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I ntroduction

Petients with chronic disease have an in-
creased risk over time to develop medical
and/or surgical complicationsrelated to either
the underlying disease or its treatment. These
disease complications can have a significant
impact on overall patient morbidity and sur-
vival. Currently an estimated 120,000 patients
utilize peritoneal dialysis (PD) for the treat-
ment of end-stage renal disease (ESRD)
worldwide. Even though the actual percent of
patients treated with PD differs by country
(England 48%, US 14 %, Japan 6%, Australia
31%, France 10%), similar modality-specific
complicationsmay occur. Table 1 summarizes
a wide range of modality-specific or organ-
system complicationsthat have been reported

in patients on PD. Patient survival varies by
complication rate, age, presence of diabetes
mellitus (DM), and systemic competing risks;
these characteristics vary by country and so-
ciodemographic group. Peritonitis remains
the major cause of drop out from PD pro-
grams. Infectious complications account for
43 —50% of all patient admissions, 36.3% of
hospital days, 22% of catheter complications,
and 19.8% of technique-related complica-
tions. Various additional complications may
be related directly or indirectly to the actual
dialysis technique. Complications result in a
higher rate of hospitalizations, greater length
of stay and post hospitalization morbidity.
Strategies to anticipate complications in the
outpatient setting which significantly increase
the risk for hospitalization should be devel-
oped.

Table 1. System Categories for Complications of Peritoneal Dialysis (events, clinical/laboratory findings)

and Hospitalization Complications

1. Technique-specific/Non-infectious
— Membrane failure: true and apparent
— Sclerosing encapsulating peritonitis (SEP)

— Catheter-related: placement, hernia, malfunction, leak, perforation, other

— Hemoperitoneum

— Dialysis-related pain syndrome: inflow, outflow, generalized

2. Infections

— Peritonitis: typical organisms, atypical organisms, eosinophilic, sterile
— Catheter exit site (CESI): acute, chronic, tunnel, trauma

— S. aureus nasal carriage

— Antibiotic toxicity (gentamicin, vancomycin, quinolones)

— Vancomycin-resistent enteriococci (VRE)
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Table 1. continued

3.

6.

Cardiac/Vascular

Myocardial structural abnormalities (left ventricular hypertrophy, systolic dysfunction, infarction)
Valvular abnormalities and calcification

Arrhythmias

Atherosclerosis: hyperlipidemia: cholesterol, triglyceride, Lp(a), homocysteinemia
Abnormal vascular pro-ischemic factors

Vascular calcification

Vascular disease patterns: central, peripheral, cerebral

Blood pressure: hypotension/hypertension

Autonomic insufficiency

Pericardial abnormalities: infection, inflammation

. Musculoskeletal

Hypocalcemia, hypercalcemia, hyperphosphatemia

Low-turnover bone disease (adynamic bone disease)

Dialysis-associated amyloid: B2 microglobulin amyloidosis, cervical spondoarthropathy
Erosive azotemic arthropathy

Osteopenia, abnormalities in mineral density/flouride

Carpal tunnel syndrome

Myopathy

Extraskeletal calcification: periartcular, soft tissue

Back pain

Other: tendonitis, tendon rupture, capsular tear, inflammation, fluoride abnormality
Oxalate abnormalities

. Pulmonary

Hydrothorax

Respiratory function abnormalities
Bronchopulmonary infections
Metastatic pulmonary calcification
Pulmonary edema

Sleep-related respiratory disorders

Metabolic

Acid-base abnormalities: lactic acidosis, metabolic acidosis

Electrolyte/mineral disorders: hypokalemia, hypophosphatemia, hypomagnesemia, hyperkalemia,
hypernatremia, hypermagnesemia, decreased sulfate

Malnutrition: high-transport protein losses, amino acid abnormalities

Uncontrolled diabetes mellitus / advanced glycosylation end products (AGE)

Growth retardation

Hormonal abnormalities

Obesity

. Neurologic / Psychiatric

Cerebral metabolic abnormalities

Psychological abnormalities: depression, noncompliance, cognitive dysfunction

Multiple neuropathies: rapidly evolving polyneuropathy, ischemic optic atrophy, chronic inflammatory
demyelinating polyneuropathy, diabetic/uremic neuropathy

Restless legs, nocturnal myoclonus

Autonomic neuropathy

Cerebral vascular disease: multi-infarct, dementia, embolic stroke

Altered quality of life: job-related stress, disrupted work function
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Table 1. continued

8. Gastrointestinal

— Pancreatitis

— Motility abnormalities: gastroparesis, reflux, bloating
— Gastroesophageal reflux/bloating

— Nonobstructive mesenteric infarction (NOMI)

— Ascites: standard, chylous

— Gastrointestinal bleeding

— Hepatic complications: steatonecrosis, hepatitis C, hepatitis B, hepatitis G, liver abscess
— Esophagitis: infectious, inflammatory

