investigations discovering significantly poorer outcomes of
AVFs in females in comparison to males, though the reasons underpinning this are
unclear [24–27]. It has been proposed that females have smaller vessels with asso-
ciated decreased luminal diameters in comparison to males; however, this has not
been consistently found to be a factor in unsuccessful AVFs [28, 29].

Key determinants of both inflow properties and anastomosis patency are the
comorbidities of the patient undergoing AVF creation, influencing outcome via
unfavorable effects on hemodynamics, with the most adverse effects seen from
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peripheral arterial disease, cardiovascular disease and diabetes mellitus. Peripheral
arterial disease interferes with the remodeling process required to achieve a func-
tioning fistula, involving the development of neointimal hyperplasia and calcifica-
tion, causing increased arterial stiffness and decreased elasticity [30]. Woods et al.
[31] conducted a study involving 784 incident hemodialysis patients and found a
24% increased risk of AVF failure in those with peripheral arterial disease. This
failure is attributable to the fact that for vascular access to be a success, it is essential
that the artery used in the creation of the fistula is able to adequately increase
diameter allowing for the increased blood flow required to supply the fistula and
distal tissues [32, 33].

In relation to cardiac disease, its adverse impact on fistula maturation is due to
poor cardiac output and associated poor blood flow to the fistula, resulting in worse
outcomes [34].

Diabetes mellitus is associated with increased risks of intimal hyperplasia [35],
and peripheral arterial disease [36], with these risks exaggerated further in the
chronic kidney disease population leading to an appreciable rate of AVF failure in
this group [27, 37, 38].

Advancing age has been cited as a risk factor for failure of AVF maturation and
survival, although this proves difficult to quantify with age also being a surrogate
marker for increasing burden of comorbidities. Studies have indicated an increased
failure rate of AVFs in ‘older patients’ with the definition of those greater than or
equal to 65 years of age [39–41], contrasting with other literature which were
unable to identify significant differences in functional access outcomes for older
patients [26, 42].

Race and ethnicity have also been identified as risk factors for failure of AVF
maturation, though again this has not been consistently replicated in the literature
[43]. Studies however have identified AVF failure rate being more common in those
of African racial background in comparison to Caucasians; along with Hispanics
when compared with non-Hispanics [40, 41, 44].

A pertinent factor affecting the anastomosis and therefore the outcomes of AVFs
includes both the experience of the surgeon in creating the fistula, as well as the
technical issues associated with utilizing and managing the fistula. The formation of
AVFs is difficult, with numerous studies indicating that there is a higher incidence
of successful AVFs if the surgery is performed by an experienced vascular surgeon
[45–49], with the emphasis being placed on the number of AVFs created over the
total years of training [48, 50].

Outflow dynamics are influenced by several factors, one of which is obesity.
Obesity is described as a risk factor for failure of vascular access separate to the
increased incidence of diabetes in this group. It was observed that obese patients
experienced poor secondary patency in a study by Kats et al. [51], with the under-
lying theory that this was due to the increased soft tissue mass leading to venous
compression and outflow tract obstruction [52]. Diabetes has also been shown to be
a negative predictor of venous remodeling [53], directly impacting the outflow from
an AVF.

Following arteriovenous access creation, ongoing access surveillance, care and
cannulation by well trained staff/patient are paramount for preventing access fail-
ure [54–59].

3. Pathophysiology of arteriovenous access dysfunction

The pathogenesis of vascular access failure is complex with the common final
pathway being the combination of insufficient vessel vasodilation, negative
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In relation to cardiac disease, its adverse impact on fistula maturation is due to
poor cardiac output and associated poor blood flow to the fistula, resulting in worse
outcomes [34].

Diabetes mellitus is associated with increased risks of intimal hyperplasia [35],
and peripheral arterial disease [36], with these risks exaggerated further in the
chronic kidney disease population leading to an appreciable rate of AVF failure in
this group [27, 37, 38].

Advancing age has been cited as a risk factor for failure of AVF maturation and
survival, although this proves difficult to quantify with age also being a surrogate
marker for increasing burden of comorbidities. Studies have indicated an increased
failure rate of AVFs in ‘older patients’ with the definition of those greater than or
equal to 65 years of age [39–41], contrasting with other literature which were
unable to identify significant differences in functional access outcomes for older
patients [26, 42].

Race and ethnicity have also been identified as risk factors for failure of AVF
maturation, though again this has not been consistently replicated in the literature
[43]. Studies however have identified AVF failure rate being more common in those
of African racial background in comparison to Caucasians; along with Hispanics
when compared with non-Hispanics [40, 41, 44].

A pertinent factor affecting the anastomosis and therefore the outcomes of AVFs
includes both the experience of the surgeon in creating the fistula, as well as the
technical issues associated with utilizing and managing the fistula. The formation of
AVFs is difficult, with numerous studies indicating that there is a higher incidence
of successful AVFs if the surgery is performed by an experienced vascular surgeon
[45–49], with the emphasis being placed on the number of AVFs created over the
total years of training [48, 50].

Outflow dynamics are influenced by several factors, one of which is obesity.
Obesity is described as a risk factor for failure of vascular access separate to the
increased incidence of diabetes in this group. It was observed that obese patients
experienced poor secondary patency in a study by Kats et al. [51], with the under-
lying theory that this was due to the increased soft tissue mass leading to venous
compression and outflow tract obstruction [52]. Diabetes has also been shown to be
a negative predictor of venous remodeling [53], directly impacting the outflow from
an AVF.

Following arteriovenous access creation, ongoing access surveillance, care and
cannulation by well trained staff/patient are paramount for preventing access fail-
ure [54–59].

3. Pathophysiology of arteriovenous access dysfunction

The pathogenesis of vascular access failure is complex with the common final
pathway being the combination of insufficient vessel vasodilation, negative
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(inward) vascular remodeling and neointimal hyperplasia resulting in luminal
narrowing and often associated thrombosis formation. The Achilles heel of this
process is the graft-vein anastomosis in AVG and the perianastomotic region in
AVF, respectively [1, 13]. The pathophysiologic cascade of events that lead to AVF
and AVG failure [16, 17] have been categorized into upstream events, characterized
by factors that lead to injury of endothelial—and smooth muscle cells and down-
stream events describing the cellular and cytokine responses that leads to
neointimal hyperplasia and inward remodeling [16] (Figure 1).

There are multiple factors that contribute to the upstream events of vascular
access dysfunction: (1) the proinflammatory uremic milieu that promotes endothe-
lial dysfunction [16, 60], (2) hemodynamic stressors at the anastomosis site due to a
combination of small and non-compliant vessels, low shear stress and turbulence
[16, 61, 62], (3) vascular injury at the time of fistula or graft formation due to vessel
manipulation through surgical technique or angioplasty [16, 61, 62], (4) a localized
inflammatory response involving cytokine release and macrophage migration
caused by the synthetic graft material used in the formation of the AVG [16], (5)
possible genetic predisposition to neointimal hyperplasia and vasoconstriction
[11, 16] (6) and repeat cannulation injury [16, 54].

After formation of an AVF, rapid increase in blood flow through the feeding
artery and draining vein causes vascular distension [63] leading to nitric oxide (NO)
synthesis by endothelial cells which results in vascular smooth muscle relaxation
and vasodilatation [64]. This response leads to structured vascular remodeling with
the driving forces of wall shear stress and tension [63] leading to an increase in
arterial and venous lumen size [65] and moderate thickening of the venous wall
assisting in maturation [66] and positive (outward) remodeling, which overall
results in a larger lumen and greater vascular success (Figure 2). In comparison, the
smooth muscle and endothelial injury sustained from the upstream events described
previously, trigger a cascade of downstream responses mediated through
proinflammatory leukotrienes, chemokines, cytokines, vasoactive molecules,
metalloproteinase and adhesion molecules that promote neointimal hyperplasia

Figure 1.
Pathogenesis of vascular access failure. This figure illustrates the different pathogenic mechanisms that result in
vascular access failure. Image re-used from Viecelli et al. [13] with permission from Wiley.
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formation and negative (inward) remodeling. In comparison to outward
remodeling, inward remodeling results in small lumen diameter and an increased
risk of access failure [17]. As such, neointimal hyperplasia if combined with com-
pensatory outward remodeling may not result in flow limiting stenosis due to
preservation of the luminal caliber, whereas neointimal hyperplasia combined with
impaired outward remodeling can result in hemodynamically significant vascular
stenosis and resultant thrombosis [17, 63].

4. Therapeutic interventions to prevent VA dysfunction

The following section will discuss systemic medical and local interventions
developed to minimize luminal narrowing caused by neointimal hyperplasia and
negative (inward) vascular remodeling.

4.1 Systemic medical therapies

4.1.1 Antiplatelet agents

Antiplatelet agents including aspirin, dipyridamole, clopidogrel and ticlopidine
are thought to prevent arteriovenous access failure primarily through their
antithrombotic effect. Clinical trial results will be discussed separately for each
agent given the differences in action of individual agents upon platelet aggregation,
function and vascular biology including anti-inflammatory and antiproliferative
properties.

4.1.1.1 Aspirin

Aspirin irreversibly inhibits platelet cyclooxygenase-1 and -2 enzymes via acet-
ylation, resulting in decreased formation of prostaglandin precursors and prosta-
glandin derivative thromboxane A2 [13]. Randomized controlled trials (RCT) on
the efficacy of aspirin in preventing arteriovenous access failure have shown incon-
sistent results, with two small studies favoring aspirin [67, 68] and two studies
showing no significant treatment benefit for the prevention of arteriovenous access
thrombosis and failure (Table 1) [5, 69]. In a small RCT of 44 patients, AVG
thrombosis was significantly reduced with 160 mg of aspirin daily compared to

Figure 2.
Vascular remodeling response post fistula creation: comparison of the effects of neointimal hyperplasia with
outward and inward vascular remodeling.
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remodeling, inward remodeling results in small lumen diameter and an increased
risk of access failure [17]. As such, neointimal hyperplasia if combined with com-
pensatory outward remodeling may not result in flow limiting stenosis due to
preservation of the luminal caliber, whereas neointimal hyperplasia combined with
impaired outward remodeling can result in hemodynamically significant vascular
stenosis and resultant thrombosis [17, 63].

4. Therapeutic interventions to prevent VA dysfunction

The following section will discuss systemic medical and local interventions
developed to minimize luminal narrowing caused by neointimal hyperplasia and
negative (inward) vascular remodeling.

4.1 Systemic medical therapies

4.1.1 Antiplatelet agents

Antiplatelet agents including aspirin, dipyridamole, clopidogrel and ticlopidine
are thought to prevent arteriovenous access failure primarily through their
antithrombotic effect. Clinical trial results will be discussed separately for each
agent given the differences in action of individual agents upon platelet aggregation,
function and vascular biology including anti-inflammatory and antiproliferative
properties.

4.1.1.1 Aspirin

Aspirin irreversibly inhibits platelet cyclooxygenase-1 and -2 enzymes via acet-
ylation, resulting in decreased formation of prostaglandin precursors and prosta-
glandin derivative thromboxane A2 [13]. Randomized controlled trials (RCT) on
the efficacy of aspirin in preventing arteriovenous access failure have shown incon-
sistent results, with two small studies favoring aspirin [67, 68] and two studies
showing no significant treatment benefit for the prevention of arteriovenous access
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placebo (32% vs 72%, odds ratio [OR] 0.18, 95% confidence interval [CI] 0.05–0.66,
p < 0.01) after a mean follow-up of 5 months [67]. In contrary, a randomized,
double-blind, placebo-controlled parallel group study [69] assessing the effect of
dipyridamole and/or aspirin on AVG thrombosis showed a non-significant increase
in thrombosis in 10 of 20 patients (50%) treated with 325 mg of aspirin daily
compared to 6 of 19 (32%) patients on placebo (relative risk [RR] 1.99, 95% CI
0.88–4.48, p = 0.18) over a 18-month follow-up period. Inconsistent outcomes have
also been described for aspirin used for prevention of AVF failure. In a study of 92
participants [68] randomized to 1000 mg of aspirin on alternate days over a 28 day
period or placebo, the frequency of AVF thrombosis was reduced more than 4-fold
by aspirin compared to placebo (2 of 45 [4.4%] vs 11 of 47 [23.4%], p < 0.05).
However, the most recent and largest RCT showed no significant reduction in AVF
failure at 12 months in 488 patients randomized to receive 100 mg of aspirin or
placebo for 3 months following AVF creation. AVF failure was defined as a com-
posite of AVF thrombosis, AVF abandonment and cannulation failure [5]. Neither
the composite binary outcome (45% participants treated with aspirin vs 43%
treated with placebo, RR 1.05, 95% CI 0.84–1.31, p = 0.68) nor the individual
outcome components were reduced by low-dose aspirin: AVF thrombosis (20% vs
18%, RR 1.09, 95% CI 0.72–1.64, p = 0.70), AVF abandonment (24% vs 18%, RR
1.31, 95% CI 0.89–1.95, p = 0.17) and cannulation failure (40% vs 39%, RR 0.99,
95% CI 0.76–1.27, p = 0.92) [5]. Differences in treatment dose, duration, sample size
and outcome definition makes comparison of treatment efficacy across trials diffi-
cult. Considering the cumulative evidence to date, there remains considerable
uncertainty as to whether aspirin reduces arteriovenous access failure.

4.1.1.2 Dipyridamole

Dipyridamole impairs platelet aggregation by inhibition of adenosine deaminase
and phosphodiesterase, causing an increase of adenosine, adenine nucleotides and
cyclic adenosine monophosphate (cAMP) levels [70]. As a phosphodiesterase inhibi-
tor, it reduces vascular smooth muscle proliferation, and may prevent neointimal
hyperplasia, stenosis and thrombosis of arteriovenous access [70, 71]. A randomized,
double-blind, placebo-controlled parallel group study [69] of 107 patients with ESKD
assessed the effect of dipyridamole (225 mg daily) and/or aspirin (325 mg daily) on
the rate of AVG thrombosis over a treatment duration of 18 months (Table 1). The
treatment groups were divided into two cohorts, type I which included patients with
new AVGs (84 patients) vs type II which included patients with previously placed
AVGs who had suffered graft thrombosis requiring thrombectomy or revision (23
patients). Dipyridamole reduced AVG thrombosis rates compared to placebo (RR
0.35, 95% CI 0.15–0.80, p = 0.02), used alone (17% vs 32%) or in combination with
aspirin (23% vs 32%). A multicenter RCT involving 649 patients with new AVGs
randomized individuals to dipyridamole (200 mg extended release twice daily) plus
aspirin (25 mg twice daily) or placebo over 4.5 years with an additional 6-month
follow-up [72]. At 12 months, the primary outcome of primary unassisted patency
loss (patency without thrombosis or requirement of an intervention) occurred in 28%
of patients treated with dipyridamole and aspirin compared to 23% receiving placebo
(hazard ratio [HR] 0.82; 95% CI 0.68–0.98, p = 0.03) [72]. Pertaining to the evidence
presented, dipyridamole alone or in combination with aspirin may be beneficial in
preventing primary AVG failure.

