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Vascular Access Primer 

Vascular access: is the lifeline for dialysis patients. As the name implies, it is the method 
by which the blood vessel is accessed to get the blood from the patient to the 
hemodialysis machine for both fluid removal and clearance purposes. 
 
There are 3 types of vascular accesses for hemodialysis: 
 

1. Catheters:  

- Non-tunneled- (referred to as temporary) Used for 7-10 days (e.g. 

VasCath). 

- Tunneled (referred to as permanent): Used for long time; months-

years (e.g. PermCath). 

 

2. Arteriovenous fistulas (AVFs):  

AVF is created by connecting an artery to a native vein. After the creation, the 

native vein becomes thicker, stronger (arterialized) and larger in diameter to be 

used for cannulation to perform dialysis. There can be a number of locations of 

AVF, though the common sites used are: 

I. Upper Arm AVF: 

 Brachial artery to cephalic vein (brachio-cephalic AVF) 

 Brachial artery to basilic vein (brachio-basilic AVF) 

II. Forearm AVF: 

 Radial artery to cephalic vein (radio-cephalic AVF) 

 

3. Arteriovenous grafts (AVGs):  

AVG is created by connecting an artery to a large vein via synthetic (usually PTFE) 
material (called graft). The graft segment is used for cannulation. 
 
 
 
 
 
 

 

I. Upper Arm AVG: can be straight or in loop configuration. 

 The AVG connects brachial artery to brachial/axillary vein. 

 

II. Forearm AVG: is usually a loop graft. 

 The AVG connects brachial (or radial) artery to the vein. 

 

III. Femoral (thigh) AVG: is usually a loop graft. 

 The AVG connects iliac/femoral artery to the iliac/femoral vein. 
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Catheters 

Non-tunneled (short-term) catheters (usually called VasCath)  

 

 Can be used for 7-10 days only due to the risk of bacterial invasion. 

 Can be inserted in emergent situations and in unstable patients such 

as in ICU setting to initiate dialysis when tunneled catheter insertion 

is not feasible. 

 Generally inserted at bedside under ultrasound guidance. 

 These catheters have 2 large lumens, and sometimes a smaller third 

lumen (trialysis catheter). 

 Different lengths: the common sizes are 15, 20 and 24 cm, which can 

be used in right internal jugular, left internal jugular and femoral 

locations, respectively. 
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Tunneled (long-term) catheters (usually called PermCath) 

 Tunneled under the skin where the cuff is buried to prevent bacterial invasion. 

 Can be used for longer time- months but occasionally for years. 

 Commonly seen in patients starting hemodialysis- either acute or chronic. 

 Common size 14.5 F; the length ranges between15 cm-55 cm 

 Typical locations in order of preference: Right internal jugular (IJ), left IJ, right 

femoral, and left femoral veins. 

 Rare locations are used when other options are exhausted: trans-lumbar and 

trans-hepatic. 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

  

RIJ PermCath RIJ PermCath CXR-LIJ PermCath CXR-RIJ PermCath 

  

 

 

Trans-hepatic PermCath 
Rare to see. 

Trans-lumbar PermCath 
Rare to see. 
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Arteriovenous fistulas (AVFs)  

- AVF is created by connecting an artery to a native vein. 
- After creation, the enlarged and ‘mature’ native vein is used for cannulation. 
- The venous system of the upper extremity includes superficial and deep veins. 
- The superficial vein system (cephalic) is usually used for AVF creation. 
- The deep vein system (basilic, brachial) is used if the cephalic veins are not suitable  
   for AVF creation. 
 
- The basic vascular anatomy of the upper extremity is shown: 
 

o Upper arm basilic vein 
o Upper arm cephalic vein 
o Forearm basilic vein 
o Forearm cephalic vein 

 

 

 

 

Upper Arm AVFs: 

1-Brachio-cephalic AVFs:  

The brachial artery is connected to the cephalic vein. 

  

Anatomoses between
perforating branch
and proximal radial artery

Anatomoses between  
perforating branch
and proximal radial artery
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2-Brachio-basilic AVFs:  
The brachial artery is connected to the basilic vein. 
These AVFs require superficialization to become suitable for cannulation.  
On exam, these AVFs have a long scar on the medial aspect of the upper arm. 
 