— Ischemic/necrotizing colitis

— Esophageal rupture

— Drug toxicity: cisapride

9. Dermatologic / Other

— Pruritus

— Calciphylaxis

— Contact/hypersensitivity dermatitis
— Drug toxicity

10. Hematology / Oncology

— Anemia / red blood cell metabolism: infection/rHu-EPO response, angiotensin converting enzyme
(ACE)

inhibitors

Abnormal platelet morphology and function

Coagulation abnormalities: hypercoagulability, fibrinolysis

— Bleeding diuresis

— Neoplasia: renal cystic disease, urologic tumors, peritoneal

11. Transplant / Immune

— Graft rejection

— Post-transplant infection: pancreatitis, PD catheter
— Renal allograft thrombosis

— Post transplant ascites

— Immune defects: systemic, intraperitoneal
Hypogammaglobulinemia

— Dialysate-induced immune defects

— Systemic lupus erythematosus (SLE) reactivation

12. Hospitalization risk/complication
— Increased hospitalization
— Modality mortality effect
— Special populations at risk: HIV, elderly, diabetic, high-transport patients
— Postoperative complications:
— malnutrition (enteral feeding, gastrostomy, jejunostomy)
— uncontrolled hyperglycemia
— inadequate solute clearance
— postoperative wound infection (amputation, revascularization, cardiac, aorto-femoral)
— respiratory failure (re-intubation)
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Technique-specific
(Noninfectious)
Complications

Peritoneal Membrane Failure

Long-term alterations in the peritoneal
membrane are most likely related to the con-
tinuous exposure of the membrane to dia-
lysate solutions containing glucose, low pH,
and lactate. Little data are available on long-
term PD membranes, resulting in discrepan-
cies in the literature on membrane transport
characteristic changes. A number of reports
have suggested that creatinine mass transfer
coefficient (MTC) significantly increasesand
ultrafiltration (UF) capacity decreases after 4
years on PD, with little effect on the urea
MTC. Since the peritoneal equilibration test
(PET) resultsusually mirror MTC results, the
same findings would be expected in popula-
tions evaluated with PET. The increased
transport characteristics suggest an increase
in the effective peritoneal surface areaand/or
permeability dueto diminished interstitial re-
sistance over time. A 7-year follow-up study
of patients on PD reported 23 patients who
demonstrated increasing creatinine MTC
and/or dialysate/plasma(D/P) creatinine after
the third year [29]. Peritonea rest for 4 — 12
weeks helped stabilize changes in MTC.
Therefore, early recognition of transport al-
terations and peritoneal resting may allow a
patient to continue on PD for longer periods
of time. In agroup of 90 patients with perito-
neal membrane datatracked over 5—17 years,
the creatinine MTC significantly increased
over time concomitant with a decreasein UF
capacity [97]. UreaM TC remained unaltered.
Eighty percent of PD patients maintained sta-
ble solutetransport characteristics, while 27%
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demonstrated an increasein back diffusion of
solute and anincreasein UF failure. Children
may also develop membrane failure, espe-
cialy after infection with Group A strepto-
coccus.

Glucose dialysate modul atesthe function of
mesothelial cellsand peritoneal fibroblasts. In
vitro exposure of peritoneal membrane cell
lines can decrease proliferation rate, increase
expression of profibrotic cytokine-transform-
ing growth factor (TGF-), metalloprotei-
nases, advanced glycosylation end products,
and fibronectin. Newer solutions (e.g. amino
acid, icodextran, bicarbonate) may potentially
“rescue’ the peritoneal membrane from the
fibrosistriggered by the above substances. An
increase in transforming growth factor-p
(TGF-B1), and an increase in collagen fibers
with the generation of smooth musclecellsin
the media may also play a role. Icodextran
may extend PD usefulness by optimizing UF
based on its molecular size. No effect was
observed on permeability, but there was an
increasein convective flow through the small
pore system. UF failure due to a large effec-
tive peritoneal surface area may respond to
icodextran. An aternative treatment option
involves changing a patient to automated PD
with short cycles.

A number of markers of peritoneal
mesothelial cell function have been examined
in an attempt to predict patients at risk for
decreased membrane function over time. The
dialysate effluent can provide valuable indi-
rect information on the stability of the perito-
neal membrane [42]. Cancer antigen 125
(CA125), phospholipid and hyaluronicacid are
produced by mesothelial cells, and CA™lev-
els reflect mesothelial cell mass or turnover.
Although CA*?® may not necessarily correlate
with the actual number of mesothelial cellsin
the PD effluent, a decrease in CA'™ in an
individual patient reflects adecrease in over-
al mesothelial mass. In an attempt to preserve
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Table 2. Approach to Ultrafiltration Failure*

History:

Onset, time on peritoneal dialysis, shortness of breath, weight gain, resi-

dual renal failure, drain pattern

Exam:
Membrane characteristics:

Diagnostic tests:

Location of edema: distal/central, pleural effusion, scrotal edema
Stable, increased, decreased

Serum albumin, plain radiographic exam (chest, abdomen), CT scan,

CT with intraperitoneal contrast, radiolabeled scintigraphy

Treatment:

Peritoneal rest, surgical repair, cycler (APD), transfer to HD, phosphatidyl-

choline, heparin, alternate dialysate solutions’

*Ultrafiltration risk factors: time on PD, percent of dialysate glucose absorption, peritonitis rate, hyperosmotic
dialysate frequency, impaired transcellular water transport, acetate dialysate, high intraperitoneal pressure.
T Short chain polypeptides, glucose polymer, amino acid, ultra-low sodium dialysate solutions.

the peritoneal membrane and avoid peritoni-
tis, it may be important to avoid excess 4.25
g/dL dextrose, match modality with mem-
brane transport, and avoid uncontrolled blood
sugars or high glycosylated hemoglobin
(HbA1C > 8) [94]. The data are less clear
regarding the optimal effective membrane
resting period; the value of using intermittent
vs. continuous PD; and the use of small-dose
heparin surfactants, ADCON-D, mesothelial
cell implantation, or addition of vitamin E or
phosphatidylcholine to the dialysate.