4.1.1.3 Clopidogrel

Clopidogrel and ticlopidine are classed as thienopyridines. The active metabolite
they produce irreversibly blocks the protein P2y12 component of the adenosine
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diphosphate (ADP) receptors on the platelet surface, preventing activation of the
GPIIb/IIa receptor complex and reducing platelet aggregation [13]. The effects of
clopidogrel (300 mg load followed by 75 mg daily) on access failure were evaluated
in an RCT involving 877 patients undergoing AVF formation (Table 1). The rate of
early fistula thrombosis (within 6 weeks) was lower with treatment (53 of 436
patients, 12.2%) compared to placebo (84 of the 430, 19.5%; RR 0.63, 95% CI 0.46–
0.97, p = 0.18) [15], however, this benefit did not translate into an increase in the
proportion of AVFs that became suitable for hemodialysis (61.8% vs 59.5%; RR
1.05, 95% CI 0.94–1.17, p = 0.4) [15]. A smaller RCT of 93 patients found that,
compared with placebo, clopidogrel resulted in a lower risk of early fistula throm-
bosis (5.2% vs 21.6%; HR 0.72, 95% CI 0.41–1.01, p = 0.03) and a higher rate of first
successful dialysis using the newly created AVF (92.3% vs 70.5%) [73]. In contrast,
no benefit was identified from clopidogrel 75 mg and aspirin 325 mg vs placebo on
graft thrombosis in an RCT involving 200 participants undergoing hemodialysis
with newly formed AVGs (HR 0.81, 95% CI 0.47–1.40, p = 0.45) [74]. Considering
the evidence to date, there remains uncertainty as to whether clopidogrel results in
a clinically meaningful benefit beyond prevention of early thrombosis.

4.1.1.4 Ticlopidine

Three RCTs investigated the effects of ticlopidine on AVF thrombosis at 4 weeks
(Table 1). Two small RCTs [75, 76] demonstrated that AVF thrombosis occurred in
fewer patients receiving ticlopidine as compared with placebo. Grontoft et al. [75]
studied 36 participants and showed that AVF thrombosis at 4 weeks was reduced in
participants treated with 250 mg ticlopidine twice daily (11%) compared to placebo
(47%, p < 0.05). In a pilot study of 18 participants [76], 250 mg ticlopidine given
twice daily over 1 month resulted in half the thrombosis rates compared to placebo
(25% vs 50% respectively). A multicenter RCT involving 250 participants [77]
showed that ticlopidine did not significantly reduce AVF thrombosis compared to
placebo at 4 weeks (12% vs 19%, OR 0.6, 95% CI 0.30–1.18, p = 0.1). A subsequent
systematic review and meta-analysis of these trials [78] favored the use of
ticlopidine in access thrombosis as a beneficial treatment (OR 0.45, 95% CI 0.25–
0.82, p = 0.009).

A meta-analysis of 21 RCTs using any type of antiplatelet drug to prevent
arteriovenous access failure demonstrated a 51% reduction in patency loss of AVFs
with antiplatelet therapy compared to placebo (6 trials, 1222 participants, RR 0.49,
95% CI 0.30–0.81), while clinical benefits in preventing AVG thrombosis remained
uncertain (3 trials, 956 participants, RR 0.94, 95% CI 0.80–1.10) [79].

Based on the available evidence, there may be a short-term benefit of
antiplatelet agents in reducing arteriovenous access thrombosis [15, 78–80], though
clinically meaningful benefits, including improved long-term patency or access
usability for dialysis, have not been found [15, 79]. Therapeutic approaches
targeting vascular remodeling and neointimal hyperplasia may be more beneficial in
the longer term [13].

4.1.2 Omega-3 fatty acid supplementation (fish oil)

Omega-3 fatty acids (the active component of fish oil) are thought to reduce
arteriovenous access thrombosis and improve maturation [81] through their
antiproliferative [82], antiaggregatory [83], anti-inflammatory [84], antioxidant
and vasodilatory effects [85–87].

Two RCTs have assessed the effect of fish oil on AVG patency (Table 1)
[88, 89]. The largest study involved 196 patients with newly created AVGs treated
with 4 g of fish oil or placebo for 12 months [89]. There was no statistically
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placebo (32% vs 72%, odds ratio [OR] 0.18, 95% confidence interval [CI] 0.05–0.66,
p < 0.01) after a mean follow-up of 5 months [67]. In contrary, a randomized,
double-blind, placebo-controlled parallel group study [69] assessing the effect of
dipyridamole and/or aspirin on AVG thrombosis showed a non-significant increase
in thrombosis in 10 of 20 patients (50%) treated with 325 mg of aspirin daily
compared to 6 of 19 (32%) patients on placebo (relative risk [RR] 1.99, 95% CI
0.88–4.48, p = 0.18) over a 18-month follow-up period. Inconsistent outcomes have
also been described for aspirin used for prevention of AVF failure. In a study of 92
participants [68] randomized to 1000 mg of aspirin on alternate days over a 28 day
period or placebo, the frequency of AVF thrombosis was reduced more than 4-fold
by aspirin compared to placebo (2 of 45 [4.4%] vs 11 of 47 [23.4%], p < 0.05).
However, the most recent and largest RCT showed no significant reduction in AVF
failure at 12 months in 488 patients randomized to receive 100 mg of aspirin or
placebo for 3 months following AVF creation. AVF failure was defined as a com-
posite of AVF thrombosis, AVF abandonment and cannulation failure [5]. Neither
the composite binary outcome (45% participants treated with aspirin vs 43%
treated with placebo, RR 1.05, 95% CI 0.84–1.31, p = 0.68) nor the individual
outcome components were reduced by low-dose aspirin: AVF thrombosis (20% vs
18%, RR 1.09, 95% CI 0.72–1.64, p = 0.70), AVF abandonment (24% vs 18%, RR
1.31, 95% CI 0.89–1.95, p = 0.17) and cannulation failure (40% vs 39%, RR 0.99,
95% CI 0.76–1.27, p = 0.92) [5]. Differences in treatment dose, duration, sample size
and outcome definition makes comparison of treatment efficacy across trials diffi-
cult. Considering the cumulative evidence to date, there remains considerable
uncertainty as to whether aspirin reduces arteriovenous access failure.

4.1.1.2 Dipyridamole

Dipyridamole impairs platelet aggregation by inhibition of adenosine deaminase
and phosphodiesterase, causing an increase of adenosine, adenine nucleotides and
cyclic adenosine monophosphate (cAMP) levels [70]. As a phosphodiesterase inhibi-
tor, it reduces vascular smooth muscle proliferation, and may prevent neointimal
hyperplasia, stenosis and thrombosis of arteriovenous access [70, 71]. A randomized,
double-blind, placebo-controlled parallel group study [69] of 107 patients with ESKD
assessed the effect of dipyridamole (225 mg daily) and/or aspirin (325 mg daily) on
the rate of AVG thrombosis over a treatment duration of 18 months (Table 1). The
treatment groups were divided into two cohorts, type I which included patients with
new AVGs (84 patients) vs type II which included patients with previously placed
AVGs who had suffered graft thrombosis requiring thrombectomy or revision (23
patients). Dipyridamole reduced AVG thrombosis rates compared to placebo (RR
0.35, 95% CI 0.15–0.80, p = 0.02), used alone (17% vs 32%) or in combination with
aspirin (23% vs 32%). A multicenter RCT involving 649 patients with new AVGs
randomized individuals to dipyridamole (200 mg extended release twice daily) plus
aspirin (25 mg twice daily) or placebo over 4.5 years with an additional 6-month
follow-up [72]. At 12 months, the primary outcome of primary unassisted patency
loss (patency without thrombosis or requirement of an intervention) occurred in 28%
of patients treated with dipyridamole and aspirin compared to 23% receiving placebo
(hazard ratio [HR] 0.82; 95% CI 0.68–0.98, p = 0.03) [72]. Pertaining to the evidence
presented, dipyridamole alone or in combination with aspirin may be beneficial in
preventing primary AVG failure.

4.1.1.3 Clopidogrel

Clopidogrel and ticlopidine are classed as thienopyridines. The active metabolite
they produce irreversibly blocks the protein P2y12 component of the adenosine
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diphosphate (ADP) receptors on the platelet surface, preventing activation of the
GPIIb/IIa receptor complex and reducing platelet aggregation [13]. The effects of
clopidogrel (300 mg load followed by 75 mg daily) on access failure were evaluated
in an RCT involving 877 patients undergoing AVF formation (Table 1). The rate of
early fistula thrombosis (within 6 weeks) was lower with treatment (53 of 436
patients, 12.2%) compared to placebo (84 of the 430, 19.5%; RR 0.63, 95% CI 0.46–
0.97, p = 0.18) [15], however, this benefit did not translate into an increase in the
proportion of AVFs that became suitable for hemodialysis (61.8% vs 59.5%; RR
1.05, 95% CI 0.94–1.17, p = 0.4) [15]. A smaller RCT of 93 patients found that,
compared with placebo, clopidogrel resulted in a lower risk of early fistula throm-
bosis (5.2% vs 21.6%; HR 0.72, 95% CI 0.41–1.01, p = 0.03) and a higher rate of first
successful dialysis using the newly created AVF (92.3% vs 70.5%) [73]. In contrast,
no benefit was identified from clopidogrel 75 mg and aspirin 325 mg vs placebo on
graft thrombosis in an RCT involving 200 participants undergoing hemodialysis
with newly formed AVGs (HR 0.81, 95% CI 0.47–1.40, p = 0.45) [74]. Considering
the evidence to date, there remains uncertainty as to whether clopidogrel results in
a clinically meaningful benefit beyond prevention of early thrombosis.

4.1.1.4 Ticlopidine

Three RCTs investigated the effects of ticlopidine on AVF thrombosis at 4 weeks
(Table 1). Two small RCTs [75, 76] demonstrated that AVF thrombosis occurred in
fewer patients receiving ticlopidine as compared with placebo. Grontoft et al. [75]
studied 36 participants and showed that AVF thrombosis at 4 weeks was reduced in
participants treated with 250 mg ticlopidine twice daily (11%) compared to placebo
(47%, p < 0.05). In a pilot study of 18 participants [76], 250 mg ticlopidine given
twice daily over 1 month resulted in half the thrombosis rates compared to placebo
(25% vs 50% respectively). A multicenter RCT involving 250 participants [77]
showed that ticlopidine did not significantly reduce AVF thrombosis compared to
placebo at 4 weeks (12% vs 19%, OR 0.6, 95% CI 0.30–1.18, p = 0.1). A subsequent
systematic review and meta-analysis of these trials [78] favored the use of
ticlopidine in access thrombosis as a beneficial treatment (OR 0.45, 95% CI 0.25–
0.82, p = 0.009).

A meta-analysis of 21 RCTs using any type of antiplatelet drug to prevent
arteriovenous access failure demonstrated a 51% reduction in patency loss of AVFs
with antiplatelet therapy compared to placebo (6 trials, 1222 participants, RR 0.49,
95% CI 0.30–0.81), while clinical benefits in preventing AVG thrombosis remained
uncertain (3 trials, 956 participants, RR 0.94, 95% CI 0.80–1.10) [79].

Based on the available evidence, there may be a short-term benefit of
antiplatelet agents in reducing arteriovenous access thrombosis [15, 78–80], though
clinically meaningful benefits, including improved long-term patency or access
usability for dialysis, have not been found [15, 79]. Therapeutic approaches
targeting vascular remodeling and neointimal hyperplasia may be more beneficial in
the longer term [13].

4.1.2 Omega-3 fatty acid supplementation (fish oil)

Omega-3 fatty acids (the active component of fish oil) are thought to reduce
arteriovenous access thrombosis and improve maturation [81] through their
antiproliferative [82], antiaggregatory [83], anti-inflammatory [84], antioxidant
and vasodilatory effects [85–87].

Two RCTs have assessed the effect of fish oil on AVG patency (Table 1)
[88, 89]. The largest study involved 196 patients with newly created AVGs treated
with 4 g of fish oil or placebo for 12 months [89]. There was no statistically
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significant difference in the proportion of participants experiencing graft patency
loss (thrombosis or radiological or surgical interventions) at 12 months between fish
oil (48%) and placebo (62%, RR 0.78, 95% CI 0.60–1.03, p = 0.06). However,
participants treated with fish oil experienced lower rates of loss of graft patency
(incident rate ratio [IRR] 0.58, 95% CI 0.44–0.75), radiological or surgical inter-
ventions (IRR 0.59, 95% CI 0.44–0.78) and thrombotic events (IRR0.5, 95% CI
0.35–0.72). Another RCT including 24 patients randomized to treatment with fish
oil or placebo for 12 months found that fish oil treatment led to greater primary
patency (thrombosis free) after 12 months of follow-up (75.6% vs 14.9% respec-
tively, p = 0.03) [88]. An RCT by Bowden et al. [90] was unable to replicate these
findings in 29 participants, with no difference in the mean time to primary patency
loss (thrombosis or venous outflow stenosis >50% requiring angioplasty) in the
treatment group (254 � 52 days, standard error of the mean [SEM] 51.8) compared
to the placebo group (254 � 35 days, SEM 34.6) over the 8-month follow-up period.
The heterogeneity in outcome definitions (primary patency loss vs thrombosis)
makes comparison across trials difficult. Although a risk reduction in graft throm-
bosis was described in a meta-analysis of data from four trials, this analysis incor-
porated events other than graft thrombosis including infection [86] and
interventions [90]. When only including the trials that assessed the frequency of
graft thrombosis [78], fish oil was no longer associated with a significant treatment
benefit compared to placebo (OR 0.24; 95% CI, 0.03–1.95).

A large multicenter trial (Omega-3 fatty acids (fish oils) and aspirin in vascular
access outcomes in renal disease [FAVORED]) [5] is the only RCT to date to
examine the effect of fish oil on AVF failure. This trial included 567 patients with
newly created AVF randomized to 4 g of fish oil daily or matching placebo for 3
months post AVF creation. At 12-month follow-up, no significant differences
between the fish oil and placebo groups were identified for the primary composite
outcome of AVF failure (47% identified in both groups, RR 1.03, 95% CI 0.86–1.23,
p = 0.78) or for the individual components of the composite including AVF throm-
bosis (22% vs 23%, RR 0.98, 95% CI 0.72–1.34, p = 0.9), fistula abandonment (19%
vs 22%, RR 0.87, 95% CI 0.62–1.2, p = 0.43) or cannulation failure (40% vs 39%, RR
1.03, 95% CI 0.83–1.26, p = 0.81) [5].

A recent meta-analysis of all RCTs (5 trials, 833 participants) evaluated the
effect of fish oil supplementation in preventing arteriovenous access failure using
standardized outcome definitions [81]. Key findings included that fish oil supple-
mentation prevented primary patency loss with moderate certainty (RR 0.81, 95%
CI 0.68–0.98), and that low quality evidence suggested that fish oil may have little
effect on dialysis suitability failure (RR 0.95, 95% CI 0.73–1.23), access abandon-
ment (RR 0.78, 95% CI 0.59–1.03), need for interventions (RR 0.82, 95% CI 0.64–
1.04) or all-cause mortality (RR 0.99, 95% CI 0.51–1.92).