 

 

Forearm AVFs: 

Radio-cephalic AVFs: the radial artery is connected to the cephalic vein. 

On very rare occasions, radio-basilic AVF is created and usually requires 

superficailizaion. 

 

 

 

 

 

 

 

 

 

 

Cephalic v.

Basilic v.

End-to-side  
anastamosis

Brachial a.

BICEPS

Inset: “swing point”  
depicting the basilic  
vein mobilization from  

the deeper location to  
the superficial tunnel
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Arteriovenous Grafts (AVGs) 

 AVGs are created by connecting an artery to a large vein via synthetic (PTFE) 
material called graft.  

 There are multiple locations where AVGs can be created with different 
configurations. 

 The most common locations are upper arm (loop or straight) AVGs, forearm loop 
AVGs and thigh loop AVGs. 

 
 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
Upper Arm AVGs: the configuration of AVG can be straight or loop. 
The graft connects the brachial artery to the brachial/axillary vein. 
 
 
 

 
 

Cephalic v.

Axillary v.

End-to-side  
anastamosis
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Forearm AVGs: the configuration of AVG is usually loop. 
The AVG connects brachial artery to a vein at the elbow level. 

 

 
 
Femoral (thigh) AVGs: the configuration of AVG is usually loop. 
The AVG connects the femoral or iliac artery to the femoral or iliac vein. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ATTENTION 
AVFs and AVGs can NOT be used for Continuous Renal 
Replacement Therapy (CRRT). 
VasCath or PermCath is needed to run the CRRT machine. 
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Complications of Catheters 

Several complications are encountered with tunneled dialysis catheters. 
 Catheter dysfunction: due to kink, retraction (especially with left IJ), thrombus, and 

fibrin sheath. 
 Infectious complications are common such as cuff exposure, tunnel infection, exit 

site infection and catheter related bacteremia. 
 Most of these complications require catheter exchange or removal based on the 

clinical scenario. 
 Central vein stenosis can occur with repeated insertion or prolonged catheter stay.  

 
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Kink Catheter is short Intraluminal thrombus Fibrin sheath 

  
 

 
Catheter infection Cuff exposure Tunnel infection 

 

 
Exit site infection 
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Complications of AVFs and AVGs 

 Most of AVF/AVG complications are related to the repetitive cannulation during 

dialysis using large gauge needles that causes wall injury and may introduce 

infection. Examples include stenoses, pseudoaneurysms, aneurysms, 

infiltration/hematomas and access wall infection. 

 Dialysis machine (pump speed) usually requires 400-600 ml/min blood flow for 

adequate hemodialysis. 

 As the dialysis access matures, the blood flow increases to reach 800-2500 

ml/min.  

 Some of the complications of the dialysis access are related to the high blood flow 

rate through the dialysis access conduit leading to neointimal hyperplasia and 

stenosis formation. These complications manifest as elevated venous pressure, 

machine alarming, and access clotting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Blood Flow 

Increasing venous access pressure indicates the development of a stenosis.

Pressure will increase in front of the affected area, reflected in an increase in venous 
pressure. 

Flow could be adequate because velocity will increase through the affected area. 

Native artery

Graft or fistula 

Native vein

MAP

Arterial 
Access 

Pressure

Venous 
Access 

Pressure

Flow

Velocity

Arterial 
Pressure

Flow

Stenosis

 

 

 

 

 

 

 

Pseudoaneurysm

s 
infiltration Hematoma Aneurysms 

Watch and see.  
If the wall becomes pink 
and thin, then patient 
needs surgical referral. 

Continue to use dialysis 
access if the patient 
tolerates it; otherwise, 
give the access rest and 
insert a catheter. 

Continue to use dialysis 
access if the patient 
tolerates it; otherwise, 
give the access rest and 
insert a catheter. 

Watch and see.  
If the wall becomes pink 
and thin, then patient 
needs surgical referral. 



 11 

 

 

 

 

 

 

 Sometimes, dialysis patients present with swelling and prominent dilated veins of 

the upper/lower extremity. This phenomenon is related to central venous stenoses 

induced by previous use of central venous catheters (central line, PICC line, 

VasCath or PermCath). These patients require angiogram of the dialysis access 

combined with angioplasty and occasionally stenting. Central lesions are recurrent 

by nature and require frequent interventions (usually every 3-4 months). 