Ultrafiltration (UF) Failure

UF failure can be classified as a true or an
apparent loss of UF. Thetruelossrefersmore
to specific membrane transport alterations,
anatomical abnormalities, increase in lym-
phatic absorption, or catheter dysfunction.
Apparent loss implies medical noncompli-
ance, amismatch between the transport char-
acteristics and the prescription, loss from re-
sidual renal function or prescription noncom-
pliance.

UF failure occursin 6.2 — 11% of patients,
and appearstoincreasewith timespent on PD.
After 6 years on PD, approximately 30% of
patients may develop UF failure [57]. The
approach to UF failure should consist of a
clinical history, physical examination, charac-
terization of membrane transport category,
and an analysis of serum abumin (Table 2).
Additional studies may include: plain X-ray
of the chest and abdomen, computed to-
mography (CT) with or without intraperi-
toneal (IP) contrast, and radiolabelled scinti-
graphy. Typically, the net UF is> 400 mL in
4 hours using a 4.25% glucose dialysate
(3.86%) solution.

UF failure can be categorized according to
PET results (Table 3). Patients presenting
with stable PET results may have catheter
mal position, subcutaneous dialysate leak, or
leak into the scrotal areawith significant geni-
tal edema. Other etiologiesfor UFfailurewith
stable PET test resultsinclude increased lym-
phatic absorption, increased intra-abdominal
pressure and impaired transcellular water
transport. While UF failure in PD is most
likely not due to an increase in |P pressure,
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Table 3. Usefulness of PET for Diagnosis of Ultrafiltration Failure in PD*"

PET Results
(solute transport
rate)

Possible diagnosis

Diagnostic Tests

Treatment

Increased (high)

Stable (average)

Decrease (low)

Type | membrane
failure

Peritonitis

Catheter malposition

Dialysate leaks

Increased lymphatic
reabsorption

Increased intra-

abdominal pressure

Impaired transcellular
water transport

Type Il membrane
failure (sclerosing
peritonitis)

Adhesions

% glucose
absorption

Dialysate cultures

X-ray

CT with contrast
scintigraphy
technetium 99™
albumin

Dextran, albumin®,
exclusion

IP pressure transducer

? rectal pressure monitor

D/P sodium (2 hours)
UF with 1.5% vs.
4.25% glucose

Surgical exploration
Peritoneal biopsy

Scintigraphy

Short dwell times

Peritoneal resting: 1 month

? alternate dialysate solution

Avoid hyperosmotic dialysates
(if possible)

Aggressively treat peritonitis
(antibiotic, heparin)

Surgical (laparoscopic, thoraco-
scopy, laparotomy)

Surgical
Alter dialyzing position

? phosphatidylcholine IP
Transfer to HD

Decrease volume

Short dwell times
Decrease % glucose
? transfer to HD

Hemodialysis
Catheter removal
Prednisone /Imuran
Tamoxifen

ADCON

Laparoscopic laser lysis
? tidal PD

* UFF in PD is defined as edema, inability to achieve dry weight with hypertonic exchanges (< 200 cc UF
with 4.25% dilaysate). © Possible risk factors: time on PD,% dialysate glucose absorption, peritonitis rate,
hyperosmotic dialysate frequency, impaired transcellular water transport, acetate dialysate, chronically high
intraperitoneal pressure.
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high IP pressures can decrease overal UF
rates. For each 1 cmincreasein water, thereis
a70mL decreasein UF after 2 hours. Patients
with increased or high PET results may bene-
fit from peritoneal resting or the use of alter-
nate solutions, e.g. glucose polymer. Scleros-
ing peritonitis and adhesions should be con-
sidered as etiologies for a decreased or low
PET result. Peritoneal resting is beneficial in
these patients with peritoneal UF failure.

Sclerosing Encapsulating
Peritonitis (SEP)

A number of reports have described the
development of SEP in continuous ambula
tory peritoneal dialysis (CAPD) patients. The
annual incidence rate is approximately
0.37/1000 patient-years. This rate may vary
by country with 0.9 — 1.7% incidence in Ja
pan, 0.7% occurrencein Australia, and 0.54%
in Canada. While SEPisarare complication,
it is nonetheless serious and, in some cases,
life-threatening. Depending on the study re-
ported, there can be a predominance of either
men or women with an increased occurrence
after age 40 and after 4 years of PD [116].