4.1.3 Statin therapy

Statins have been shown to reduce inflammation in the ESKD population, while
also improving endothelial function beyond the effect of cholesterol lowering [91].
There is experimental evidence that statins reduce neointimal hyperplasia and
vascular remodeling, which appears to be mediated by the reduction of vascular
endothelial growth factor-A and matrix metalloproteinase (MMP) [92], and pro-
motion of vasodilatation (via endothelial derived NO) [93].

An ancillary analysis of the Study of Heart and Renal Protection (SHARP) RCT
comparing the effects of simvastatin/ezetimibe 20 mg/10 mg vs placebo on vascular
access occlusive events (defined as any access revision procedure, access thrombo-
sis, removal of an old dialysis access, or formation of new permanent dialysis
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access) in 2353 participants (94% AVF, 6% AVG) (Table 1) [94]. Simvastatin plus
ezetimibe resulted in a 13% reduction in vascular occlusive events compared with
placebo (RR 0.87, 95% CI 0.75–1.00, p = 0.05). Results were broadly similar for the
individual components of the composite outcomes. However, the same group was
unable to replicate this result in a post hoc analysis of the AURORA (A Study to
Evaluate the Use of Rosuvastatin in Subjects on Regular Hemodialysis: An Assess-
ment of Survival and Cardiovascular Events) trial cohort [94]. Specifically, occlu-
sive vascular events were comparable between the rosuvastatin and placebo groups
(28.9% vs 27.6%, respectively, RR 1.06, 95% CI 0.91–1.23, p = 0.44). When the
SHARP and AURORA results were pooled, low density lipoprotein cholesterol
(LDL-C) lowering therapy did not significantly reduce vascular occlusive events.
These results were limited by the post hoc analysis of exploratory trial outcomes
and the failure to include other large studies of cholesterol-lowering therapy (such
as the Der Deutsche Diabetes Dialyze [4D] study [95]), such that results should be
considered hypothesis-generating only.

Retrospective observational cohort analyses by Saran et al. [96] and Pisoni et al.
[97] found statins were not beneficial in improving cumulative fistula survival.
Specifically, statin therapy did not improve access maturation [97] or primary
access patency [96]. Similarly, a retrospective review of 265 patients, of which 90%
were on either simvastatin or atorvastatin, found that statin therapy did not affect
the number of stenotic lesions in AVFs or time to primary angioplasty [91].
Whereas a case-control study of 60 dialysis patients receiving either folic acid and/
or statin discovered improved primary patency in 35 patients with AVFs [34].

In summary, the evidence for benefits of statin use in the prevention of vascular
access complications in hemodialysis patients is based on observational trial data
and post hoc analysis of RCTs. To date, no RCT has been developed to determine
the effect of statin therapy on primary patency rates in newly formed vascular
access. There is currently insufficient evidence to support the routine use of statin
therapy for preserving vascular access.

4.1.4 Renin-angiotensin-aldosterone system blockers (angiotensin-converting enzyme
inhibitors and angiotensin II type I receptor blockers)

The renin-angiotensin-aldosterone system (RAAS) is an important modulator of
the vascular smooth muscle cell proliferation that occurs in the intimal layer of the
vein in response to injury [98]. Additionally, angiotensin II produced locally at the
site of injury can induce growth factors that further promote vascular smooth
muscle proliferation and a prothrombotic environment [98]. Blocking these path-
ways in animal models with the use of angiotensin-converting enzyme inhibition
(ACEI) has been shown to prevent smooth muscle cell proliferation and migration
[99, 100], inhibit intimal hyperplasia and extracellular matrix deposition [100–
102], promote venous dilation [103] and prevent platelet activation [104, 105].

In the clinical setting, the effects of ACEI and/or angiotensin II type 1 receptor
blockers (ARB) on primary and secondary arteriovenous access outcomes has been
confined to retrospective observational cohort studies with conflicting findings
(Table 1) [98, 99, 106–108]. A multi-center observational study by Sajgure et al.
[98] compared the use of ACEI vs placebo on primary patency duration in AVGs
(179 participants) and AVFs (87 participants) over a 24 month period. A longer
primary patency duration was observed in the treatment AVG group compared
with placebo (HR 0.48, 95% CI 0.31–0.73, p = 0.01), though no benefit was
observed with the use of ACEI in AVFs (p = 0.45). Chen et al. [108] performed a
retrospective analysis of the efficacy of ACEI and/or ARB therapy on primary
patency loss of AVGs and AVFs in 42,244 patients over a 96-month period
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significant difference in the proportion of participants experiencing graft patency
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examine the effect of fish oil on AVF failure. This trial included 567 patients with
newly created AVF randomized to 4 g of fish oil daily or matching placebo for 3
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outcome of AVF failure (47% identified in both groups, RR 1.03, 95% CI 0.86–1.23,
p = 0.78) or for the individual components of the composite including AVF throm-
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vs 22%, RR 0.87, 95% CI 0.62–1.2, p = 0.43) or cannulation failure (40% vs 39%, RR
1.03, 95% CI 0.83–1.26, p = 0.81) [5].

A recent meta-analysis of all RCTs (5 trials, 833 participants) evaluated the
effect of fish oil supplementation in preventing arteriovenous access failure using
standardized outcome definitions [81]. Key findings included that fish oil supple-
mentation prevented primary patency loss with moderate certainty (RR 0.81, 95%
CI 0.68–0.98), and that low quality evidence suggested that fish oil may have little
effect on dialysis suitability failure (RR 0.95, 95% CI 0.73–1.23), access abandon-
ment (RR 0.78, 95% CI 0.59–1.03), need for interventions (RR 0.82, 95% CI 0.64–
1.04) or all-cause mortality (RR 0.99, 95% CI 0.51–1.92).

4.1.3 Statin therapy

Statins have been shown to reduce inflammation in the ESKD population, while
also improving endothelial function beyond the effect of cholesterol lowering [91].
There is experimental evidence that statins reduce neointimal hyperplasia and
vascular remodeling, which appears to be mediated by the reduction of vascular
endothelial growth factor-A and matrix metalloproteinase (MMP) [92], and pro-
motion of vasodilatation (via endothelial derived NO) [93].

An ancillary analysis of the Study of Heart and Renal Protection (SHARP) RCT
comparing the effects of simvastatin/ezetimibe 20 mg/10 mg vs placebo on vascular
access occlusive events (defined as any access revision procedure, access thrombo-
sis, removal of an old dialysis access, or formation of new permanent dialysis
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access) in 2353 participants (94% AVF, 6% AVG) (Table 1) [94]. Simvastatin plus
ezetimibe resulted in a 13% reduction in vascular occlusive events compared with
placebo (RR 0.87, 95% CI 0.75–1.00, p = 0.05). Results were broadly similar for the
individual components of the composite outcomes. However, the same group was
unable to replicate this result in a post hoc analysis of the AURORA (A Study to
Evaluate the Use of Rosuvastatin in Subjects on Regular Hemodialysis: An Assess-
ment of Survival and Cardiovascular Events) trial cohort [94]. Specifically, occlu-
sive vascular events were comparable between the rosuvastatin and placebo groups
(28.9% vs 27.6%, respectively, RR 1.06, 95% CI 0.91–1.23, p = 0.44). When the
SHARP and AURORA results were pooled, low density lipoprotein cholesterol
(LDL-C) lowering therapy did not significantly reduce vascular occlusive events.
These results were limited by the post hoc analysis of exploratory trial outcomes
and the failure to include other large studies of cholesterol-lowering therapy (such
as the Der Deutsche Diabetes Dialyze [4D] study [95]), such that results should be
considered hypothesis-generating only.

Retrospective observational cohort analyses by Saran et al. [96] and Pisoni et al.
[97] found statins were not beneficial in improving cumulative fistula survival.
Specifically, statin therapy did not improve access maturation [97] or primary
access patency [96]. Similarly, a retrospective review of 265 patients, of which 90%
were on either simvastatin or atorvastatin, found that statin therapy did not affect
the number of stenotic lesions in AVFs or time to primary angioplasty [91].
Whereas a case-control study of 60 dialysis patients receiving either folic acid and/
or statin discovered improved primary patency in 35 patients with AVFs [34].

In summary, the evidence for benefits of statin use in the prevention of vascular
access complications in hemodialysis patients is based on observational trial data
and post hoc analysis of RCTs. To date, no RCT has been developed to determine
the effect of statin therapy on primary patency rates in newly formed vascular
access. There is currently insufficient evidence to support the routine use of statin
therapy for preserving vascular access.

4.1.4 Renin-angiotensin-aldosterone system blockers (angiotensin-converting enzyme
inhibitors and angiotensin II type I receptor blockers)

The renin-angiotensin-aldosterone system (RAAS) is an important modulator of
the vascular smooth muscle cell proliferation that occurs in the intimal layer of the
vein in response to injury [98]. Additionally, angiotensin II produced locally at the
site of injury can induce growth factors that further promote vascular smooth
muscle proliferation and a prothrombotic environment [98]. Blocking these path-
ways in animal models with the use of angiotensin-converting enzyme inhibition
(ACEI) has been shown to prevent smooth muscle cell proliferation and migration
[99, 100], inhibit intimal hyperplasia and extracellular matrix deposition [100–
102], promote venous dilation [103] and prevent platelet activation [104, 105].

In the clinical setting, the effects of ACEI and/or angiotensin II type 1 receptor
blockers (ARB) on primary and secondary arteriovenous access outcomes has been
confined to retrospective observational cohort studies with conflicting findings
(Table 1) [98, 99, 106–108]. A multi-center observational study by Sajgure et al.
[98] compared the use of ACEI vs placebo on primary patency duration in AVGs
(179 participants) and AVFs (87 participants) over a 24 month period. A longer
primary patency duration was observed in the treatment AVG group compared
with placebo (HR 0.48, 95% CI 0.31–0.73, p = 0.01), though no benefit was
observed with the use of ACEI in AVFs (p = 0.45). Chen et al. [108] performed a
retrospective analysis of the efficacy of ACEI and/or ARB therapy on primary
patency loss of AVGs and AVFs in 42,244 patients over a 96-month period
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(37,771 with AVFs [32.3% on an ACEI, 15% on an ARB], 4473 with AVGs [6.2% on
an ACEI, 7.1% on an ARB]). ACEI use was associated with prolonged primary
patency in both AVFs (HR 0.59, 95% CI 0.56–0.62, p < 0.05) and AVGs (HR 0.56,
95% CI 0.48–0.64, p < 0.05). Similarly, ARB use was shown to be beneficial in
AVFs (HR 0.53, 95% CI 0.51–0.56, p < 0.05), and AVGs (HR0.54, 95% CI 0.47–
0.61, p < 0.05) [108]. Furthermore, Jackson et al. [99] reported that ARB use
prolonged 1- and 2-year primary patency in both, AVFs (55.2% at 1 year, 49.1% at
2 years; HR 0.35, 95% CI 0.16–0.76, p = 0.008) and AVGs (50.2% at 1 year, 29.7% at
2 years; HR0.41, 95% CI 0.18–0.95, p = 0.039). An international, prospective,
observational study by Saran et al. [96] elucidated a clinically significant relation-
ship between ACEI use and reduction in secondary AVF failure (RR 0.56, p = 0.01)
and a trend toward improving primary AVF patency failure, while there was no
significant treatment benefit in AVGs (primary RR 1.02, p = 0.846, secondary RR
1.16, p = 0.133). The same study found no significant benefit associated with the use
of ARB in preventing primary or secondary patency failure in AVFs or AVGs.
Available evidence is limited by substantial heterogeneity of treatment agents, dose,
outcome definitions and study populations and unadjusted confounding associated
with the observational study design. Randomized-controlled trials to confirm
potential benefits of RAAS inhibitors are required.

4.1.5 Calcium channel blockers

Based on animal and human studies, calcium channel blockers (CCB) may
inhibit neointimal hyperplasia [109, 110] and thereby reduce maturation failure
[111] and restenosis post angioplasty [112]. In a prospective, observational study of
2313 participants (of which 970 were on CCB) [96], CCB use was associated with
prolonged primary patency of AVGs (RR 0.86, p = 0.034), while no association
with CCB was found for secondary AVG patency (RR 0.88, p = 0.153) as well as
primary (RR 1.14, p = 0.3) and secondary AVF patency (RR 1.16, p = 0.374)
(Table 1). A retrospective study by Chen et al. [108] including 42,244 patients
(37,771 with AVFs [32.3% on a CCB], 4473 with AVGs [20.6% on a CCB]),
described a significant relationship between CCB use and prolonged primary
patency in both AVF (HR 0.485, CI 0.470–0.501) and AVG (HR 0.482, CI 0.442–
0.526) groups. While there has currently been minimal investigation into the use of
CCB in prevention of vascular access failure, further research may be warranted
given the wide use of this antihypertensive agent in the hemodialysis population.

4.2 Local interventions

Targeted interventions to reduce upstream injury include new surgical tech-
niques [113] and endovascular access creation [114], interventions to mitigate
downstream responses include far infra-red therapy [115, 116], perivascular appli-
cation of recombinant elastase [117, 118] and endothelial loaded gel foam wrap
(Vascugel) [119–121], whereas antiproliferative agents including sirolimus [122]
and paclitaxel [123, 124] have been developed to prevent neointimal hyperplasia
and promote outward remodeling and vasodilatation [1, 13].

4.2.1 New surgical techniques to alter wall shear stress

Turbulent low-flow with low shear stress at the anastomosis leads to endothelial
dysfunction, increased oxidative stress and an inflammatory and prothrombotic
state, promoting AVF/AVG inward remodeling and neointimal hyperplasia
[16, 125]. Optimization of flow dynamics through novel surgical techniques aimed
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at changing the anatomical configuration is a potential strategy to minimize this
injury [17]. Baharat et al. [126] compared the use of the piggybacking Straight-Line
Onlay Technique (pSLOT) to the traditional end-to-side (ETS) and side-to-side
Straight-Line Onlay Techniques (SLOT), in a study of 125 patients (Table 1). They
found a significant reduction in juxta-anastomotic stenosis using the novel pSLOT
(3.7%) compared to traditional methods of ETS (14%) and SLOT (8.3%) (p = 0.04).
This was accompanied by a significant reduction in overall fistula failure (pSLOT
16.7%, ETS 40.3%, SLOT 33.3%, p = 0.01) over the median 19-month follow-up.

The Optiflow Vascular Anastomotic device is a sutureless device that is able to
provide reproducible anastomosis at a controlled geometry of 60° between the
artery and vein, resulting in reduced surgical time, and optimized flow patterns and
shear stress [13, 113], with a likely capability of shielding the perianastomotic region
and preventing stenosis with its prosthetic material [13, 113]. This device is thought
to clinically improve both vascular access maturation and patency [13]. Manson
et al. [113] demonstrated safety and technical practicality in a human pilot study
involving 10 patients. Subsequently, a prospective study of 41 patients performed at
two centers by Chemla et al. [127] evaluated the maturation, patency, and safety of
AVF using the Optiflow device. Unassisted maturation (defined as an outflow vein
>/= 5 mm in diameter and flow >/= 500 ml/min not requiring intervention to
maintain or promote maturation) was achieved in 72% of AVFs at 42 days and 68%
at 90 days, unassisted patency in 88% of AVFs at 42 days and 78% at 90 days, and
no serious device-related adverse events were reported [127]. In summary, the
Optiflow device has shown promise in very small sample sizes and requires further
evaluation in an RCT that is powered to confirm these clinical benefits.

