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dietary protein intake, the degree of anabolism or catabolism, and the
presence of comorbid conditions.
Since the landmark studies of Sargent and Gotch relating the measurement of the dose of dialysis using urea concentrations with morbidity in the National Cooperative Dialysis Study, the delivered dose of
dialysis has been measured and considered as a quality assurance and
improvement tool. Although the fractional removal of urea nitrogen
and derivations thereof are considered to be the standard methods by
which “adequacy of dialysis” is measured, a large multicenter randomized clinical trial (the HEMO Study) failed to show a difference in
mortality associated with a large difference in urea clearance. Current
targets include a urea reduction ratio (the fractional reduction in blood
urea nitrogen per hemodialysis session) of >65–70% and a body water–
indexed clearance × time product (KT/V) above 1.2 or 1.05, depending
on whether urea concentrations are “equilibrated.” For the majority of
patients with ESRD, between 9 and 12 h of dialysis are required each
week, usually divided into three equal sessions. Several studies have
suggested that longer hemodialysis session lengths may be beneficial
(independent of urea clearance), although these studies are confounded
by a variety of patient characteristics, including body size and nutritional
status. Hemodialysis “dose” should be individualized, and factors other
than the urea nitrogen should be considered, including the adequacy of
ultrafiltration or fluid removal and control of hyperkalemia, hyperphosphatemia, and metabolic acidosis. A recent randomized clinical trial (the
Frequent Hemodialysis Network Trial) demonstrated improved control
of hypertension and hyperphosphatemia, reduced left ventricular mass,
and improved self-reported physical health with six times per week
hemodialysis compared to the usual three times per week therapy. A
companion trial in which frequent nocturnal hemodialysis was compared to conventional hemodialysis at home showed no significant
effect on left ventricular mass or self-reported physical health. Finally, an
evaluation of the U.S. Renal Data System registry showed a significant
increase in mortality and hospitalization for heart failure after the longer
interdialytic interval that occurs over the dialysis “weekend.”
COMPLICATIONS DURING HEMODIALYSIS
Hypotension is the most common acute complication of hemodialysis,
particularly among patients with diabetes mellitus. Numerous factors
appear to increase the risk of hypotension, including excessive ultrafiltration with inadequate compensatory vascular filling, impaired vasoactive
or autonomic responses, osmolar shifts, overzealous use of antihypertensive agents, and reduced cardiac reserve. Patients with arteriovenous
fistulas and grafts may develop high-output cardiac failure due to shunting of blood through the dialysis access; on rare occasions, this may
necessitate ligation of the fistula or graft. Because of the vasodilatory and
cardiodepressive effects of acetate, its use as the buffer in dialysate was
once a common cause of hypotension. Since the introduction of bicarbonate-containing dialysate, dialysis-associated hypotension has become
less common. The management of hypotension during dialysis consists
of discontinuing ultrafiltration, the administration of 100–250 mL
of isotonic saline or 10 mL of 23% saturated hypertonic saline, or
administration of salt-poor albumin. Hypotension during dialysis can
frequently be prevented by careful evaluation of the dry weight and by
ultrafiltration modeling, such that more fluid is removed at the beginning rather than the end of the dialysis procedure. Additional maneuvers include the performance of sequential ultrafiltration followed by
dialysis, cooling of the dialysate during dialysis treatment, and avoiding
heavy meals during dialysis. Midodrine, an oral selective α1 adrenergic
agent, has been advocated by some practitioners, although there is insufficient evidence of its safety and efficacy to support its routine use.
Muscle cramps during dialysis are also a common complication.
The etiology of dialysis-associated cramps remains obscure. Changes
in muscle perfusion because of excessively rapid volume removal
(e.g., >10–12 mL/kg per hour) or targeted removal below the patient’s
estimated dry weight often precipitate dialysis-associated cramps.
Strategies that may be used to prevent cramps include reducing volume removal during dialysis, ultrafiltration profiling, and the use of
sodium modeling (see above).