For patients on PD more than 4 years pre-
senting with abdominal pain, decreased UF
capacity, progressive malnutrition (decreased
weight), decreased serum albumin, anorexia,
and blood stained effluent, SEP should be
considered. Thediagnosis can be made onthe
basis of a plain abdominal X-ray indicating
obstruction, dilated small bowel loops, calci-
fied peritoneum (Figure 1); abdominal ultra-
sound findings of matted bowel loops, an
echogenic “sandwich” appearance around
bowel loops with loculating ascites; CT indi-
cating dilated bowel loops, loculated ascites,
dense thickening of the peritoneal membrane,
centrally adherent bowel loops which con-

Figure la.

Figure 1b.

Figure 1. a: CT scan demonstrating a calcified
peritoneum with centrally adherent bowel loops
which conglomerate and lose the normal intestinal
loop pattern (Courtesy, Burkhart, J.).

The normal intestinal distribution appearance is
noted in Figure 1b.

glomerate with loss of normal intestinal loop
pattern and luminal narrowing; or laparo-
scopy with peritoneal biopsy demonstrating
inflammatory intra-abdominal infiltrates, di-
lated lymphatics, fibrotic thickening of the
peritoneal membrane, and an absence of the
mesothelial cell layer.
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The multiple postulated etiologies for SEP
include recurrent severe peritonitis, CAPD
duration > 4 years, didysate composition
(acetate, hyperosmotic glucose, low pH),
multiple abdominal surgeries, various drugs
(B-blockers, disinfectants, | P antibiotics), and
catheter foreign body. Mortality from SEP
varies from 20 — 93%. A fatal outcome can
occur in asignificant percent of patients due
to bowel obstruction, or complications from
surgery and malnutrition. When surgery is
employed for diagnosis or adhesion relief,
special attention should be given to avoiding
infection, optimizing nutrition with early total
parenteral nutrition (TPN) and aggressive
hemodiaysis (HD) treatment.

Conservative treatment involves the re-
moval of the PD catheter, transfer to HD and
initiation of TPN torest thebowel. Prednisone
30 — 50 mg/day and/or azathioprine 100
mg/day may help with overall patient out-
come. Tamoxifen 20 mgevery 12 hoursorally
(PO) for 6 — 12 months may decrease perito-
neal membrane fibrosis in some patients.
Newer substances to decrease adhesion for-
mation (ADCON-D) may theoretically be
helpful at the time of surgery. Transplantation
may play arolein optimizing long-term out-
COomes.

Because most patients do not develop the
risk for SEP until after aperiod of timeon PD,
screening tests may be useful in identifying
individualsat increased risk for SEP. Changes
in the morphology of the mesothelial cell
appearance, abnormal peritoneal membrane
function tests and typical findings on radio-
graphicsurvey (e.g. CT scan, ultrasound) may
be helpful.

Catheter-related Complications

A number of complications may be associ-
ated with the insertion of a PD catheter. Fal-

8

conetal.'sreport indicated 27.6% of catheters
develop a complication [33]. The complica-
tions include malposition (13%), dialysate
leak (8.9%), hemoperitoneum (3.6%), perito-
nitis (1%), surgical wound infection (0.5%),
and chylous ascites (0.5%). Recognizing risk
factors and designing strategies to prevent
|eaksdecreasestheincidence of PD leak. Risk
factors for these complications following in-
sertion are previous abdominal surgery, par-
ticularly if it affected the peritonea mem-
brane; and early use of the catheter (< 5 days
after implantation).

Catheter-related complicationscanresultin
catheter loss. The major causes for catheter
lossareinfection (80%), catheter defect (5%),
PD failure (5%), drain failure (4%), and leak
(3%). Overall catheter survival at oneyear is
approximately 80%, decreasing to 50% by 3
years. The placement site, surgical technique,
and use of perioperative antibiotics all play a
rolein avoiding early postoperative catheter-
related complications. A paramedianincision
is associated with the least complications.
Furthermore, lower risk is observed when the
catheter isfixed to the lower peritoneum with
an additional suture. Several reports have de-
lineated the benefit of inserting the peritoneal
catheter 3 cm lateral to the linea alba, with
placement of one purse-string suture fixed to
the peritoneal membrane along theinner cuff,
a second fixed on the dorsal fascia of the
rectusmusclearound theouter sideof the cuff,
and a third suture around the catheter in the
ventral fascia[102]. Studies have not demon-
strated a significant difference between bed-
side and standard surgical placement.

Standardizing laparoscopic placement may
be helpful in improving long-term catheter
survival. Centers may use a closed Verres
needl e technique or an open Hassan technique
for theinitial abdominal CO> gasinsufflation.
The smallest number of 3-5-mm ports should
bemadeand 10- to 12-mm accessportsshould
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be avoided. Idedly tight 2-layer closure
should be performed. The post-laparoscopic
leakage and herniation rates are dependent on
access port placement position (lower ab-
domina quadrant), the number of ports, size
(10-mm vs. 5-mm), closure (partial vs. full
thickness), and time delay until theinstitution
of PD. Fewer problems are observed with full
fascial wound closureincluding the peritoneum.