4.2.2 Endovascular AVF creation

The creation of an AVF with an endovascular approach using a radiofrequency
magnetic catheter-based system is suggested to cause less vessel trauma, resulting in
a reduced stimulus for the formation of neointimal hyperplasia [13, 128]. Clinically
this has the potential to translate into improved vascular access maturation and
patency [13]. A prospective, single-arm, multicenter study (Novel Endovascular
Access Trial [NEAT]) enrolled 80 patients (57% pre-dialysis and 43% on dialysis)
who underwent endovascular arteriovenous anastomosis creation (Table 1) [114].
The AVF was successfully created in 98% of participants (95% CI 91–100%). Phys-
iologically suitable AVF dialysis, defined as a brachial artery flow ≥500 mL/min and
vein diameter ≥ 4 mm within 3 months, was achieved in 87% of participants (95%
CI 75–94%) and 64% (95% CI 48–78%) were able to receive prescribed hemodialy-
sis through the AVF using two-needle cannulation. Primary patency at 12 months
was 69% (95% CI 54–79%) and cumulative patency 84% (95% CI 71–91%), and 24
secondary AVF interventions were required in 19 participants (0.46/patient-year).
Serious procedure-related adverse events (access-site management, hemostasis and
pseudoaneurysm) occurred in 8% of participants. These results suggest that
endovascular AVF creation may be a viable, minimally invasive alternative for
creating vascular access. However, long-term outcomes are currently lacking and
comparison to open surgical techniques in a randomized controlled fashion may be
difficult due to the unique location and type of vessels used for AVF.

4.2.3 Far infrared therapy

Infrared radiation is an invisible electromagnetic wave, with wavelengths rang-
ing from 5.6 to 1000 μm [17]. This energy is perceived as heat by the thermorecep-
tors in the surrounding skin [116]. Far infrared therapy (FIT) has been shown to
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(37,771 with AVFs [32.3% on an ACEI, 15% on an ARB], 4473 with AVGs [6.2% on
an ACEI, 7.1% on an ARB]). ACEI use was associated with prolonged primary
patency in both AVFs (HR 0.59, 95% CI 0.56–0.62, p < 0.05) and AVGs (HR 0.56,
95% CI 0.48–0.64, p < 0.05). Similarly, ARB use was shown to be beneficial in
AVFs (HR 0.53, 95% CI 0.51–0.56, p < 0.05), and AVGs (HR0.54, 95% CI 0.47–
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and a trend toward improving primary AVF patency failure, while there was no
significant treatment benefit in AVGs (primary RR 1.02, p = 0.846, secondary RR
1.16, p = 0.133). The same study found no significant benefit associated with the use
of ARB in preventing primary or secondary patency failure in AVFs or AVGs.
Available evidence is limited by substantial heterogeneity of treatment agents, dose,
outcome definitions and study populations and unadjusted confounding associated
with the observational study design. Randomized-controlled trials to confirm
potential benefits of RAAS inhibitors are required.

4.1.5 Calcium channel blockers

Based on animal and human studies, calcium channel blockers (CCB) may
inhibit neointimal hyperplasia [109, 110] and thereby reduce maturation failure
[111] and restenosis post angioplasty [112]. In a prospective, observational study of
2313 participants (of which 970 were on CCB) [96], CCB use was associated with
prolonged primary patency of AVGs (RR 0.86, p = 0.034), while no association
with CCB was found for secondary AVG patency (RR 0.88, p = 0.153) as well as
primary (RR 1.14, p = 0.3) and secondary AVF patency (RR 1.16, p = 0.374)
(Table 1). A retrospective study by Chen et al. [108] including 42,244 patients
(37,771 with AVFs [32.3% on a CCB], 4473 with AVGs [20.6% on a CCB]),
described a significant relationship between CCB use and prolonged primary
patency in both AVF (HR 0.485, CI 0.470–0.501) and AVG (HR 0.482, CI 0.442–
0.526) groups. While there has currently been minimal investigation into the use of
CCB in prevention of vascular access failure, further research may be warranted
given the wide use of this antihypertensive agent in the hemodialysis population.

4.2 Local interventions

Targeted interventions to reduce upstream injury include new surgical tech-
niques [113] and endovascular access creation [114], interventions to mitigate
downstream responses include far infra-red therapy [115, 116], perivascular appli-
cation of recombinant elastase [117, 118] and endothelial loaded gel foam wrap
(Vascugel) [119–121], whereas antiproliferative agents including sirolimus [122]
and paclitaxel [123, 124] have been developed to prevent neointimal hyperplasia
and promote outward remodeling and vasodilatation [1, 13].

4.2.1 New surgical techniques to alter wall shear stress

Turbulent low-flow with low shear stress at the anastomosis leads to endothelial
dysfunction, increased oxidative stress and an inflammatory and prothrombotic
state, promoting AVF/AVG inward remodeling and neointimal hyperplasia
[16, 125]. Optimization of flow dynamics through novel surgical techniques aimed
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at changing the anatomical configuration is a potential strategy to minimize this
injury [17]. Baharat et al. [126] compared the use of the piggybacking Straight-Line
Onlay Technique (pSLOT) to the traditional end-to-side (ETS) and side-to-side
Straight-Line Onlay Techniques (SLOT), in a study of 125 patients (Table 1). They
found a significant reduction in juxta-anastomotic stenosis using the novel pSLOT
(3.7%) compared to traditional methods of ETS (14%) and SLOT (8.3%) (p = 0.04).
This was accompanied by a significant reduction in overall fistula failure (pSLOT
16.7%, ETS 40.3%, SLOT 33.3%, p = 0.01) over the median 19-month follow-up.

The Optiflow Vascular Anastomotic device is a sutureless device that is able to
provide reproducible anastomosis at a controlled geometry of 60° between the
artery and vein, resulting in reduced surgical time, and optimized flow patterns and
shear stress [13, 113], with a likely capability of shielding the perianastomotic region
and preventing stenosis with its prosthetic material [13, 113]. This device is thought
to clinically improve both vascular access maturation and patency [13]. Manson
et al. [113] demonstrated safety and technical practicality in a human pilot study
involving 10 patients. Subsequently, a prospective study of 41 patients performed at
two centers by Chemla et al. [127] evaluated the maturation, patency, and safety of
AVF using the Optiflow device. Unassisted maturation (defined as an outflow vein
>/= 5 mm in diameter and flow >/= 500 ml/min not requiring intervention to
maintain or promote maturation) was achieved in 72% of AVFs at 42 days and 68%
at 90 days, unassisted patency in 88% of AVFs at 42 days and 78% at 90 days, and
no serious device-related adverse events were reported [127]. In summary, the
Optiflow device has shown promise in very small sample sizes and requires further
evaluation in an RCT that is powered to confirm these clinical benefits.

4.2.2 Endovascular AVF creation

The creation of an AVF with an endovascular approach using a radiofrequency
magnetic catheter-based system is suggested to cause less vessel trauma, resulting in
a reduced stimulus for the formation of neointimal hyperplasia [13, 128]. Clinically
this has the potential to translate into improved vascular access maturation and
patency [13]. A prospective, single-arm, multicenter study (Novel Endovascular
Access Trial [NEAT]) enrolled 80 patients (57% pre-dialysis and 43% on dialysis)
who underwent endovascular arteriovenous anastomosis creation (Table 1) [114].
The AVF was successfully created in 98% of participants (95% CI 91–100%). Phys-
iologically suitable AVF dialysis, defined as a brachial artery flow ≥500 mL/min and
vein diameter ≥ 4 mm within 3 months, was achieved in 87% of participants (95%
CI 75–94%) and 64% (95% CI 48–78%) were able to receive prescribed hemodialy-
sis through the AVF using two-needle cannulation. Primary patency at 12 months
was 69% (95% CI 54–79%) and cumulative patency 84% (95% CI 71–91%), and 24
secondary AVF interventions were required in 19 participants (0.46/patient-year).
Serious procedure-related adverse events (access-site management, hemostasis and
pseudoaneurysm) occurred in 8% of participants. These results suggest that
endovascular AVF creation may be a viable, minimally invasive alternative for
creating vascular access. However, long-term outcomes are currently lacking and
comparison to open surgical techniques in a randomized controlled fashion may be
difficult due to the unique location and type of vessels used for AVF.

4.2.3 Far infrared therapy

Infrared radiation is an invisible electromagnetic wave, with wavelengths rang-
ing from 5.6 to 1000 μm [17]. This energy is perceived as heat by the thermorecep-
tors in the surrounding skin [116]. Far infrared therapy (FIT) has been shown to
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inhibit vascular smooth muscle cell proliferation and platelet aggregation [116],
promote vasodilation [129], improve endothelial function [130] and reduce oxida-
tive stress [13]. These pleiotropic effects upon vascular biology may be beneficial in
improving maturation and vascular patency [13, 116]. An RCT by Lin et al. [116]
involving 145 hemodialysis patients evaluated the effect of FIT on access blood flow
and unassisted patency in native AVFs over a 12-month period (Table 1). Com-
pared to placebo, FIT resulted in increased blood flow (13.2 � 114.7 vs 33.4 �
132.3 ml/min, p < 0.021) and unassisted patency (85.9% vs 67.6% respectively, p
< 0.01) [116]. Additionally, Lin et al. [115] conducted an RCT involving 122
patients with advanced CKD pre-dialysis who underwent AVF creation. FIT applied
for 40 min three times a week for 12 months, resulted in lower rates of AVF
malfunction (thrombosis or requirement of intervention) compared with placebo
(12% vs 29% respectively p = 0.02), higher maturation rates (82% vs 60%
p = 0.008), and higher rates of cumulative unassisted AVF patency (87% vs 70%
p = 0.01) at 12 months [115]. A subsequent meta-analysis of RCTs and quasi-RCTs
by Wan et al. [131] included 21 studies and 1899 patients of whom 960 were treated
with FIT. The result of this meta-analysis demonstrated that FIT improved primary
AVF patency (pooled risk ratio [PRR] 1.24; 95% CI 1.12–1.37, p < 0.001), improved
vascular access blood flow (mean difference [MD], 81.69 ml/min; 95% CI 46.17–
117.21, p < 0.001), superior vascular access diameter level compared to control
(MD 0.36 mm; 95% CI, 0.22–0.51, p < 0.001) and reduced AVF occlusion rates
(PRR 0.2; 95% CI 0.08–0.46, p < 0.001) [131]. The quality of evidence provided in
this meta-analysis is limited by small-scale studies of short duration (maximum
12 months). Given the convenience of FIT application during dialysis sessions and
its non-invasive nature, this treatment strategy warrants further study to confirm
the proposed benefits in improving vascular access maturation and patency.

4.2.4 Perivascular application of recombinant elastase

Elastin is a protein that provides blood vessels with their elasticity enabling
control of vessel diameter [132]. Recombinant human type-1 pancreatic elastase
(PRT-201) preferentially cleaves the peptide bonds abundant in elastin [133, 134].
Fragmentation of elastin leads to vasodilation and inhibits migration of adventitial
myofibroblasts into the intimal layer [13, 135]. The rationale behind the use of PRT-
201 is the theoretical assumption that application after AVF creation should destroy
the elastin in the arteries and veins thereby resulting in faster AVF dilatation and
maturation [1, 13]. Due to difficulties with inactivation of the enzyme following
systemic administration, PRT-201 needs to be applied locally during surgery to
provide targeted antiprotease effect [136]. Animal studies reported an increase in
vessel diameter, blood flow, and inhibition of intimal hyperplasia with use of PRT-
201 [137, 138]. An RCT [118] of 89 patients comparing low (0.01, 0.03 mg),
medium (0.1, 0.3, 1.0 mg) and high (3.0, 6.0, 9.0 mg) dose PRT-201 vs placebo
applied during AVG creation reported a larger percentage increase in outflow vein
diameter intraoperatively with PRT-201 (5% placebo vs 13% [p = 0.01], 15%
[p = 0.070], 12% [p < 0.001] in the low, medium and high dose groups, respec-
tively) (Table 1). In contrast, only high dose PRT-201 led to a significant increase in
blood flow compared to placebo (15% placebo vs 19% [p = 0.34], 36% [p = 0.09],
46% [p = 0.02], low, medium and high doses respectively) [118]. Conversely, a
double-blind, randomized, placebo-controlled trial of a single local application of
PRT-201 in 151 patients with advanced kidney disease undergoing AVF creation
found no significant difference in unassisted primary patency over 1 year with low
dose PRT compared to placebo (HR 0.69, 95% CI 0.39–1.22, p = 0.19 for 10 μg PRT-
201 and HR 0.67, 95% CI 0.38–1.19, p = 0.17 for 30 μg PRT-201) [117]. While there
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is a potential immediate effect of high dose PRT-201 on intraoperative vein outflow
diameter and blood flow, clinically meaningful long-term outcomes have not yet
been addressed in adequately powered RCTs.

4.2.5 Endothelial loaded gel foam wrap (Vascugel)

Vascugel is an endothelial-cell-loaded wrap comprising a gel foam with alloge-
neic aortic endothelial cells [1, 53, 121]. Vascugel mediates its effects through the
local delivery of “functional” endothelial cells at the anastomosis to promote out-
ward vascular remodeling and prevent neointimal hyperplasia [1]. Preclinical stud-
ies involving porcine models of AVF and AVG have reported that local application
of Vascugel resulted in a reduction in thrombus formation and vessel wall inflam-
mation, an increase in luminal diameter and outward remodeling accompanied by
reductions in MMP-2 expression, neovascularization and adventitial fibrosis
[119, 120]. A phase II trial by Conte et al. [121] suggested that the use of Vascugel
was a safe approach for local response to injury control at anastomotic sites,
although it did not significantly affect primary and assisted patency rates in treated
AVF and AVG compared with placebo (Table 1). A retrospective analysis of this
trial showed an improved primary patency when Vascugel was used in AVGs of
diabetic patients (p = 0.05), although the results of such a post hoc analysis should
be interpreted with caution [53]. In summary, Vascugel has been identified as a safe
intervention, though its clinical benefit on vascular access function has not been
consistently demonstrated in human trials. Adequately powered RCTs investigating
its clinical application are still needed.

