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Vascular access- what’s next?
The population of patients with end stage renal disease required renal re-

placement therapy is growing. The best therapeutic option still persists kidney 
transplantation, but majority of them is treated by dialysis (especially hemo-
dialysis). One of the crucial problems in management of patients undergoing 
hemodialysis is a vascular access which should deliver adequate, repetitive 
blood flow to the dialyzer, have long patency and minimal complication. The 
gold standard of permanent vascular access is arteriovenous fistula. The range 
of therapeutic options extends with science advance. 

In this article wide spectrum of actual, available vascular access is presen-
ted. different catheter shape, covered or locked with various substances, unu-
sual placement or techniques of implantation, novel devices such as Hemoac-
cess reliable Outflow (HerO), printed vessels or tissues are discussed below. 

(NepRol. dIAl. pol. 2016, 20, 254-257)

dostęp naczyniowy- co dalej?
od lat wzrasta populacja chorych ze schyłkową niewydolnością nerek 

wymagających leczenia nerkozastępczego. Najlepszą opcją terapeutyczną dla 
tych pacjentów pozostaje przeszczepienie nerki, jednak większość z nich leczona 
jest dializami (głównie hemodializą). Kluczowym problemem dotyczącym 
opieki nad hemodializowanym chorym jest zapewnienie dostępu naczyniowe-
go, który umożliwi odpowiedni, powtarzalny przepływ krwi przez dializator oraz 
posiadać długi okres używalności i nie powodować powikłań. Złotym standar-
dem pozostaje wytworzenie przetoki tętniczo żylnej z naczyń własnych. wraz 
z postępem nauki poszerza się zakres dostępnych możliwości, zarówno na eta-
pie zakładania dostępu jak i utrzymywania jego żywotności. 

w niniejszym artykule zaprezentowano aktualnie istniejące rodzaje 
dostępów naczyniowych. Cewniki permanentne o odmiennym kształcie, pokry-
te specjalną powłoką, zabezpieczane różnymi substancjami, zakładane z nie-
typowego dojścia, nowoczesne protezy naczyniowe, w tym proteza HeRo lub 
drukowane naczynia i tkanki to zagadnienia dotyczące przyszłości dostępów 
naczyniowych poruszane w tej pracy.

(NeFRol. dIAl. pol. 2016, 20, 254-257)

Introduction
End-stage renal disease (ESRD) af-

fects more than 3 million people worldwide 
(based on data collected by Fresenius Me-
dical Care, estimated by the end of 2013). 
The best treatment option nowadays is kid-
ney transplantation (live and deceased do-
nor kidneys) [1]. Unfortunately majority of 
patients with ESRD (2,5 million) is treated 
by dialysis, both hemodialysis (HD) and 
peritoneal dialysis. To provide effective HD 
we need repetitive access to the circulation 
- a vascular access (VA). It should deliver 
an adequate blood flow rate to the dialyzer 
for the individual dialysis prescription, have 
a long use-life and be safe, with minimal 
complication for patients.

The gold standard of permanent vascu-
lar access is arteriovenous fistula [2]. Ac-
cording to the United States Kidney Dise-
ase Outcomes Quality Initiative guidelines 
(K/DOQI): “the access should be placed di-
stally and in the upper extremities whene-
ver possible; options for fistula placement 
should be considered first, followed by pro-
sthetic grafts if fistula placement is not po-
ssible; catheters should be avoided for HD 
and used only when other options listed 
are not available” [3]. Because of matura-

tion period of fistulas and grafts, patients 
should have created a permanent vascular 
access prior to a start of hemodialysis. 

arteriovenous fistula
Arteriovenous fistula (AVF) is a surgi-

cally created direct communication betwe-
en native vessels - an artery and a vein. Is 
usually constructed by end-to-side (vein-
-to-artery) junction, typically placed in left 
forearm in right-handed individual. Fistulas 
can consist of normal situated, transposed 
or translocated vein (simple direct fistula, 
vein transposition fistula, vein translocation 
fistula). Preferably used anastomosis is 
radiocephalic AVF (between radial artery 
and cephalic vein) [3,4], less often bra-
chiocephalic (brachial artery and cephalic 
vein) or brachiobasilic (brachial artery and 
basilic vein) fistulas are plated. Someti-
mes other vessels or other biological ma-
terials (auto, allo or heterografts) are used 
to created AVF. 

Plenty of evidence shows benefits of 
creating AVF as a first choice of a perma-
nent vascular access. AVFs are associated 
with decreased mortality risk when compa-
red with arteriovenous grafts (AVGs) and 
central venous catheter (CVC) [5]. Have 



Nefrologia i Dializoterapia Polska • 2016 • 20 • Numer 4 255

longest patency, requires less intervention 
and have a lower incidence of complica-
tions. Although, as was shown in studies, 
in same group, for example in elderly pa-
tients, AVG seems to be the best option 
[6-8]. It is important to separate this kind 
of groups in whom other strategy has to 
by putted into practice. That’s why factors 
predicting failure of AVF should be investi-
gated [9]. Circulating biomarkers could be 
valuable in detecting patients at risk of AVF 
failure and may identify targets to improve 
AVF outcome or changing choice of vascu-
lar access. In Australian systematic review 
no significant association between any of 
the assessed biomarkers (e. g. C-reacti-
ve protein, parathyroid hormone, selectin, 
soluble endothelial protein C receptor, red 
blood cell distribution width, vascular en-
dothelial growth factor A, cytomegalovirus, 
asymmetrical dimethylarginine, neutrophil-
-lymphocyte ratio) and AVF failure was ob-
served [10]. Other Canadian study shows 
relationship between microvascular endo-
thelial function and AVF success - defined 
as maintaining patency and achieving ma-
turation (they measured vascular function 
using pulse wave velocity, flow mediated 
dilatation and peripheral arterial tonome-
try) [11].  