A number of different catheters have been
designed to optimize long-term catheter sur-
vival. These include the Oreopolus-Zéeller-
man, Swan neck, Cruz catheter, Montcrief-
Popovic catheter, and the Tenckoff single and
double cuff catheters. Obese patients with a
body mass index (BMI) > 40 kg/m? may
benefit from using a presternal PD catheter
consisting of 2 silicone rubber tubes formed
by a titanium connector. Two-year catheter
survival approximates88%. Theroleof cathe-
ter configuration in the subsequent develop-
ment of mechanical or infectious complica-
tions is unclear. Several reports comparing
catheters with either single or double cuffs
have demonstrated no significant differences
in catheter survival, episodes of peritonitis,
and exit siteinfection. Patientswith the Swan
neck catheters have alower incidence of cuff
extrusion and pericatheter |eakage with better
catheter survival, although the incidence of
exit sitetunnel infectionsand migrationsisno
better than with the standard Tenckoff cathe-
ter in some studies.

Peritoneal catheter dysfunction is a com-
mon complication of PD and a frequent
source of morbidity, catheter loss, and addi-
tional cost of therapy. Inadequate flow occurs
in 6 — 55% of catheters. Specific causes for
catheter malfunction include intraluminal ob-
struction from blood, omentum, or fibrin; ex-
traluminal obstruction from omentum, adhe-
sions, catheter kinks, and constipation; and
catheter migration with or without obstruc-
tion (Figure 2). Extraluminal obstruction and

Figure2. The arrows designate a peritoneal dialy-
sis catheter which has migrated out of the pelvis and
resulted in inadequate dialysis drain volumes (ap-
parent ultrafiltration failure).

migration can result in one-way obstruction
with slow infusion or drainage and abdominal
pain with infusion or drainage. Catheter posi-
tion may be assessed by a flat plate of the
abdomen or CT peritoneography. Enemas,
physical activity, higher dialysate inflow
pressures, and catheter manipulation with a
semiflexible wire under fluoroscopy may be
helpful. Additional reported approaches in-
clude manipulation with a Fogarty catheter,
|aparoscopic re-positioning or open surgical
exploration with omentectomy and pelvic su-
ture tacking. In the setting of fibrin or aclot,
it may be helpful to use urokinase or strepok-
inase 10,000 units in 2 mL injected into the
catheter for 2 hours. Heparin 500 — 2000
units/L added to the dialysate may also pro-
vide some assistance. Preservation of the ex-
ternal tract in a dysfunctional catheter de-
creases time to catheter usage; otherwise, the
catheter should be replaced.

Both hernias and diaysate leaks may de-
velop in patients following the placement of
a PD catheter [7]. Severa different types of
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hernias may develop including internal cuff,
umbilical, inguinal and/or incisional. A sig-
nificantly greater incidence of hernia (ingui-
nal, incisional, and umbilical) occur in
autosomal dominant polycystic disease
(ADPKD) patients on PD. Increased ex-
change volumes of 2.5—3 L isnot associated
with a significantly increased risk for hernia
formation. The cycler is, however, associated
with a decreased risk of hernia development
due to the supine position for treatment.

All abdominal wall hernias should be re-
paired before PD is initiated to prevent pro-
gressive worsening. Consider 2 — 4 weeks of
HD after herniarepair to minimizerecurrence
risks. If HD is not feasible, use supine inter-
mittent low-volume dialysisfor 2 — 4 weeks.

Dialysateleakage may occur at the exit site,
in subcutaneous tissue (Figure 3), scrotum

10

Figure 3. Computed to-
mographic peritonography de-
lineates a subcutaneous peri-
catheter leak in a patient with
ultrafiltration failure.

Figure 4. Scrotal edema in
this male CAPD patient is char-
acterized by the presence of
contrast in the scrotal area
which was secondary to a pat-
ent foramen vaginalis as seen
on computed tomographic peri-
tonography.

(Figure 4), labia, or pleura peritoneal (hy-
drothorax). The most common causes for
scrotal edema are hernias and leaks along the
catheter, or fluid overload. Catheter infection
and peritonitis followed by a leak often lead
to catheter loss and probably indicate an in-
fection of the catheter’s deep cuff. Infections
developing following a leak usually resolve.
Radionucleotide scanning, peritoneal scinti-
graphy with Tc* M-colloid, and ultrasound
may be helpful in identifying the site of leak-
age. Localization of leaks and abnormal 1P
collectionsby CT peritoneography are helpful
if surgical management is contemplated. For
early leakage, the treatment options include
dialysis in the supine position with low vol-
umes for 3 — 5 treatments, or transfer to
HD for 1 — 2 weeks while withholding PD.
A larger leak volume, malnutrition, and pa-
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tient age > 80 correlatewith agreater need for
surgical repair.

Laparoscopic revision of a previous mal-
functioning catheter may be complicated by
dialysate leakage through the laparoscopic
entry port. Restoration of anintact surfaceand
an open defect in the peritoneum usually need
5—8days of healing time, independent of the
initial size of the defect. Increasesin intra-ab-
domina pressure may delay abdominal
wound healing by decreasing rectal sheath
blood flow, resulting in tissue hypoxia. The
early initiation of PD with 2-L volumes may
contribute to this problem. Dialysateleak and
hemoperitoneum have been observed after
laparoscopic cholecystectomy in CAPD pa-
tients. Radionucleotide scanning, peritoneal
scintigraphy with Tc*® M-colloid and ultra-
sound may be helpful inidentifying the site of
leakage.