4.2.6 Antiproliferative agents: COLL-R (drug-eluted combination product of collagen
membrane and sirolimus)

Sirolimus (rapamycin) is an antiproliferative agent with immunosuppressive,
anti-inflammatory and antiproliferative effects [139, 140], that has been shown to
reduce vascular smooth muscle cell proliferation [13] and neointimal hyperplasia in
vascular access [122]. When delivered locally, sirolimus reduces neointimal hyper-
plasia in coronary re-stenosis [1, 141–143]. COLL-R is a drug-eluted combination
product of sirolimus and a collagen membrane, which can be implanted around the
adventitial surface either at the arteriovenous anastomosis of the AVF or at the graft-
vein anastomosis of the AVG [1, 13, 122]. Sirolimus is then eluted from the COLL-R,
inhibiting neointimal proliferation at the anastomosis [122], translating clinically to a
potential improvement in vascular access maturation and patency [13]. A single-arm
phase II study by Paulson et al. [122] containing a cohort of 12 hemodialysis patients
undergoing AVG formation with intraoperative COLL-R placement demonstrated
primary unassisted patency rates of 75% at 12 months and 38% at 24 months and a
thrombosis rate of 0.37 episodes per patient year (Table 1) [122]. In a sub-group of 5
patients, whole blood sirolimus levels reached a mean peak of 4.8 ng/mL at 6 h and
were less than 1 ng/mL at 1 week. Results from a phase III RCT evaluating AVF
suitability for dialysis at 6 months with and without a perivascular Sirolimus-Eluting
Collagen Implant are currently awaited (NCT02513303).

4.2.7 Paclitaxel-coated balloon angioplasty

Drug-eluting balloons can deliver antiproliferative agents (such as paclitaxel) at
angioplasty sites and thereby reduce neointimal hyperplasia and restenosis follow-
ing endothelial injury caused by the angioplasty [1, 144]. Paclitaxel-coated balloon
(PCB) angioplasty has been successfully used to treat coronary stenosis [145] and
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peripheral vascular disease [146]. In 40 patients with stenotic AVFs and AVGs, PCB
angioplasty resulted in better target lesion and circuit primary patency rates at 6
months compared to high pressure balloon (HPB) angioplasty (70% vs 25% respec-
tively, p < 0.001) [124] . Lai et al. [147] also reported improved AVF patency rate
at 6 months in 10 patients (70% vs 0%, p < 0.01) although this was no longer
statistically significant at 12 months (20% vs 0%, P > 0.05). A subsequent single
center RCT by Kitou et al. [123] randomized 40 patients to receive PCB angioplasty
or HPB angioplasty for dysfunctional AVFs, with a 12-month follow-up (Table 1).
Primary endpoints included device success, anatomic success, clinical success and
target lesion revascularization-free survival with secondary endpoints of dialysis
circuit primary patency and procedure related complications [123]. Use of PCB
angioplasty in dysfunctional AVFs resulted in superior target lesion
revascularization-free survival (PCB 308 days; HPB 161 days; HR 0.478; 95% CI
0.236–0.966, p = 0.03) and dialysis access circuit primary patency (PCB 270 days;
HPB 161 days; HR 0.479; 95% CI 0.237–0.968; p = 0.04) in comparison to HPB
angioplasty, though, additional HPB post dilatation was required in 65% of cases.
Current trial results support the use of PCB angioplasty to prevent re-stenosis in
AVF. However, higher costs compared to conventional angioplasty and the lack of
larger RCTs currently prevent its routine use in clinical practice.

5. Process of care and individualization

Systemic and local therapies to improve arteriovenous access outcomes have
been limited, as outlined above. A multipronged approach including optimization of
process of care may be more powerful to increase the use of AVFs or AVGs, as
opposed to CVCs, than a single therapeutic intervention. An integrated approach to
arteriovenous access care which included nephrologists, vascular surgeons, radiolo-
gists, access coordinators, and scheduled access procedures with tracked outcomes
was demonstrated by Allon et al. [148] to reduce complications associated with
surgical access procedures. These benefits included a 60% decreased rate of AVG
thrombosis, improved graft secondary patency procedures, and an increase in the
AVF creation rate from 33 to 69%. Arora et al. [149] found that patients who were
referred to a nephrologist at least 4 months prior to dialysis initiation were 10 times
more likely to have a successful functioning access at the first dialysis session, with
40% in the early referral group initiating dialysis with permanent vascular access
(80% AVFs, 20% AVGs) vs 4% in the late referral group. This was supported by
Roubicek at el [150] who found that 53% of patients referred early for arteriovenous
access creation had functional AVFs vs 12% who were referred late. Having a
vascular access coordinator can improve the number of AVFs created and decrease
vascular access-related hospitalizations and infections [151]. Other strategies,
including vein preservation policies, patient education regarding vein protection
and access care, preoperative vein mapping and timely access creation have been
found to increase fistula prevalence, decrease primary vascular access failure and
increase cumulative patency [152–154]. The literature suggest that superior arterio-
venous access success is achieved when the AVF is created by a skilled vascular
surgeon, [45–49], with the emphasis being placed on the number of AVFs created
over the total years of training [48, 50]. In the post-operative setting, timely
assessment of arteriovenous access at 4 weeks is recommended to ensure access
function is adequate, and to enable early surgical or endovascular intervention to
prevent or treat primary access failure. Finally, arteriovenous access cannulation by
appropriately trained staff has been shown to prolong AVF survival, while also
minimizing the risk of infection.
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6. Conclusion and future direction

The medical community’s understanding of the pathology and pathogenesis of
vascular access dysfunction has improved dramatically in recent times and enabled
the development of novel targeted treatment approaches. The combination of
interventions focusing on upstream events (i.e. optimization of hemodynamics and
reduction in vascular injury through surgical/endovascular techniques) and down-
stream pathways (antiproliferative and anti-inflammatory therapies) may be a
promising treatment approach to be assessed in future trials. Emphasis of a multi-
pronged approach including optimization of process of care, education, surgical
skills and surveillance combined with targeted therapies may yield the best out-
comes and should be evaluated with innovative trial designs.
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Promising Role of Vascular 
Endothelial Growth Factor-A in 
Risk Stratification after PCI
Olga V. Petyunina, Mykola P. Kopytsya, Iurii S. Rudyk  
and Ganna S. Isayeva

Abstract

Vascular endothelial growth factor-A (VEGF-A), dimeric glycoprotein, is a 
potent endothelial cell-specific mitogen which plays a key role in angiogenesis, espe-
cially in response to ischemia. Biomarkers reflect various pathophysiological faces of 
spherical LV transformation that related to myocardial stress due to persisted isch-
emia, fibrosis, and inflammation, and they may be helpful to improve risk stratifica-
tion, more personalized medical approach for creating of individual medical care for 
HF preventing and adjusted treatment after STEMI. VEGF-A decrease ≤172.4 pg./
ml on the 7th day of STEMI allows to prognose after infarction angina after 6-month 
observation (area under curve (AUC) 0.697, with sensitivity 88.9% and specific-
ity 50.9%; 95% CI 0.567–0.807, P = 0.0515). Anxiety and depression 10–14 days 
before MI associated with VEGF-A level decrease (anxiety (Taylor): OR 0.834, 95% 
CІ 0.726–0.959, Р = 0.0107; depression (HADS): OR 0.741, 95% CІ 0.535–1.027, 
Р = 0.0519. Cut-off VEGF-A level ≤201.86 pg./ml on the 7th day of STEMI (AUC 
0.711, sensitivity 85.7% and specificity 57.9%; 95% CІ 0.513–0.908, Р = 0.036) was 
effective for prognosis of dysadaptive left ventricular remodeling in STEMI patients 
after 6-month observation period. These findings may open new approach to stratify 
patients with successful coronary revascularization at risk of HF.

Keywords: vascular endothelial growth factor-A, STEMI, prognostication

1. Introduction

Vascular endothelial growth factor-A (VEGF-A) plays a key role in inducing 
angiogenesis. Angiogenesis is a multifunctional process of new vessels formation 
by gemmation or by cleavage of the already existing ones. There are the following 
successive stages of angiogenesis: (1) vasodilatation; (2) migration with adhesion 
and proliferation of endothelial cells; (3) formation of the vascular wall of a new 
three-layer vascular tube that develops as the circulation restores [1]. The VEGF was 
discovered in 1983 [2] as a factor raising vascular permeability, further evidence 
of a wider range of cytokine activity was obtained. There are 7 representatives of 
the VEGF family—VEGF-A, B, C, D, E, F, the growth factor of the placenta. The 
most common is VEGF-A, which is a homodimeric highly glycosylated protein 
with the molecular weight of 36–46 kDa. VEGF is registered in the heart, lungs, 
kidneys, adrenal glands, liver, spleen, stomach, and expression of the protein grows 
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under the pathology conditions. VEGF-A is represented by homodimeric isoforms 
consisting of 121, 145, 148, 165, 183, 189, 206 amino acid residues, among which the 
essential for the vascular system adequate development is VEGF-165 [3–6].

VEGF-A is produced by endothelial cells, smooth muscle vessels, macrophages, 
cardiac fibroblasts, lymphocytes, polymorphous nuclear cells, megakaryocytes, 
monocytes, platelets. Expression of VEGF-A depends on hypoxia, including 
hypoxia-induced factor, proangiogenic factors (HIF-1, EGF, PDGF, FGF,  
IL-1-beta), angiotensin II, endotoxin, high glucose level, IL-6, IL-8, IL-10, pH of 
the medium, oxygen concentration [4–6]. Its products are enhanced by aggrega-
tion of platelets, stretching of the left ventricle myocardium. VEGF is a proin-
flammatory cytokine, it inhibits the formation of dendritic cells, promotes the 
expression of monocytes, macrophages, leukocytes migration, stimulates adhesive 
molecules, and the activity of CD34 [7].

VEGF-A is a promoter of the collaterals formation in the ischemic myocardium, 
has a positive effect on revascularization through the following mechanisms: 
selective mitogenic effect on endothelial cells, stimulation of vascular endothelial 
cells expression, their proliferation, regeneration, vascular permeability increase, 
vasodilatation by activating NO synthase and prostacyclin, inhibition of apoptosis, 
matrix proteinase products. VEGF has antithrombotic properties due to the activa-
tion of serine proteases, urokinase, plasminogen activator, and the thrombolytic 
enzymes generation. However, VEGF induces the formation of the Willebrand 
factor and thrombogenesis [3, 4, 7].

In coronary artery disease (CAD), the double role of VEGF-A has been deter-
mined: under the conditions of acute or chronic myocardial ischemia, VEGF-A is a 
promoter of the coronary collaterals development, which promotes adequate blood 
circulation, oxygen saturation, cardiomyocyte loss prevention, heart remodeling 
improvement, and ultimately, a positive cardioprotective effect [8–11]. However, 
the negative component of the VEGF-A is its proatherogenic properties [12], which 
are implemented through the protein participation in the inflammatory infiltra-
tion of the atherosclerotic plaque, its neovascularization and destabilization. The 
VEGF expression promotes the process of monocytes migration with subsequent 
transformation into macrophages, the formation of foam cells and atherosclerotic 
tissues. The VEGF stimulates the matrix metalloprotease expression, which causes 
the extracellular matrix dissolution and the endothelium migration into a collagen 
gel with the endothelial tubes formation. The de novo formed vessels contribute to 
the plaque growth, its rupture, and destabilization of the clinical course in coronary 
artery disease [7, 13].

Information on changes in the VEGF-A level with stable CAD compared to the 
healthy group varied from its increase [14–16], to decrease [17] or lack of changes [18].  
A number of studies have shown a direct correlation between the level of VEGF-A 
growth and the degree of damage to coronary vessels. Kucukardali et al. [16], exam-
ined the relationship in patients with proven CHD between the level of VEGF-A in 
blood plasma and the degree of coronary occlusion and the traditional risk factors. 
Groups with normal coronary angiogram (control), critical coronary injuries 
(with stenosis >70%) and non-critical changes (with stenosis of 40–70%) were 
selected. Logistic regression analysis showed that the VEGF-A level in patients with 
critical coronary sclerosis was significantly higher than in patients with normal 
coronary angiogram and non-critical stenosis. Higher levels of total cholesterol and 
LDL cholesterol in patients with critical stenosis were detected, VEGF-A negative 
correlation with hemoglobin and the positive correlation between VEGF-A and the 
age. No relationship was found between VEGF-A and other cardiac risk factors. 
The authors believe that the VEGF-A level growth in patients with coronary heart 
disease indicates critical coronary sclerosis [16]. Lin et al. [14], showed that the 
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VEGF-A level in patients with total coronary occlusion was higher than in patients 
with partial stenotic injuries, indicating the compensatory role of the VEGF-A in 
angiogenesis. Nakajama et al. [15], in patients with marked coronary atherosclero-
sis, detected increased levels of VEGF-A compared to moderate stenosis or its lack 
thereof. Alber et al. [18], however, did not find correlations between the concentra-
tion of VEGF-A in the blood plasma, the presence, severity and extent of coronary 
vessels injuries. The authors drew attention to the fact that in patients treated with 
statins, the level of VEGF-A was lower, this trend indicates the mechanisms of 
statins’ antiangiogenic effect.

Ramos et al. [17], studied the dynamics of the VEGF-A level after PCI and its 
role as a predictor of major adverse cardiovascular events (MACE). Patients with 
ACS (STEMI, MI without ST segment elevation, unstable angina) and without ACS 
with stable angina pectoris were examined. The content of VEGF-A in the blood 
serum before PCI did not depend on the clinical form and was lower than that in 
the healthy group. The level of VEGF-A grew 1 month after revascularization and 
remained stable during 1 year of observation, reaching the control group’s value. 
The results indicate the positive role of the VEGF-A level growth in the endothelium 
regeneration.

Angiogenesis and the coronary collaterals formation in AMI is of particular 
importance as an adaptation process in response to myocardial hypoxia. An increase 
in collateral circulation limits myocardial ischemia, prevents the spread of necrosis, 
improves the function of the myocardium [8]. The ability of VEGF-A to promote the 
development of collateral circulation has been demonstrated on the MI experimental 
models in animals. The use of VEGF for therapeutic angiogenesis in AMI in experi-
mental animals was performed by intracardiac administration of VEGF-encoding 
genes, use of deproteinized isoforms of DNA (pVEGF 165), adenoviral vectors (Ad 
VEGF 121), etc. As a result, initially, in the perinecrotic zone, in remote areas, and 
then in the MI zone, there was an increase in the number of functioning capillar-
ies, their bulk surface, anastomoses, activation of capillary collateral circulation 
[1, 9], improvement of cardiac micro vessels regeneration, cardiac function [10], 
fibrosis reduction and increasing of the myocardium contractile function [11], which 
ultimately reflects the cardioprotective effects of VEGF-A as a result of angiogenesis 
and endothelial cells proliferation.

In most clinical studies, an increase in the VEGF-A level in AMI compared to 
healthy persons, patients with stable or unstable angina [8, 19–24] was determined. 
At the same time, in works by Ramos et al. [17], the level of VEGF-A in patients 
with CAD was lower than in healthy persons, and its differences between clinical 
forms of coronary heart disease were not found.

The analysis of the factors influencing the VEGF level growth in AMI showed 
the following. The classic cardiovascular risk factors (gender, age, hypertension, 
overweight, diabetes mellitus, smoking, hypercholesterolemia) in patients with 
AMI did not correlate with the VEGF-A level [8, 17, 21, 25], although the VEGF-A 
level in patients with H, DM, high BMI, obesity, HF without MI were different from 
healthy ones.