 

 

 

 

 

 In rare cases, the patient can develop steal syndrome that results from shunting 

the blood away from the affected extremity. Symptoms include cramps and pain 

during dialysis session, cold sensation and color changes. Exam usually reveals 

weak pulse and low O2 sat of the affected hand. In severe cases, the patient can 

develop necrotic lesions of the fingertips. These patients require immediate 

referral for steal syndrome evaluation by interventional radiology (IR) or vascular 

surgery. 

 

 

 

 

 

 

 

 

 

 
 

 

  

Repeated cannulation of AVG (3times/wk) The formation of pseudoaneurysms 
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Needle Gauge and Blood Flow Rate Used in Dialysis 

(Usual blood flows recommended according to needle lumen diameter) 

 

 

 

 

 

 

  

If you see these lesions (above) in a AVF/AVG, immediate 

attention is required (hospitalization) due to the high risk of 

rupture and possible death. 
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AVF and AVG: Indications for Referral and Intervention 

1. High venous pressure. 

2. High arterial pressure. 

3. Machine alarming. 

4. Pulling clots. 

5. Difficulty cannulation. 

6. Clotted access. 

7. Arm swelling. 

8. Excessive bleeding after dialysis 

9. Color changes (pink discoloration). 

10. Access infection. 

Dialysis Access Exam 

Inspection: Check for the following: 

 Scars:  

o It denotes the location of the arterial anastomosis (artery -vein hook up). 

o Number of scars indicates old access surgeries. 

o Long scars are seen in deep brachio-cephalic AVF that underwent 

superfialization and basilic vein transposition. 

 Arm swelling and collateral veins: seen in central venous lesions. 

 Aneurysm formations. 

 Ulcerative changes of the dialysis access. 

 Erythema and hematomas. 

 Hand and finger discoloration. 

 Old scars of old tunneled catheters on the chest wall. 

Palpation: 

 Normal access: thrill (buzz). 

 Hyperpulsatility: Outflow stenotic lesions. 

 Cold hands: may indicate steal syndrome of the access extremity. 

Maneuvers: 

 Arm elevation: 

- If AVF vein collapses: it indicates no outflow lesions. 

- If AVF vein does not collapse: it indicates outflow stenosis. 

 Augmentation test: 

This test is performed by occluding the access 2-3 inches above the arterial 
anastomosis with one hand while evaluating the intensity of the pulse with the 
other. With outflow AVF vein occlusion, the soft pulse becomes stronger 
(augmented) indicating good blood from the feeding artery. Weak augmentation 
indicates arterial anastomosis stenosis. 
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Hemodialysis Reliable Outflow (HeRO) Grafts 
 

The HeRO device consists of a 6-mm expanded polytetrafluoroethylene (ePTFE) graft 
attached to a 5-mm nitinol-reinforced silicone outflow component designed to bypass 
venous stenoses. It enters the internal jugular vein directly and provides a continuous 
arterial blood flow into the right atrium. The two components are brought together entirely 
subcutaneously with a titanium connector. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
HeRO Graft are good alternatives for catheter dependent patients with central venous stenosis 
and in those with failing AVFs or AVGs. The key benefits of HeRO grafts compared to catheters 
are: 

 Less infections. 
 Improved dialysis adequacy. 
 Patency rates approach the rates of AVGs. 
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PICC Lines 

 Peripherally inserted central catheters (PICC) are increasingly utilized in modern 

clinical practice specially among critically ill patients.  

 PICC lines are usually single or dual lumen catheters that are inserted under 

ultrasound guidance by a nurse-led team.  

 Above the elbow basilic, brachial or cephalic veins are commonly used for PICC 

insertion with the catheter tip being in the central venous system (superior vena 

cava, subclavian or brachiocephalic veins).   

 The presence of these lines within the vein lumen for porlonged time is associated 

with repetitive trauma and subsequent thrombosis and stenosis. 

 In stage 3-5 CKD patients, the preservation of the forearm and upper arm veins 

that are suitable for fistula creation is the goal. These veins should not be used for 

venipuncture or the placement of PICC lines.  

 In stage 3-5 CKD patients, it is recommended to insert tunneled central lines and 

not PICC lines. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

PICC line (non-tunneled) 

Tunneled Central Infusion Catheters 
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