Other reported catheter-related complica
tions include omenta herniation, pneumo-
peritoneum, erosion of the catheter into the
mesenteric vessels, small bowel obstruction,
and organ perforation: gall bladder, small
bowel, large intestine, or bladder.

Hemoperitoneum

Hemoperitoneum (blood in the dialysate)
may result from alarge number of etiologies
including: catheter-related splenic infarction,
perforation of thegall bladder, amyloid bowel
with perforation, exogastric |eiomyosarcoma,
hepatic angioleiomyoma, rupture of polycys-
tic liver, rupture of hepatic tumor,
iliolelomyoma, carcinomatous liver, peri-
cardiocentesis, retroperitoneal hematoma,
menses, ruptured hemorrhagic ovarian cyst,
giant multicystic hemangioma, perforated di-
verticulae and ischemic colitis. Wang et a.
have characterized hemoperitoneum into 3
distinct groups[112]. Group | refersto benign

retrograde bleeding from fallopian tubes,
ovulation, catheter repositioning, femoral he-
matoma, immune thrombocytopenia purpura
(ITP), warfarin, peritonea entry after trans-
plant, strenuousexercise, ectopic endometrio-
sis, and use of hypertonic dialysate. Group |1
includes IP bleeding with significant pathol-
ogy, usually persisting for > 36 hours, and
characterized by a decrease in hematocrit
(HCT) and blood pressure. Group |1 individu-
als may warrant laparotomy. Etiologies in-
clude pancreatitis, polycystic kidney disease
with intracyst bleeding, postoperative bleed-
ing and renal angiomyolipoma. Group Il re-
fersto significant bleeding requiring specified
interventions. The etiologies include perito-
neal laceration, ovarian cyst rupture, ruptured
spleen or splenic artery, pseudoaneurysm,
bowel perforation, or abdominal aortic aneu-
rysm rupture.

Dialysis-related Pain Syndrome

Abdominal pain not related to infection
may occur in the setting of PD. Once perito-
nitis is excluded, other etiologies should be
considered including pancreatitis; cholecysti-
tis, perforated ulcer or small bowel; ruptured
diverticuli; incarcerated omentum; small
bowel hernia; appendicitis;, diverticulitis;
mesenteric insufficiency; ischemic colitis;
bowel infarction; and catheter erosion into
vagina, bladder, or bowel. Patientson diaysis
can develop a surgical abdomen independent
of true peritonitis. Patients with persistent lo-
calized abdominal rebound, dilated loops of
bowel, increased intra-abdomina ar with
pain, with multiorgan peritonitis or refractory
peritonitis warrant consideration for surgical
exploration. Dialysate infusion pain may re-
sult from conventional (40 mM) lactate dia-
lysate. Bicarbonate and bicarbonate/lactate
solution may decrease infusion pain. Rectal
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painwithinfusion may berelated to the cathe-
ter being directed towardsthe posterior pelvis.
If the pain does not resolve, the catheter may
need manipulation or revision.

Infections

Overview of Peritonitis

Infectious complicationsrepresent the most
important reason for patient drop-out from PD
programs. The major sources of infection can
be characterized into peritonitis and catheter
exitsiteinfection (CESI). Asoutlinedin Table
4, gram-positive organisms (typically Staphy-
lococcus speci es) are the most common cause
of peritonitis and CESI, with gram-negative
bacterial and fungal infections accounting for
alesser percentage. A wide variety of patho-
gens has been reported. Infections can occur
via a number of different routes including
intraluminal (touch contamination), perilumi-
nal (catheter tracking), transmucosal (viathe
intestinal wall, especially with acute constipa-
tion treatment and/or diarrhea), hemato-
genous, intra-abdominal, or viaother loci (i.e.
pulmonary, gynecologic, or urinary). Therate
of sterile peritonitis may be as high as 20%
depending on the culture technique (delayed
culture inoculation, insufficient sample, in-
itiation of treatment prior to culture, and
atypical pathogens). Initial no growth perito-
nitis accounted for 14% of the episodes of
peritonitis in the Network 9 Peritonitis and
Catheter Survival study. Thirteen of 37 (35%)
patients were positive with re-culturing (3
fungus, 5 gram-negative, 5 gram-positive)
[13]. There was a greater percentage of
patients over age 70 with gram-positive or-
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ganisms, and patients who develop sterile
peritonitis and place additives in their dia
lysate. Newer dialysis systems have de-
creased peritonitis risk. Optimizing diaysate
sampling for culture is essential to the accu-
rate diagnosis of peritonitis. Severa tradi-
tional cultureapproachesare: standard culture
of small amounts of dialysate; culturing large
amounts with centrifugation, filtration, and
removal of any antibioticswhich may be pre-
sentinthedialysate; ablood culturetechnique
depending on lysis of leukocytes to increase
theyield; and BACTEC, aradioactive culture
technique.

Mycobacteriamay be difficult to culturein
certain settings. Patients with human immu-
nodeficiency virus (HIV), hepatitis B (HBV),
or active cytomegalovirus (CMV) infections,
uncontrolled DM, or malnutrition are at in-
creased risk for infection. A large number of
case reports (Table 4) in the literature have
delineated the broad spectrum of organisms
(gram-negative and gram-positive bacteria,
fungi, molds, parasites, and mycobacteria) re-
sponsible for infections in PD. Penicillosis
marneffel, a newly emerging disseminated
and progressive mycosis, will likely be seen
increasingly in PD peritonitis in the future.
There are significant differencesin the course
and treatment success depending on the type
of organism.