Comparison of the VEGF-A level in patients with AMI with single- and multi-
vascular coronary sclerosis revealed a lack of cytokine correlation with a heart 
attack-dependent coronary artery [8, 21, 26], simultaneously, Wojakovski et al. 
[24], determined higher values of VEGF-A in the blood serum in patients with MI 
with multi-vessel injuries compared to those with single-vessel ones. No relation-
ship was found between the VEGF level and the heart attack localization [8]. 
Results of the connection between the VEGF and the size of the myocardial injury, 
which were determined by the level of CK, CK-MB cardiomarkers, were ambiguous. 
Kranz et al. [8], Shimokawahara et al. [21] did not find any connection between 



Vascular Access Surgery - Tips and Tricks

120

under the pathology conditions. VEGF-A is represented by homodimeric isoforms 
consisting of 121, 145, 148, 165, 183, 189, 206 amino acid residues, among which the 
essential for the vascular system adequate development is VEGF-165 [3–6].

VEGF-A is produced by endothelial cells, smooth muscle vessels, macrophages, 
cardiac fibroblasts, lymphocytes, polymorphous nuclear cells, megakaryocytes, 
monocytes, platelets. Expression of VEGF-A depends on hypoxia, including 
hypoxia-induced factor, proangiogenic factors (HIF-1, EGF, PDGF, FGF,  
IL-1-beta), angiotensin II, endotoxin, high glucose level, IL-6, IL-8, IL-10, pH of 
the medium, oxygen concentration [4–6]. Its products are enhanced by aggrega-
tion of platelets, stretching of the left ventricle myocardium. VEGF is a proin-
flammatory cytokine, it inhibits the formation of dendritic cells, promotes the 
expression of monocytes, macrophages, leukocytes migration, stimulates adhesive 
molecules, and the activity of CD34 [7].

VEGF-A is a promoter of the collaterals formation in the ischemic myocardium, 
has a positive effect on revascularization through the following mechanisms: 
selective mitogenic effect on endothelial cells, stimulation of vascular endothelial 
cells expression, their proliferation, regeneration, vascular permeability increase, 
vasodilatation by activating NO synthase and prostacyclin, inhibition of apoptosis, 
matrix proteinase products. VEGF has antithrombotic properties due to the activa-
tion of serine proteases, urokinase, plasminogen activator, and the thrombolytic 
enzymes generation. However, VEGF induces the formation of the Willebrand 
factor and thrombogenesis [3, 4, 7].

In coronary artery disease (CAD), the double role of VEGF-A has been deter-
mined: under the conditions of acute or chronic myocardial ischemia, VEGF-A is a 
promoter of the coronary collaterals development, which promotes adequate blood 
circulation, oxygen saturation, cardiomyocyte loss prevention, heart remodeling 
improvement, and ultimately, a positive cardioprotective effect [8–11]. However, 
the negative component of the VEGF-A is its proatherogenic properties [12], which 
are implemented through the protein participation in the inflammatory infiltra-
tion of the atherosclerotic plaque, its neovascularization and destabilization. The 
VEGF expression promotes the process of monocytes migration with subsequent 
transformation into macrophages, the formation of foam cells and atherosclerotic 
tissues. The VEGF stimulates the matrix metalloprotease expression, which causes 
the extracellular matrix dissolution and the endothelium migration into a collagen 
gel with the endothelial tubes formation. The de novo formed vessels contribute to 
the plaque growth, its rupture, and destabilization of the clinical course in coronary 
artery disease [7, 13].

Information on changes in the VEGF-A level with stable CAD compared to the 
healthy group varied from its increase [14–16], to decrease [17] or lack of changes [18].  
A number of studies have shown a direct correlation between the level of VEGF-A 
growth and the degree of damage to coronary vessels. Kucukardali et al. [16], exam-
ined the relationship in patients with proven CHD between the level of VEGF-A in 
blood plasma and the degree of coronary occlusion and the traditional risk factors. 
Groups with normal coronary angiogram (control), critical coronary injuries 
(with stenosis >70%) and non-critical changes (with stenosis of 40–70%) were 
selected. Logistic regression analysis showed that the VEGF-A level in patients with 
critical coronary sclerosis was significantly higher than in patients with normal 
coronary angiogram and non-critical stenosis. Higher levels of total cholesterol and 
LDL cholesterol in patients with critical stenosis were detected, VEGF-A negative 
correlation with hemoglobin and the positive correlation between VEGF-A and the 
age. No relationship was found between VEGF-A and other cardiac risk factors. 
The authors believe that the VEGF-A level growth in patients with coronary heart 
disease indicates critical coronary sclerosis [16]. Lin et al. [14], showed that the 
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VEGF-A level in patients with total coronary occlusion was higher than in patients 
with partial stenotic injuries, indicating the compensatory role of the VEGF-A in 
angiogenesis. Nakajama et al. [15], in patients with marked coronary atherosclero-
sis, detected increased levels of VEGF-A compared to moderate stenosis or its lack 
thereof. Alber et al. [18], however, did not find correlations between the concentra-
tion of VEGF-A in the blood plasma, the presence, severity and extent of coronary 
vessels injuries. The authors drew attention to the fact that in patients treated with 
statins, the level of VEGF-A was lower, this trend indicates the mechanisms of 
statins’ antiangiogenic effect.

Ramos et al. [17], studied the dynamics of the VEGF-A level after PCI and its 
role as a predictor of major adverse cardiovascular events (MACE). Patients with 
ACS (STEMI, MI without ST segment elevation, unstable angina) and without ACS 
with stable angina pectoris were examined. The content of VEGF-A in the blood 
serum before PCI did not depend on the clinical form and was lower than that in 
the healthy group. The level of VEGF-A grew 1 month after revascularization and 
remained stable during 1 year of observation, reaching the control group’s value. 
The results indicate the positive role of the VEGF-A level growth in the endothelium 
regeneration.

Angiogenesis and the coronary collaterals formation in AMI is of particular 
importance as an adaptation process in response to myocardial hypoxia. An increase 
in collateral circulation limits myocardial ischemia, prevents the spread of necrosis, 
improves the function of the myocardium [8]. The ability of VEGF-A to promote the 
development of collateral circulation has been demonstrated on the MI experimental 
models in animals. The use of VEGF for therapeutic angiogenesis in AMI in experi-
mental animals was performed by intracardiac administration of VEGF-encoding 
genes, use of deproteinized isoforms of DNA (pVEGF 165), adenoviral vectors (Ad 
VEGF 121), etc. As a result, initially, in the perinecrotic zone, in remote areas, and 
then in the MI zone, there was an increase in the number of functioning capillar-
ies, their bulk surface, anastomoses, activation of capillary collateral circulation 
[1, 9], improvement of cardiac micro vessels regeneration, cardiac function [10], 
fibrosis reduction and increasing of the myocardium contractile function [11], which 
ultimately reflects the cardioprotective effects of VEGF-A as a result of angiogenesis 
and endothelial cells proliferation.

In most clinical studies, an increase in the VEGF-A level in AMI compared to 
healthy persons, patients with stable or unstable angina [8, 19–24] was determined. 
At the same time, in works by Ramos et al. [17], the level of VEGF-A in patients 
with CAD was lower than in healthy persons, and its differences between clinical 
forms of coronary heart disease were not found.

The analysis of the factors influencing the VEGF level growth in AMI showed 
the following. The classic cardiovascular risk factors (gender, age, hypertension, 
overweight, diabetes mellitus, smoking, hypercholesterolemia) in patients with 
AMI did not correlate with the VEGF-A level [8, 17, 21, 25], although the VEGF-A 
level in patients with H, DM, high BMI, obesity, HF without MI were different from 
healthy ones.

Comparison of the VEGF-A level in patients with AMI with single- and multi-
vascular coronary sclerosis revealed a lack of cytokine correlation with a heart 
attack-dependent coronary artery [8, 21, 26], simultaneously, Wojakovski et al. 
[24], determined higher values of VEGF-A in the blood serum in patients with MI 
with multi-vessel injuries compared to those with single-vessel ones. No relation-
ship was found between the VEGF level and the heart attack localization [8]. 
Results of the connection between the VEGF and the size of the myocardial injury, 
which were determined by the level of CK, CK-MB cardiomarkers, were ambiguous. 
Kranz et al. [8], Shimokawahara et al. [21] did not find any connection between 
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VEGF-A and CK; Hojo et al. [20], Ogawa et al. [22], showed a positive correlation 
between VEGF-A and CK-MB and suggested an association between the prevalence 
of MI and the increase in the VEGF-A formation.

Several studies were devoted to the dynamics of VEGF-A in the acute phase of 
the MI and the subsequent post-infarction prognosis. The VEGF-A level in AMI 
after PCI peaked on the 7th–14th days [8, 20, 21, 27, 28] and returned to the norm 
for 6 months [28]. According to experimental data, administering of VEGF 124 
before the coronary artery occlusion was accompanied by a pronounced activation 
of the angiogenesis process, collateral circulation in the perinecrotic zone and the 
distant regions of myocardium on the 7th day of the experiment [1]. It is possible to 
assume that a peak increase in the VEGF-A level for 7–10 days of AMI corresponds to 
the beginning of active angiogenesis. Mechanisms of VEGF-A endogenous expres-
sion activation in AMI are associated with response to hypoxia and acute myocardial 
ischemia and are implemented at the molecular level. A number of studies have pro-
vided additional information on the pathogenesis of VEGF-A expression enhance-
ment in AMI. Thus, according to Hojo et al. [20], in patients with AMI, VEGF-A 
level was determined in the blood serum and in mononuclear cells of peripheral 
blood. Its blood serum levels peaked at the 14th day of AMI and correlated positively 
with the CK. There was a slight difference in the VEGF-A level in mononuclear 
cells: it was maximally elevated on the 7th day of AMI, did not correlate with CK, its 
reliably higher values were determined in patients with LVEF—≥40% compared to 
the VEGF group <40%. The authors believe that peripheral blood mononuclear cells 
are an important source of VEGF-A, and if they are mononuclear cells that infiltrate 
myocardium injured by infarction, VEGF-A, locally formed by mononuclear cells, 
promotes endothelial proliferation, the formation of microvessels, recovery of 
the damaged endothelium, healing of the infarcted myocardium, performing an 
important role in improving systolic function after MI [20].

Kranz et al. [8], observed a significant increase in the level of VEGF-A in the 
blood of AMI patients, which was maximally expressed on the 7th–10th days and 
reached the baseline value for 6 months, with unstable angina, the cytokine value 
did not reliably differ from the control. The absence of VEGF-A level differences in 
the blood serum and coronary sinus was detected unexpectedly, i.e. the infracted 
myocardium is not the main source of VEGF-A in the blood stream. The authors 
found a reliable growth in the number of platelets in the dynamics of MI. Platelets 
are an important source of VEGF-A, and the cytokine level growth in AMI can be 
explained by an increase in the number of platelets, and their aggregation enhance-
ment, which leads to the secretion of growth factors from alpha granules.

Korybalska et al. [23], determined a significant increase in the level of VEGF-A 
in the blood serum of STEMI patients compared to healthy individuals. The num-
ber of platelets did not differ between patients with STEMI and healthy persons, 
however, in patients with STEMI, a direct reliable correlation between VEGF-A 
and platelets was found. The cytokine concentration increased immediately after 
retrosternal pain onset in patients with occlusive thrombi, which corresponded to 
the 3–4° by the TIMI scale. The authors believe that the VEGF-A level growth in 
patients with STEMI occurs not only due to ischemia and hypoxia of the myocar-
dium, but can also be formed from activated platelets and characterize patients with 
increased intracoronary thrombosis [23].

Wojakovski et al. [24], studied the correlation between the levels of the VEGF, 
pro- and anti-inflammatory markers, traditional risk factors, the status of sys-
tolic function of the lungs, and the marker of inflammation—high sensitive CRP 
(hsCRP) in patients with AMI and stable angina. The authors found that the level 
of VEGF-A in patients with AMI was reliably higher than in those with stable 
angina, in AMI patients with a multi-vessel injury it was higher than in those with 
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mono-vascular injury, in group with EF <40% and Killip III–IV class in comparison 
with EF >40% and Killip I–II class, with a duration of pain syndrome >6 h compared 
to that of <6 h. Acute myocardial ischemia was associated with a reduction in the 
level of anti-inflammatory cytokine IL-10. Although the authors did not find cor-
relation between VEGF-A and IL-10, they believe that changes of these cytokines 
concentration will help identify persons with high cardiovascular risk. The level 
of hsCRP, a marker, the importance of which was proven in inflammation, had a 
negative correlation with anti-inflammatory cytokine IL-10 and a positive one with 
VEGF-A, which indicates the VEGF-A participation in the immune response to AMI.

Eržen et al. [28], determined a reliable increase in the level of the VEGF in 
patients with MI, on average 20.5 months ago, compared to the control, a reliable 
positive correlation between the VEGF level and the pro-inflammatory IL-6 and 
IL-8 molecules, lack of correlation between VEGF and the atherosclerotic injury 
parameters, although dilatation of the right shoulder artery and the intima-media 
thickness of the common carotid artery in the examined patients were significantly 
weakened. The authors believe that the VEGF-A increase in the stable phase after 
the past MI is a part of inflammatory activity, since VEGF-A in these patients 
stimulates neovascularization, inflammation of the plaque and promotes its desta-
bilization, its level increase may have a negative prognostic value.

An important component in raising the VEGF-A level, angiogenesis enhanc-
ing, cardiac blood flow, myocardial perfusion, oxygen transport, and the entry of 
energy substrates into cardiomyocytes is its effect on the structural and functional 
parameters of the myocardium, followed by adaptive or dysadaptive remodeling. 
Moreover, the VEGF-A expression and its receptors in cardiac fibroblasts and 
non-endothelial cells with properties of fibroblasts that perform tissue growth and 
regeneration assumes cytokine involvement in the process of myocardial remodel-
ing in the ischemia and necrosis zones [29]. With experimental MI in rats, adminis-
tration of VEGF-A-165 and VEGF-B-167 into the myocardium reduced myocardial 
fibrosis and improved its contractile function, viability, and remodeling of the left 
ventricle [11]. Administration of anti-P-selectin-conjugated liposomes containing 
the VEGF to experimental MI rats was accompanied by a 37% reduction in collagen 
deposition in the myocardium, a significant improvement in the pressure of the LV 
filling, with a significant improvement in the cardiac function 4 weeks after the 
MI: LV EDD reduction, growth of the fractional shortening, at the same time, the 
number of anatomical and perfused vessels increased [10, 30, 31]. Injection of  
the collagen-bound VEGF domain resulted in the infarction area reduction, 
improvement of the processes of LV remodeling within 3 months, and 12 months 
later, in the MI zone, mature vasculature and myocardium-like tissues were 
observed. Thus, the protection of cardiomyocytes from apoptosis and involvement 
of precursor cells in the infarction zone occurred [32].

