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BLOOD DELIVERY SYSTEM
The blood delivery system is composed of the extracorporeal circuit
and the dialysis access. The dialysis machine consists of a blood pump,
dialysis solution delivery system, and various safety monitors. The
blood pump moves blood from the access site, through the dialyzer,
and back to the patient. The blood flow rate may range from 250–500
mL/min, depending on the type and integrity of the vascular access.
Negative hydrostatic pressure on the dialysate side can be manipulated
to achieve desirable fluid removal or ultrafiltration. Dialysis membranes have different ultrafiltration coefficients (i.e., mL removed/min
per mmHg) so that along with hydrostatic changes, fluid removal can
be varied. The dialysis solution delivery system dilutes the concentrated dialysate with water and monitors the temperature, conductivity, and flow of dialysate.
DIALYSIS ACCESS
The fistula, graft, or catheter through which blood is obtained for
hemodialysis is often referred to as a dialysis access. A native fistula
created by the anastomosis of an artery to a vein (e.g., the BresciaCimino fistula, in which the cephalic vein is anastomosed end-to-side
to the radial artery) results in arterialization of the vein. This facilitates its subsequent use in the placement of large needles (typically
15 gauge) to access the circulation. Although fistulas have the highest
long-term patency rate of all dialysis access options, fistulas are created
in a minority of patients in the United States. Many patients undergo
placement of an arteriovenous graft (i.e., the interposition of prosthetic
material, usually polytetrafluoroethylene, between an artery and a
vein) or a tunneled dialysis catheter. In recent years, nephrologists,
vascular surgeons, and health care policy makers in the United States
have encouraged creation of arteriovenous fistulas in a larger fraction
of patients (the “fistula first” initiative). Unfortunately, even when
created, arteriovenous fistulas may not mature sufficiently to provide
reliable access to the circulation, or they may thrombose early in their
development.
Grafts and catheters tend to be used among persons with smallercaliber veins or persons whose veins have been damaged by repeated
venipuncture, or after prolonged hospitalization. The most important
complication of arteriovenous grafts is thrombosis of the graft and
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graft failure, due principally to intimal hyperplasia at the anastomosis
between the graft and recipient vein. When grafts (or fistulas) fail,
catheter-guided angioplasty can be used to dilate stenoses; monitoring of venous pressures on dialysis and of access flow, although not
routinely performed, may assist in the early recognition of impending
vascular access failure. In addition to an increased rate of access failure,
grafts and (in particular) catheters are associated with much higher
rates of infection than fistulas.
Intravenous large-bore catheters are often used in patients with
acute and chronic kidney disease. For persons on maintenance hemodialysis, tunneled catheters (either two separate catheters or a single
catheter with two lumens) are often used when arteriovenous fistulas
and grafts have failed or are not feasible due to anatomic considerations. These catheters are tunneled under the skin; the tunnel reduces
bacterial translocation from the skin, resulting in a lower infection rate
than with nontunneled temporary catheters. Most tunneled catheters
are placed in the internal jugular veins; the external jugular, femoral,
and subclavian veins may also be used.
Nephrologists, interventional radiologists, and vascular surgeons
generally prefer to avoid placement of catheters into the subclavian
veins; while flow rates are usually excellent, subclavian stenosis is a frequent complication and, if present, will likely prohibit permanent vascular access (i.e., a fistula or graft) in the ipsilateral extremity. Infection
rates may be higher with femoral catheters. For patients with multiple
vascular access complications and no other options for permanent vascular access, tunneled catheters may be the last “lifeline” for hemodialysis. Translumbar or transhepatic approaches into the inferior vena
cava may be required if the superior vena cava or other central veins
draining the upper extremities are stenosed or thrombosed.
GOALS OF DIALYSIS
The hemodialysis procedure consists of pumping heparinized blood
through the dialyzer at a flow rate of 300–500 mL/min, while dialysate flows in an opposite counter-current direction at 500–800 mL/
min. The efficiency of dialysis is determined by blood and dialysate
flow through the dialyzer as well as dialyzer characteristics (i.e., its
efficiency in removing solute). The dose of dialysis, which is currently
defined as a derivation of the fractional urea clearance during a single
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