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Anaphylactoid reactions to the dialyzer, particularly on its first
use, have been reported most frequently with the bioincompatible
cellulosic-containing membranes. Dialyzer reactions can be divided
into two types, A and B. Type A reactions are attributed to an IgEmediated intermediate hypersensitivity reaction to ethylene oxide used
in the sterilization of new dialyzers. This reaction typically occurs soon
after the initiation of a treatment (within the first few minutes) and
can progress to full-blown anaphylaxis if the therapy is not promptly
discontinued. Treatment with steroids or epinephrine may be needed
if symptoms are severe. The type B reaction consists of a symptom
complex of nonspecific chest and back pain, which appears to result
from complement activation and cytokine release. These symptoms
typically occur several minutes into the dialysis run and typically
resolve over time with continued dialysis.

PERITONEAL DIALYSIS
In peritoneal dialysis, 1.5–3 L of a dextrose-containing solution is
infused into the peritoneal cavity and allowed to dwell for a set period
of time, usually 2–4 h. As with hemodialysis, toxic materials are
removed through a combination of convective clearance generated
through ultrafiltration and diffusive clearance down a concentration
gradient. The clearance of solutes and water during a peritoneal dialysis exchange depends on the balance between the movement of solute
and water into the peritoneal cavity versus absorption from the peritoneal cavity. The rate of diffusion diminishes with time and eventually
stops when equilibration between plasma and dialysate is reached.
Absorption of solutes and water from the peritoneal cavity occurs
across the peritoneal membrane into the peritoneal capillary circulation and via peritoneal lymphatics into the lymphatic circulation. The
rate of peritoneal solute transport varies from patient to patient and
may be altered by the presence of infection (peritonitis), drugs, and
physical factors such as position and exercise.
FORMS OF PERITONEAL DIALYSIS
Peritoneal dialysis may be carried out as CAPD, CCPD, or a combination of both. In CAPD, dialysate is manually infused into the peritoneal
cavity and exchanged three to five times during the day. A nighttime
dwell is frequently instilled at bedtime and remains in the peritoneal
cavity through the night. In CCPD, exchanges are performed in an
automated fashion, usually at night; the patient is connected to an
automated cycler that performs a series of exchange cycles while the
patient sleeps. The number of exchange cycles required to optimize
peritoneal solute clearance varies by the peritoneal membrane characteristics; as with hemodialysis, solute clearance should be tracked to
ensure dialysis “adequacy.”
Peritoneal dialysis solutions are available in volumes typically ranging from 1.5 to 3 L. The major difference between the dialysate used for
peritoneal dialysis rather than hemodialysis is that the hypertonicity of
peritoneal dialysis solutions drives solute and fluid removal, whereas
solute removal in hemodialysis depends on concentration gradients,
and fluid removal requires transmembrane pressure. Typically, dextrose at varying concentrations contributes to the hypertonicity of
peritoneal dialysate. Icodextrin is a nonabsorbable carbohydrate that
can be used in place of dextrose. Studies have demonstrated more
efficient ultrafiltration with icodextrin than with dextrose-containing
solutions. Icodextrin is typically used as the “last fill” for patients on
CCPD or for the longest dwell in patients on CAPD. The most common additives to peritoneal dialysis solutions are heparin to prevent
obstruction of the dialysis catheter lumen with fibrin and antibiotics
during an episode of acute peritonitis. Insulin may also be added in
patients with diabetes mellitus.
ACCESS TO THE PERITONEAL CAVITY
Access to the peritoneal cavity is obtained through a peritoneal catheter.
Catheters used for maintenance peritoneal dialysis are flexible, being
made of silicone rubber with numerous side holes at the distal end.
These catheters usually have two Dacron cuffs. The scarring that occurs
around the cuffs anchors the catheter and seals it from bacteria tracking from the skin surface into the peritoneal cavity; it also prevents the
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