Peritonitis

The diagnosis of peritonitis depends on the
presence of abdominal pain and visibly
cloudy fluid. Rarely, patients may present
with abdominal pain out of proportion to the
white blood cell (WBC) count, raising con-
cerns for atypical mycobacteria, enterococci,
fungus, or amore unusual organism. Thetotal
number of dialysate WBCs is usualy > 100
cellg/pulL. The WBC differentia may offer a



5 Schreiber - Complications of Peritoneal Dialysis

Table 4. Infection Complications by Organism

Organism Peritonitis % cases
Gram-positive1 50 — 75%
Staphylococcus aureus? (40-50%)
Staphylococcus epidermidis2 (40-60%)
Streptococcal species (3-15%)
Enterococci (3-10%)
Gram—negative3 15 - 25%
Pseudomonas® (5-10%)
Non-Xanthomonas® (10-15%)
Fungus5 <2%
Candida albicans (75-80%)
Non C. albicans (20-25%)
Other® <2%
Sterile 10 — 20%
Organism Catheter Exit Site % cases
Gram-positive 70 — 75%
S. aureus (40-50%)
S. epidermidis (50-60%)
Gram-negative 12 - 20%
Pseudomonas (60-55%)
Eschericae coli (40-35%)
Fungus 5%
C. albicans (80-85%)
Other (15-20%)

lcase reports: Rhodococcus equi, Bacillus cereus, Neisseria monocytogenes, Streptococcus pyogenes,
Clostridium difficile, Nocardia asteroides. 2Percent methcillin-resistant S. aureus and S. epidermidis are
center dependent. Scase reports: Xanthomonas maltophilia, Agrobacterium radiobacter, Neisseria meningi-
tidis, Capnocytophaga species, Moraxella (Branhamella) catarrhalis, Oligella urethralis, Pasteurella multo-
cida, Acinetobacter, Neisseria cinerea, Aeromonas hydrophila, Flavobacterium, Alcaligenes xylosoxidans,
CDC group EO-3, Neisseria sicca. “Escherichia coli, Klebsiella species, Acinetobacter, Enterobacter,
Seuabia. °Case reports: Cryptococcus, Rhodotorula rubra, Aurobasidium pullulans, Histoplasma capsula-
tum, Trichosporon inkin. Sparasites: Giardia lamblia, Anisabis larva. Mold: Pennicillium species, Verticillium
species, Aspergillus species, Biipolaris hawaiiensis, Exophiala jeanselomei, Fusarium species, Paccilomy-
ces ravotii, Curvularia lunata (black mold), Aspergillus niger, Trichoderma gibrachiatum. Mycobacterium:
tuberculosis, atypical mycobacteria (fortuitum, kansasii, gordonae, phlei)
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Table 5. Empiric Therapy1

1

Continuous Dose Intermittent Dose?

(dose in each ex- Administer in 1 exchange
change) g day (dwell 4-6 hours)

Residual Renal Function (cc/day)
Treatment Loading Anuria (< 500) Non-anuria (> 550)
Cefazolin 500 mg/L 125 mg/L 500 mg/L Increase dose by
Cephalothin 500 mg/L 125 mg/L (15 mg/kg) 25%
Ceftazidime 250 mg/L 125 mg/L 1000 mg 1000 mg
Cefipime® 500 mg/L 125 mg/L 250 mg/L IP BID
Gentamicin® 8 mg/L 4 mg/L 0.6 mg/kg 0.6 mg/kg; IV/IP

body weight initial dose’
Tobramycin See footnote for

maintenance dose recommendations
Vancomycin® 1000 mg/L (IP) See footnote for maintenance dose recommendations®
Aztreonam 1000 mg/L 250 mg/L 1000 mg/day

Potential antibiotic regimens include: vancomycin + aminoglycoside, aztreonam or ceftazidime, cepha-
losporin + aminoglycoside, or cefipime

!Medications can be given IV or IP. Dosages are recommended for 1.73 m?. [For patients with an increased
risk for ototoxicity, use aminoglycoside alternative (aztreonam) plus vancomycin or cefipime alone.]
Gentamicin plus cephalosporin can be given in the same exchange, dwell time 4 — 6 hours.

’Dose per drug level (dwell 4 — 6 hours). Due to decreased post antibiotic effect, once-daily dosing for
cephalosporins may result in sub-optimal results.

Siv=15 mg/kg; check level at 48 hours; redose intraperitoneally when level <2 meg/L (Accurately document
level prior to next dose as recommended)

“Check random level at 72 hours, redose when < 18 pg/L. For patients with RRF consider redosing in 3 —
5 days vs. 5 — 7 days in anuria.

SIndications for continued vancomycin dosing: PCN allergic, shock, methicillin resistant, not responding to
standard treatment (check random level at 72 hours, redose when < 18 mg/ml)

SUse for broad spectrum coverage of gram-negative in place of ceftazidime and aminoglycoside.