Some other factors are associated with 
AVF failure. The primary failure of AVF is 
increased by age, female gender, obesity, 
history of diabetes mellitus or heart failure, 
smoking, anatomical conditions (vessel’s 
diameter) and low initial intra-access blood 
flow [12-14]. In British study they created 
a scoring system CAVeA2T2 to identified 
individuals which cannot benefit from AVF 
[15].  They found significant factors predic-
tive of reduced fistula patency rate - ipsila-
teral central venous access, age, diameter 
of anastomosed vein, previous lower limb 
angioplasty and absent intra-operative 
thrill. The CAVeA2T2 score (maximum 7 
points) was significantly correlated with re-
duced fistula patency and a reduced rate 
of successful dialysis. However further stu-
dies and validation is required, such sco-
ring systems would be potentially useful 
tools.

Other problematic aspect is the perfect 
timing of creation and the perfect period of 
maturation of AVF - which are still unknown. 

 
arteriovenous graft
When all autogenous options are 

exhausted creation of the prostetic arterio-
venous access is the second line procedu-
re. Arteriovenous graft (AVG) with use of an 
artificial material (usually with polytetraflu-
oroethylene - ePTFE) give a chance to link 
two distant vessels and by himself can be 
use for cannulation.  

In comparison with AVFs, AVGs are 
less likely associated with primary failure 
[16], have shorter time to first cannulation 
(some novel design AVG may be success-
fully cannulated within 3 days [17] but as 
was mentioned above have higher mor-
tality and complications rates and shorter 
long-term patency.  

The most common complication for 
both AVF and AVG are: stenosis, thrombo-

sis, local bleeding, aneurysmal dilatation, 
infection, „steal syndrome”,  ischemic neu-
ropathy, seroma and heart failure.

central venous catheters
In immediate need of hemodialysis 

usually a large double lumen nontunneled 
catheter is used (called temporary hemo-
dialysis catheter), which should be repla-
ced by tunneled cuffed catheter (TCC) if 
more then week of dialysis is required.

Also, if patient with ESRD who start he-
modialysis don’t have functional permanent 
vascular access, tunneled - cuffed catheter 
can be placed as a bridge during creation 
and maturation period of arteriovenous fi-
stula or graft. In some patients, with certain 
comorbidities, short life expectation or after 
a long VA history TCC is only viable option 
to maintain HD [18,19].

Different catheters are available for 
hemodialysis vascular access – build of 
different materials, with different shape, 
size and length. Typically hemodialysis 
catheter consist of two lumens with two 
ports - blue and red one. Red port, named 
arterial is attached to lumen with proximal 
opening, while blue (venous) to distal one. 
This „anatomical” direction of blood flow is 
usually conserved (from the patients blood 
stream through the red ended lumen to the 
dialyzer, then from the dialyzer though the 
blue one returns to the patient), but occa-
sionally it may be switched. Sometimes 
third lumen is added to catheter to facili-
tate fluid or drug administration. This type 
of catheters are as safe as double lumen 
ones [18]. 

Nontunneled catheters have conically 
pointed end, are more rigid, while tunneled 
catheters are soft, flexible and blunt, with 
subcutaneous cuff overgrown with tissue.

The duration of use of temporary he-
modialisys catheter and number of per-
formed HD are associated with increased 
risk of complication, especially with ca-
theter related bacteriemia, which is signi-
ficantly higher 3 weeks after insertion. In 
comparison with TCC, nontunneled cathe-
ters have higher rates of infections com-
plications [19]. 

There are many types of tunneled ca-
theters. Length, diameter as well as blood 
viscosity (hematocrit) determined blood 
flow through lumens of catheter. Also diffe-
rent shape can influence on this parameter 
and minimize malfunctioning connected 
with malposition. 

As was mentioned above patients 
using catheters for hemodialysis seem to 
have the highest risks for death, infections, 
and cardiovascular events compared with 
other vascular access types, and patients 
with usable fistulas have the lowest risk 
[5]. In cited study compared with persons 
with fistulas, those individuals using cathe-
ters had higher risks for all-cause mortality 
(risk ratio=1.53), fatal infections (2.12), and 
cardiovascular events (1.38). Main compli-
cations connected with catheter use are: 
infections, acute or chronic vein stenosis, 
thrombosis, malposition, kinking or fibrin 
sheath formation leading to catheter mal-
functioning. 