The results of clinical studies on the correlation between VEGF-A and post-
infarction remodeling are ambiguous. Thus, in the AMI patients, the indices of LV 
volumes, determined by ventriculography on the 14th day of AMI, were increased 
in the group with a high peak VEGF-A value compared to the low VEGF-A value 
group, the peak of the VEGF-A plasma level positively correlated with LV EDV 
and LV ESV. These differences were absent in the chronic phase of MI. The authors 
believe that endogenous VEGF-A plays an important role in the dilatation of LV in 
patients with AMI [21]. Soeki et al. [33], referred patients, in whom 3 months after 
the AMI an increase in the EDV-index was more than 5 ml/m2, to the group with 
remodeling; the authors did not find changes in the VEGF level between patients 
with and without remodeling. However, patients with AMI and improvement of 
systolic function, compared to patients without such improvement, had higher 
VEGF-A levels in mononuclear cells of the peripheral blood; the authors believe that 
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VEGF-A and CK; Hojo et al. [20], Ogawa et al. [22], showed a positive correlation 
between VEGF-A and CK-MB and suggested an association between the prevalence 
of MI and the increase in the VEGF-A formation.

Several studies were devoted to the dynamics of VEGF-A in the acute phase of 
the MI and the subsequent post-infarction prognosis. The VEGF-A level in AMI 
after PCI peaked on the 7th–14th days [8, 20, 21, 27, 28] and returned to the norm 
for 6 months [28]. According to experimental data, administering of VEGF 124 
before the coronary artery occlusion was accompanied by a pronounced activation 
of the angiogenesis process, collateral circulation in the perinecrotic zone and the 
distant regions of myocardium on the 7th day of the experiment [1]. It is possible to 
assume that a peak increase in the VEGF-A level for 7–10 days of AMI corresponds to 
the beginning of active angiogenesis. Mechanisms of VEGF-A endogenous expres-
sion activation in AMI are associated with response to hypoxia and acute myocardial 
ischemia and are implemented at the molecular level. A number of studies have pro-
vided additional information on the pathogenesis of VEGF-A expression enhance-
ment in AMI. Thus, according to Hojo et al. [20], in patients with AMI, VEGF-A 
level was determined in the blood serum and in mononuclear cells of peripheral 
blood. Its blood serum levels peaked at the 14th day of AMI and correlated positively 
with the CK. There was a slight difference in the VEGF-A level in mononuclear 
cells: it was maximally elevated on the 7th day of AMI, did not correlate with CK, its 
reliably higher values were determined in patients with LVEF—≥40% compared to 
the VEGF group <40%. The authors believe that peripheral blood mononuclear cells 
are an important source of VEGF-A, and if they are mononuclear cells that infiltrate 
myocardium injured by infarction, VEGF-A, locally formed by mononuclear cells, 
promotes endothelial proliferation, the formation of microvessels, recovery of 
the damaged endothelium, healing of the infarcted myocardium, performing an 
important role in improving systolic function after MI [20].

Kranz et al. [8], observed a significant increase in the level of VEGF-A in the 
blood of AMI patients, which was maximally expressed on the 7th–10th days and 
reached the baseline value for 6 months, with unstable angina, the cytokine value 
did not reliably differ from the control. The absence of VEGF-A level differences in 
the blood serum and coronary sinus was detected unexpectedly, i.e. the infracted 
myocardium is not the main source of VEGF-A in the blood stream. The authors 
found a reliable growth in the number of platelets in the dynamics of MI. Platelets 
are an important source of VEGF-A, and the cytokine level growth in AMI can be 
explained by an increase in the number of platelets, and their aggregation enhance-
ment, which leads to the secretion of growth factors from alpha granules.

Korybalska et al. [23], determined a significant increase in the level of VEGF-A 
in the blood serum of STEMI patients compared to healthy individuals. The num-
ber of platelets did not differ between patients with STEMI and healthy persons, 
however, in patients with STEMI, a direct reliable correlation between VEGF-A 
and platelets was found. The cytokine concentration increased immediately after 
retrosternal pain onset in patients with occlusive thrombi, which corresponded to 
the 3–4° by the TIMI scale. The authors believe that the VEGF-A level growth in 
patients with STEMI occurs not only due to ischemia and hypoxia of the myocar-
dium, but can also be formed from activated platelets and characterize patients with 
increased intracoronary thrombosis [23].

Wojakovski et al. [24], studied the correlation between the levels of the VEGF, 
pro- and anti-inflammatory markers, traditional risk factors, the status of sys-
tolic function of the lungs, and the marker of inflammation—high sensitive CRP 
(hsCRP) in patients with AMI and stable angina. The authors found that the level 
of VEGF-A in patients with AMI was reliably higher than in those with stable 
angina, in AMI patients with a multi-vessel injury it was higher than in those with 
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mono-vascular injury, in group with EF <40% and Killip III–IV class in comparison 
with EF >40% and Killip I–II class, with a duration of pain syndrome >6 h compared 
to that of <6 h. Acute myocardial ischemia was associated with a reduction in the 
level of anti-inflammatory cytokine IL-10. Although the authors did not find cor-
relation between VEGF-A and IL-10, they believe that changes of these cytokines 
concentration will help identify persons with high cardiovascular risk. The level 
of hsCRP, a marker, the importance of which was proven in inflammation, had a 
negative correlation with anti-inflammatory cytokine IL-10 and a positive one with 
VEGF-A, which indicates the VEGF-A participation in the immune response to AMI.

Eržen et al. [28], determined a reliable increase in the level of the VEGF in 
patients with MI, on average 20.5 months ago, compared to the control, a reliable 
positive correlation between the VEGF level and the pro-inflammatory IL-6 and 
IL-8 molecules, lack of correlation between VEGF and the atherosclerotic injury 
parameters, although dilatation of the right shoulder artery and the intima-media 
thickness of the common carotid artery in the examined patients were significantly 
weakened. The authors believe that the VEGF-A increase in the stable phase after 
the past MI is a part of inflammatory activity, since VEGF-A in these patients 
stimulates neovascularization, inflammation of the plaque and promotes its desta-
bilization, its level increase may have a negative prognostic value.

An important component in raising the VEGF-A level, angiogenesis enhanc-
ing, cardiac blood flow, myocardial perfusion, oxygen transport, and the entry of 
energy substrates into cardiomyocytes is its effect on the structural and functional 
parameters of the myocardium, followed by adaptive or dysadaptive remodeling. 
Moreover, the VEGF-A expression and its receptors in cardiac fibroblasts and 
non-endothelial cells with properties of fibroblasts that perform tissue growth and 
regeneration assumes cytokine involvement in the process of myocardial remodel-
ing in the ischemia and necrosis zones [29]. With experimental MI in rats, adminis-
tration of VEGF-A-165 and VEGF-B-167 into the myocardium reduced myocardial 
fibrosis and improved its contractile function, viability, and remodeling of the left 
ventricle [11]. Administration of anti-P-selectin-conjugated liposomes containing 
the VEGF to experimental MI rats was accompanied by a 37% reduction in collagen 
deposition in the myocardium, a significant improvement in the pressure of the LV 
filling, with a significant improvement in the cardiac function 4 weeks after the 
MI: LV EDD reduction, growth of the fractional shortening, at the same time, the 
number of anatomical and perfused vessels increased [10, 30, 31]. Injection of  
the collagen-bound VEGF domain resulted in the infarction area reduction, 
improvement of the processes of LV remodeling within 3 months, and 12 months 
later, in the MI zone, mature vasculature and myocardium-like tissues were 
observed. Thus, the protection of cardiomyocytes from apoptosis and involvement 
of precursor cells in the infarction zone occurred [32].

The results of clinical studies on the correlation between VEGF-A and post-
infarction remodeling are ambiguous. Thus, in the AMI patients, the indices of LV 
volumes, determined by ventriculography on the 14th day of AMI, were increased 
in the group with a high peak VEGF-A value compared to the low VEGF-A value 
group, the peak of the VEGF-A plasma level positively correlated with LV EDV 
and LV ESV. These differences were absent in the chronic phase of MI. The authors 
believe that endogenous VEGF-A plays an important role in the dilatation of LV in 
patients with AMI [21]. Soeki et al. [33], referred patients, in whom 3 months after 
the AMI an increase in the EDV-index was more than 5 ml/m2, to the group with 
remodeling; the authors did not find changes in the VEGF level between patients 
with and without remodeling. However, patients with AMI and improvement of 
systolic function, compared to patients without such improvement, had higher 
VEGF-A levels in mononuclear cells of the peripheral blood; the authors believe that 
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VEGF-A, which is formed in mononuclear cells infiltrating the infarcted myocar-
dium, plays an important role in angiogenesis, re-endothelialization, restoration 
of the LV systolic function after the AMI [20]. Devaux et al. [19], determined the 
LV remodeling according to the EDV dynamics in the period between the patient’s 
hospitalization and 6 months after the MI; the first group consisted of patients 
with ΔEDV, which did not undergo significant changes or was decreasing; group 2 
included patients whose ΔEDV was increasing. The level of VEGF-B was 69% 
higher in patients with ΔEDV ≤ 0 than in patients with ΔEDV > 0. The authors 
believe that the low level of VEGF-B in blood with AMI is associated with a high risk 
of LV remodeling and is its predictor.

In accordance with the spectrum of the VEGF biological cardiovascular effects, 
a number of studies are devoted to the role of cytokine for the long-term prognosis in 
patients with MI. The contradictory results were obtained. Thus, Heeschen et al. [34],  
determined the level of VEGF-A in plasma of 1090 patients with ACS 8.7 h after the 
onset of the event. The frequency of major cardiovascular complications during the 
6 months of observation was high in patients with the initially increased VEGF-A 
level. But other studies have obtained evidence that it is the decrease in the VEGF-A 
level which is an independent prognostic factor of recurrent cardiovascular events 
in other studies. Thus, Niu et al. [25], determined the VEGF-A level on the 7th day 
after MI, groups with low and high (less than or greater than 190 ng/ml) median 
VEGF-A levels. Repeated examinations were carried out every 2 months dur-
ing the year; MACE, which included cardiovascular death, heart failure, severe 
arrhythmias, cardiogenic shock and post-infarction angina, were recorded. Within 
6 months, the MACE frequency in the VEGF-A high-level group was significantly 
lower than in the low-cytokine group. Accordingly, the VEGF-A concentration 
in the group of patients without MACE was significantly higher than that in the 
MACE group.

Multivariant regression analysis showed that the decrease of the VEGF-A level is 
an independent MACE risk factor, its high value on the 7th day after AMI determines a 
positive long-term prognosis. Matsudaira et al. [27], examined 879 patients with AMI 
after successful PCI within the framework of a prospective, multicenter NAMIS study 
(Nagoya Acute Myocardial Infarction Study). According to VEGF-A level terciles, 
which was determined on the 7th day of AMI, 3 groups were formed, in which within 
6 months of observation the major unfavorable cardiac and cerebral events were 
determined: cardiac death, repeated ACS, hospitalization for heart failure, strokes. 
Compared to the “medium” tercile, patients with the “low” tercile had a much higher 
risk of MACE. The authors believe that the low of VEGF-A level on the 7th day after 
AMI is associated with a significant increase in the MACE risk for 6 months.

Unlike the previous authors, Ramos et al. [17], determined that the level 
of VEGF-A in patients with AMI was lower than that of healthy individuals at 
admission, it was getting increased within 1 month term and remained steadily 
increased up to 1 year of observation. But in this study, it was shown that a 
decrease in the VEGF-A level < 40.8 pg./ml contributed to an increased risk of 
MACE for 5 years. The obtained results indicated the positive role of VEGF-A in 
the cardiovascular circulation restoration and confirmed its prognostic impor-
tance. In studies of Teplyakov et al. [35], the degree of ischemic genesis cardiac 
failure progression, most of the examined were postinfarction patients, there was 
a decrease in the VEGF-A level, and the initial low VEGF-A level characterized the 
unfavorable CHF course.

It is known that psychological stress is involved in the development and progres-
sion of cardiovascular disease. Thus, in an INTERHEART study performed in 52 
world countries, anxiety and depression ranked third among the MI risk factors [36].  
In Surtees et al. [37], within the 8.5 years period of observation, patients with a 
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“major” depression were by 2.7 times more likely to die from the coronary heart 
disease. Findings from this large prospective cohort study suggest that increased 
psychological distress is associated with elevated stroke risk. Episodic major depres-
sive disorder was not associated with incident stroke in this study. Doering et al. 
[38], demonstrated that the presence of anxiety and depression was the predictor of 
the overall death-rate in patients with coronary artery disease. Versteeg et al. [39],  
showed that depression was independently associated with an increased risk 
of the overall death-rate for 5 years in patients with coronary artery disease. In 
the study by Beach et al. [40], the high level of depression by the Patient Health 
Questionaire-9 (PHQ-9) was reliably associated with re-hospitalization after 
6 months in patients with acute coronary syndrome, heart failure, or arrhythmia.

Mechanisms to be associated with anxiety-depressive disorders (ADD) and 
cardiovascular diseases are complex and take into account both behavioral and 
physiological factors: smoking, lifestyle underactivity, obesity, as well as increased 
platelet aggregation, arterial pressure, reduced insulin sensitivity and disordered 
endothelial function [41, 42].

In recent years, the evidence base for participation of VEGF-A in the cerebrovascu-
lar disease pathogenesis, including ADD, is growing. VEGF-A is known to be involved 
in such processes in the central nervous system as the ontogenetic development of the 
nervous system, which includes the processes of migration, differentiation,  
synaptogenesis, myelination, neuroprotection, stimulation of neurogenesis in 
adulthood, post-ischemic restoration of cerebral and vessel tissues, stimulation of 
memory formation mechanisms. VEGF-A participates in all phases of neuro-and 
angiogenesis: formation of blood vessels de-novo from mesenchymal stem cells, 
formation of new capillaries, expansion of arteriolar anastomoses, and also demon-
strates direct neurotrophic and neuroprotective properties. Thus, the role of VEGF 
in the pathogenesis of cerebrovascular pathology, including anxiety-depressive 
disorders, is to combine angiotropic and neurotropic activity [43].

An increase in the VEGF-A level in patients with major depression was observed 
[44–48]; the correlation between depression and VEGF-A is confirmed by the 
fact that cytokine stimulates neurogenesis caused by antidepressants [49, 50]. In 
patients with coronary heart disease, higher levels of VEGF-A, CRP, IL-6 gene 
expression and cortisol level reduction were detected, indicating an increase in 
immune-mediated activity [51].

It should be noted that in these works, patients with major depression were 
somatically healthy, or patients with coronary artery disease were with a stable 
course. However, in acute experimental ischemia, psychological stress was associ-
ated with a decrease in the VEGF-A and its signaling molecules (P44/P42, MAPK, 
Akt) expression, violation of neurovascularization at the macro- and microvascular 
levels, which the authors associate with the oxidative stress activation in the isch-
emic tissue [52].

The aim of our research was investigation of association between VEGF-A level 
in STEMI patients with TIMI III and development of repeated coronary events and 
adverse remodeling within 6-month follow-up and determination of the factors 
influencing this relationship.

2. Material and methods

2.1 Patients

Sixty-two patients with STEMI, 51 (82.3%) male and 11 (17.7%) female, at the 
average age (58.63 ± 8.90) years with acute STEMI during 2–12 h of symptoms onset 
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failure progression, most of the examined were postinfarction patients, there was 
a decrease in the VEGF-A level, and the initial low VEGF-A level characterized the 
unfavorable CHF course.
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fact that cytokine stimulates neurogenesis caused by antidepressants [49, 50]. In 
patients with coronary heart disease, higher levels of VEGF-A, CRP, IL-6 gene 
expression and cortisol level reduction were detected, indicating an increase in 
immune-mediated activity [51].

It should be noted that in these works, patients with major depression were 
somatically healthy, or patients with coronary artery disease were with a stable 
course. However, in acute experimental ischemia, psychological stress was associ-
ated with a decrease in the VEGF-A and its signaling molecules (P44/P42, MAPK, 
Akt) expression, violation of neurovascularization at the macro- and microvascular 
levels, which the authors associate with the oxidative stress activation in the isch-
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The aim of our research was investigation of association between VEGF-A level 
in STEMI patients with TIMI III and development of repeated coronary events and 
adverse remodeling within 6-month follow-up and determination of the factors 
influencing this relationship.

2. Material and methods

2.1 Patients

Sixty-two patients with STEMI, 51 (82.3%) male and 11 (17.7%) female, at the 
average age (58.63 ± 8.90) years with acute STEMI during 2–12 h of symptoms onset 
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in a given period between 2016 and 2017. STEMI was diagnosed according to ECS 
Guidelines [53]. Inclusion criteria were: confirmed STEMI, age >18 years old, and 
lack of contraindication to PCI. Non-inclusion criteria were previous myocardial 
infarction, established chronic HFrEF, HFmrEF and HFpEF, known malignancy, 
severe comorbidities (anemia, chronic obstructive lung disease, bronchial asthma, 
liver cirrhosis, chronic kidney disease, valvular heart disease, bleeding), inability 
to understand of written informed consent. Control group consisted of 20 per-
sons comparable of age and sex. Patients were hospitalized to the Department of 
prevention and treatment of emergency conditions of Government institution 
“L.T. Malaya Therapy National Institute of the National Academy of medical science 
of Ukraine” after selective coronaroangiography (SCAG) with stenting of infarct-
related artery, were performed in the Institute of general and emergency surgery 
n.a. V.T. Zaitsev. Repeated observation performed after 6 month.

Research was performed due to Helsinki Declaration, the protocol was approved 
by local ethics committee of GI “National Institute of therapy n.a. L.T.Malaya 
NAMS Ukraine” (protocol No. 8, 29.08.2016). Informed consent was obtained from 
each patient.

Conventional coronary angiography was performed using Digital X-Ray system 
“Integris Allura” (Philips Healthcare, Best, The Netherlands) and managed by 
radial or femoral vascular access. Coronary arteries were visualized with two-
to-three orthogonal projections. In this study the contrast “Ultravist-370” (Baier 
Pharma GmbH, Germany) and automatic contrast injector were used. Primary 
PCI with bare-metal stent (COMMANDER, “Alvimedica”, Turkey) implantation 
was performed in 36 patients and 26 patients were previously treated with primary 
thrombolysis (tenecteplase, alteplase) before admission with followed PCI dur-
ing 6–12 h after initial STEMI confirmation. Thrombolytic therapy performed by 
tenecteplase, which dosing was calculated depending on patients weight and was 
no more than 50 mg or alteplase, or tenecteplase—100 mg. All the patients intook 
medical therapy in accordance to existing recommendations.

Repeated coronary events (after infarction angina) during 6-month observa-
tion period were estimated and diagnosed in 9 (14.5%) patients. Left ventricular 
remodeling as an end point in 6 months after STEMI were assessed too: adverse 
remodeling was in 29 patients, adaptive—in 33.

2.2 Methods

SYNTAX score (SS) was used to assess the severity of coronary atherosclerotic 
lesions and was calculated for all PCI-patients by experienced interventional 
cardiologist. SS was determined for all coronary lesions >50% diameter stenosis in 
a vessel >1.5 mm based on SS calculator (www.syntaxscore.com). All the patients 
were divided by the SS level on 3 subgroups—high SS > 32–2 patients, average SS 
22 < n ≤ 32–17, low SS ≤ 22–32.

Echo-CG was performed on “Aplio 500 TUS-A500”, Toshiba, with usage of sen-
sor with ultrasound frequency of 3.5 MHz during first 24 h from hospitalization. Left 
ventricular end diastolic volume (LV EDV), left ventricular end systolic volume (LV 
ESV), left ventricular end diastolic and end systolic diameters (LV EDD, LV ESD),  
left ventricular myocardial mass (LVMM), left ventricular ejection fraction (LVEF), 
diastolic dysfunction—maximal rate of early diastolic filling E (m/s), maximal rate 
of left atrium diastolic rate A (m/s), their ratio—E/A were estimated. Repeated 
observation was done after 6-month period. VEGF-A level was assessed on the 7th 
day of STEMI. Late adverse cardiac remodeling was defined as increased LVEDV 
(>10% from baseline) and/or LVESV (>10% from baseline) for 6 months after 
acute STEMI managed by PCI.
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Hypercholesterolemia (HCE) was diagnosed if total cholesterol (TC) level was 
above 5.2 mmol/l, and/or low density lipoprotein cholesterol (LDL) level was above 
3.0 mmol/l, and/or level of triglycerides (ТG) was above 1.7 mmol/l according to 
with European Cardiology Society dyslipidemia guideline, 2016. Hypertension 
was diagnosed if systolic blood pressure (SBP) was >140 mm Hg, and/or diastolic 
blood pressure (DBP) >90 mm Hg according to European guideline on diagnostics 
and treatment of arterial hypertension, 2018. Type 2 diabetes mellitus determined 
according to new ADA statement [54].

The level of anxiety during 10–14 days before STEMI estimated due to Taylor 
questionnaire. High level of anxiety was consistent with less or equal 14 balls, high 
level—more than 14 balls. Together with Taylor questionnaire, Heart Anxiety and 
Depression Scale (HADS) was used to diagnose anxiety and depression: 0–7 balls—
low level, 8–10—borderline, 11–21—high.

Troponin I (Tn I) level measuring performed with chemo luminescent immu-
noassay (Humalyzer 2000, Mannheim, Germany). The TnI level average was 
0.5–50 ng/ml. Total creatine kinase (CK) and CK MB-fraction (CK-MB) were 
analyzed using immunoinhibition method on quantitative immunoassay analyzer 
Humalyzer 2000 (Mannheim, Germany) according to the manufacturers’ recom-
mendations. Total cholesterol (TC), low density lipoprotein (LDL) cholesterol, 
high density lipoprotein (HDL) cholesterol and triglycerides (TG) were measured 
direct enzymatic method (Roche P800 analyzer, Basel, Switzerland). The intra-
assay and inter-assay coefficients of variation were <5%. Fasting glucose level was 
measured by a double-antibody sandwich immunoassay (Elecsys 1010 analyzer, 
F. Hoffmann-La Roche Diagnostics, Mannheim, Germany). The intra-assay and 
inter-assay coefficients of variation were <5%.

Blood research were done at baseline. VEGF-A level determined by enzyme-
linked immunosorbent assay with reactives of IBL INTERNATIONAL GMBH, 
Germany (standard concentrations diapason 0.0–1000 pg./ml, serum control: 
low—100–200, high—600–1200 pg./ml) in the laboratory of immune-chemical 
and molecular-genetic researches of GI “National Institute of therapy n.a. 
L.T. Malaya NAMS Ukraine”. Serum VEGF-A level measured in the 7th day of 
STEMI: in the main group it was equal 160.33 [83.82–299.62] pg./ml, in the control 
group—112.30 [75.45–164.65] pg./ml (Р = 0.05).

2.3 Statistical analyses

Statistical data processing was performed with programs Statistica 8.0 (Stat Soft 
Inc., USA), median (Ме) with upper (UQ ) and low quartiles (LQ ). Continuous 
variables are presented as mean ± standard deviation when normally distributed, 
or median and interquartile range if otherwise. Mann-Whitney U-criterion and 
Wald-Wolfowitz χ2- criterion were used for intergroup differences. For all types 
of analysis, all differences were considered statistically significant with P < 0.05. 
Univariate and multivariate logistic statistical analyses were used. The group with 
repeated coronary events pointed as 1, without events—0, cut-off point with 
VEGF-A were found.

3. Results

The first group with repeated coronary events (after infarction angina) rep-
resented 9 patients (14.5%), the second group consisted from 53 patients without 
angina to 6 months after STEMI. Cardiovascular risk factors [sex, age, H, DM, 
HCE, complicated heredity, anxiety-depressive disorders (ADD)] showed the 
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in a given period between 2016 and 2017. STEMI was diagnosed according to ECS 
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by local ethics committee of GI “National Institute of therapy n.a. L.T.Malaya 
NAMS Ukraine” (protocol No. 8, 29.08.2016). Informed consent was obtained from 
each patient.

Conventional coronary angiography was performed using Digital X-Ray system 
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absence of reliable differences between patients of group 1 and 2. VEGF-A level was 
significantly less in patients from group 1:83.82 [49.14–162.26] pg./ml versus 194.10 
[102.54–327.30] pg./ml accordantly, Р = 0.049.

ROC-analysis was performed to find VEGF-A level which prognoses repeated 
coronary events after 6-month observation after STEMI. Cut-off VEGF-A 
level ≤ 172.4 pg./ml on the 7th day of index event (area under curve (AUC) 0.697, 
with sensitivity 88.9% and specificity 50.9%; 95% CІ 0.567–0.807, Р = 0.0515) was 
effective for differentiation STEMI patients from those without and with unfavor-
able prognosis of repeated coronary event—after infarction angina (Figure 1).

To identify factors influenced on VEGF-A level, univariate and multivariate 
logistic analysis were performed. In patients with STEMI was revealed association 
between anxiety and depression levels increase and VEGF-A level decrease (anxiety 
(Taylor): OR 0.834, 95% CІ 0.726–0.959, Р = 0.0107; depression (HADS): OR 0.741, 
95% CІ 0.535–1.027, Р = 0.0519.

ROC-analysis for prognostication of dysadaptive left ventricular remodeling was 
used. Cut-off VEGF-A level ≤ 201.86 pg./ml on the 7th day of STEMI (area under 
curve (AUC) 0.711, with sensitivity 85.7% and specificity 57.9%; 95% CІ 0.513–0.908, 
Р = 0.036) was effective for unfavorable prognosis of dysadaptive left ventricular 
remodeling of STEMI patients after 6-month observation period (Figure 2).

As a result of our research, we revealed than anxiety and depression 10–14 days 
before MI associated with VEGF-A level decrease (anxiety (Taylor): OR 0.834, 95% 
CІ 0.726–0.959, Р = 0.0107; depression (HADS): OR 0.741, 95% CІ 0.535–1.027, 
Р = 0.0519. VEGF-A decrease ≤172.4 pg./ml on the 7th day of STEMI allows to prognose 

Figure 1. 
Cut-off VEGF-A level ≤ 172.4 pg./ml on the 7th day of STEMI (area under curve (AUC) 0.697, with 
sensitivity 88.9% and specificity 50.9%; 95% CІ 0.567–0.807, Р = 0.0515) was effective for differentiation STEMI 
patients from those without and with unfavorable prognosis of repeated coronary event (after infarction angina 
after 6-month observation).
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repeated coronary events (after infarction angina) after 6-month observation with  
sensitivity of 88.9% and specificity 50.9%. Cut-off VEGF-A level ≤ 201.86 pg./ml on the 
7th day of STEMI (area under curve (AUC) 0.711, with sensitivity 85.7% and specificity  
57.9%; 95% CІ 0.513–0.908, Р = 0.036) was effective for prognosis of dysadaptive left 
ventricular remodeling in STEMI patients after 6-month observation period.

4. Conclusion

We have shown that the levels of VEGF-A measured in acute STEMI patients 
managed by PCI could predict late adverse LV remodeling and after infarction 
angina. These findings may open new approach to stratify patients with successful 
coronary revascularization at risk of HF.
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Figure 2. 
Cut-off VEGF-A level ≤ 201.86 pg./ml on the 7th day of STEMI (area under curve (AUC) 0.711, with 
sensitivity 85.7% and specificity 57.9%; 95% CІ 0.513–0.908, Р = 0.036) was effective for unfavorable prognosis of 
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absence of reliable differences between patients of group 1 and 2. VEGF-A level was 
significantly less in patients from group 1:83.82 [49.14–162.26] pg./ml versus 194.10 
[102.54–327.30] pg./ml accordantly, Р = 0.049.

ROC-analysis was performed to find VEGF-A level which prognoses repeated 
coronary events after 6-month observation after STEMI. Cut-off VEGF-A 
level ≤ 172.4 pg./ml on the 7th day of index event (area under curve (AUC) 0.697, 
with sensitivity 88.9% and specificity 50.9%; 95% CІ 0.567–0.807, Р = 0.0515) was 
effective for differentiation STEMI patients from those without and with unfavor-
able prognosis of repeated coronary event—after infarction angina (Figure 1).

To identify factors influenced on VEGF-A level, univariate and multivariate 
logistic analysis were performed. In patients with STEMI was revealed association 
between anxiety and depression levels increase and VEGF-A level decrease (anxiety 
(Taylor): OR 0.834, 95% CІ 0.726–0.959, Р = 0.0107; depression (HADS): OR 0.741, 
95% CІ 0.535–1.027, Р = 0.0519.

ROC-analysis for prognostication of dysadaptive left ventricular remodeling was 
used. Cut-off VEGF-A level ≤ 201.86 pg./ml on the 7th day of STEMI (area under 
curve (AUC) 0.711, with sensitivity 85.7% and specificity 57.9%; 95% CІ 0.513–0.908, 
Р = 0.036) was effective for unfavorable prognosis of dysadaptive left ventricular 
remodeling of STEMI patients after 6-month observation period (Figure 2).

As a result of our research, we revealed than anxiety and depression 10–14 days 
before MI associated with VEGF-A level decrease (anxiety (Taylor): OR 0.834, 95% 
CІ 0.726–0.959, Р = 0.0107; depression (HADS): OR 0.741, 95% CІ 0.535–1.027, 
Р = 0.0519. VEGF-A decrease ≤172.4 pg./ml on the 7th day of STEMI allows to prognose 

Figure 1. 
Cut-off VEGF-A level ≤ 172.4 pg./ml on the 7th day of STEMI (area under curve (AUC) 0.697, with 
sensitivity 88.9% and specificity 50.9%; 95% CІ 0.567–0.807, Р = 0.0515) was effective for differentiation STEMI 
patients from those without and with unfavorable prognosis of repeated coronary event (after infarction angina 
after 6-month observation).
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repeated coronary events (after infarction angina) after 6-month observation with  
sensitivity of 88.9% and specificity 50.9%. Cut-off VEGF-A level ≤ 201.86 pg./ml on the 
7th day of STEMI (area under curve (AUC) 0.711, with sensitivity 85.7% and specificity  
57.9%; 95% CІ 0.513–0.908, Р = 0.036) was effective for prognosis of dysadaptive left 
ventricular remodeling in STEMI patients after 6-month observation period.

4. Conclusion

We have shown that the levels of VEGF-A measured in acute STEMI patients 
managed by PCI could predict late adverse LV remodeling and after infarction 
angina. These findings may open new approach to stratify patients with successful 
coronary revascularization at risk of HF.
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