Catheters locked with antimicrobial or 
antithrombogenic substances can be the 
better option for whom this is the only po-
ssible definitive vascular access. Especially 
lock solution containing citrate, Methylene 
Blue and parabens (C-MB-P) diminished 
catheter related bacteriemia [20,21]. Novel 
design catheters covered with substances 
such as heparin, silver, chlorhexidine, ri-
fampicine and minocycline also can poten-
tially improve patency and reduce patients 
mortality, but further studies are required 
[22]. Other interventions like topical anti-
microbials, topical antiseptics, medicated 
and non-medicated dressings can prevent 
infection complications. In one study mu-
pirocin ointment appears to be effective in 
reducing the risk of catheter-related bacte-
riemia but insufficient reporting on mupiro-
cin resistance was noted and needs to be 
considered in future studies [23].

Catheter placement is important in 
extension of its use-life. Certain vein can 
be used during limited amount of time befo-
re occlusion appears (stenosis or thrombo-
sis). Because of localization (superficial), 
diameter (large radii), anatomical route to 
the right atrium (direct, linear and short)  
the right internal jugular vein has low pro-
cedural complications, low risk of occlusion 
- thrombosis and stenosis [24-26] and is 
a preferred vein for catheter placement [3]. 
Other advantage of this catheter location is 
prevention of future arteriovenous access 
failure (usually located in the left - non-do-
minant arm of the patient). If this vein is 
unavailable, the right external jugular vein 
should be taken into consideration [27], but 
any large vein can be used. Subclavian ac-
cess should be avoided, chosed only when 
no other upper-extremity or chest-wall ve-
ins are available. Femoral catheter access 
should be specially avoided in future kid-
ney transplant recipients [3].

Once inserted TCC (with good position 
confirm by fluorosopy) if dysfuncioning fir-
stly should try to be restore to maximize its 
patency, then exchange. The United States 
Kidney Disease Outcomes Quality Initiati-
ve (KDOQI) guidelines define catheter dys-
funcion as a dialyzer blood flow lower  then 
300 ml/min (in a catheter previously able to 
deliver greater then 350 ml/min) at a pre-
pump arterial pressure more negative than 
−250 mmHg [3]. Management of catheter 
dysfuncion involves bedside intervention 
(patient reposition, reversal of lumens, 
rapid saline flushing), use of thrombolytic 
agents or endovascular interventions as 
fibrin sheath stripping, balloon disruption 
of the fibrin sheath with catheter exchange 
[28]. 

As was mentioned above C-MB-P con-
taining solution lock extend catheter paten-
cy [20]. Also lock with recombinant tissue 
plasminogen activator (rt-PA) is associated 
with improved catheter function [29,30]. 

If conventional approaches are exhau-
sted alternative venous access site should 
be investigated, such as thyreocervical 
collaterals, recanalized small neck or chest 
veins, transhepatic or translumbar appro-
ach to the inferior vena cava, mediastinal 
approach to the superior vena cava [31,32].
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Hemoaccess reliable outflow
Since 2008 after approval by US Food 

and Drug Administration the Hemoaccess 
Reliable Outflow (HeRO) can be used 
in patients with venal stenosis. HeRo is 
totally subcutaneous device which by-
passes occluded veins and provides di-
rect connection between chosen artery 
and the heart. It consists of arterial graft 
component placed in upper arm (build 
of ePTFE) binded subcutaneously by ti-
tanium connector with venous outflow 
component (made of silicone with nitinol 
reinforcement) putted into the right atrium. 
The HeRO has fewer bacteremia events 
and a significantly increased number of 
vascular interventions in comparison with 
TCC [33], and has no proven prepondan-
ce over AVG [34]. It should be offered as 
a final potential alternative to catheter 
dependence [35]. Results of cost ana-
lysis showed a minimal net positive cost 
associated with vascular access with the 
HeRO compared with TCC (clinical benefit 
of reductions in failures and other compli-
cations in population with limited options 
for dialysis vascular access) [36].

Bioprinting
Three dimentional (3D) printing has 

already well established role in medicine. 
In the past few years was used to create 
surgical planning models [37] and in rege-
nerative medicine – for example printed 
ears, eyes, jaws [38-42]. As this method 
improved, a manufacturing of living tis-
sues and organs which can be implanted 
into patients becomes more and more real. 
There’s a lot of limitations of conventional 
approaches which should be overcame. 
The construction of specific tissue archi-
tecture with well prospered cell to cell com-
munication, supporting vascular network 
or non immunogenic scaffold still remains 
a challenge [43,44]. Maybe some day per-
sonalized arteriovenous fistulas or even 
hole biocompatible kidneys will be printed 
and available. 

conclusion
The perfect vascular access is still un-

developed, arteriovenous fistula constantly 
is the best choice.  As population of pa-
tients with ESRD is growing and its lifespan 
is improving, new techniques to maintain 
permanent vascular access are increasin-
gly challenging. Although new studies shed 
light on same aspects of this issue they 
only partially solves problems with vascu-
lar access. This article try to emphasize the 
value of new investigations. 

The best option for patients undergoing 
hemodialysis still remains transplantation.
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