“If administering with vancomycin, give vancomycin IP and aminoglycoside V.

clue to the specific type of infection, with peritonitis, and increased lymphocytes may
polymorphonuclear leukocytes (PMNSs) be- indicate an atypical infection such as myco-
ing more common in bacterial peritonitis, bacterium. The presence of eosiniphils (>
while monocytes (> 10%) occur in fungal 100/puL) may indicate the usually benign con-

14
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Table 6. Peritonitis Treatment Guidelines

Introduction
A. Reasons for re-assessing treatment

. Increased risk for VRE peritonitis

. Peritonitis related drop out patterns

OO0 WNE

. Hospitalization risk (> 50%)

. Increased number of vancomycin-resistant enterococci (VRE) in dialysis
. Risk of inadequate treatment regimens for peritonitis

. Postantibiotic effect (PAE) vancomycin vs. intermittent cephalosporin

B. Model protocols after Recommendations of the Advisory Committee on
Peritonitis Management of the International Society for Peritoneal Dialysis 1996

C. Complete organism treatment sheet on all patients

D. Define benchmark peritonitis rate

Adapted from Keane et al.: Perit Dial Int, 1996, 16; 11.

Figure 5. Initial Clinical Presentation with Perito-
nitis.

*Cell count > 100 cells/HPF (high power field) >50%
neutrophils suggest bacteria, > 10% monocytes
suggest fungal, and lymphocytosis may indicate
tuberculosis. tFor a positive gram stain; intracellular
organisms warrant rifampin if no contraindications
exist. If yeast on gram stain, initiate antifungal treat-
ment and await culture prior to removing catheter,
unless patient’s condition is deteriorating. **Culture
technique (see text). $Check culture, verify sensitiv-
ity, adjust antibiotics (see text). ***Piperacillin or
cefipime may replace ceftazidime in certain medical
centers.

dition of eosinophilic peritonitis, although a
fungal infection should also be considered.
Eosinophilic peritonitis usually responds
spontaneously, but low-dose prednisone has
been used in persistent cases, with variable
response.

A gram stain is positive only in approxi-
mately 20% of caseswith peritonitis. Empiric

L by uid amd'or ahdoaninal (R0
arelfor unesplained lver

!

Cell count'differential *
Crrarn simint

1l honrs

Culiure™*
¥
O hewirs | Initinte envpinic therapy (see Table 1)
COVERAGE
Lgraen posstive ) and gram negeive (-5
| I dnug=pe

2448 hours. THERAPY AIMUSTMENTE
| | |

[ L Lpiiure L Yeasi on
g ism negaiivg ganEm gram siain
i culiung

treatment is usually begun after cultures are
obtained. Figure 5 summarizes empiric ther-
apy and subsequent adjustment after culture
results are known, typically 24 — 48 hours.
Both gram-positive and gram-negative organ-
isms should initialy be covered unless the
infection represents a documented relapse.
Patients who require continued vancomycin
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Table 7. Dosages for Some of the More Frequently Used Antibiotics

Dosing

Drug Intermittent Continuous

(1 dose/day unless otherwise (mg/L unless otherwise

specified) specified)
Aminoglycosides
Amikacin 2 mg/kg LD 25, MD12
Gentamicin® 0.6 mg/kg LD 8, MD 4
Netilmicin 0.6 mg/kg LD 8, MD 4
Tobramycin1 0.6 mg/kg LD 8, MD 4
Cephalosporins?
Cefazolin 15 mg/kg LD 500, MD 125
Cephalothin 15 mg/kg LD 500, MD 125
Cephradine 15 mg/kg LD 500, MD 125
Cephalexin 500 mg PO QID NA
Cefamandole 1000 mg LD 500, MD 250
Cefepime 250 mg BID LD 500, MD 250 (BID)
Cefmenoxime 1000 mg LD 100, MD 50
Cefoxitin ND LD 200, MD 100
Cefuroxime 400 mg PO or IV LD 200, MD 100-200
Cefixime 400 mg PO NA
Cefoperazone ND LD 500, MD 250
Cefotaxime 2000 mg LD 500, MD 250
Cefsulodin 500 mg LD 50, MD 25
Ceftazidime 1000 mg LD 250, MD 125
Ceftizoxime 1000 mg LD 250, MD 125
Ceftriaxone 1000 mg LD 250, MD 125
Penicillins
Azlocillin ND LD 500, MD 250
Mezlocillin 3000 mg IV BID LD 3000 mg IV, MD 250
Piperacillin 4000 mg IV BID LD 4000 mg IV, MD 250
Ticarcillin 2000 mg IV BID LD 1000-2000 mg IV, MD 125
Ampicillin ND MD 125; or 250-500 mg po BID,

250-500 mg po QID.

Dicloxacillin ND MD 125
Oxacillin ND MD 125
Nafcillin ND 250-500 mg PO every 12 hours
Amoxacillin ND
Quinolones
Ciprofloxacin 500 mg PO BID Not recommended
Fleroxacin 800 mg PO loading, Not recommended

then 400 mg PO daily
Ofloxacin 400 mg PO loading, Not recommended

then 200 mg PO daily
Others
Vancomycin 15 — 30 mg/kg for 5 — 7 days LD 1000, MD 25
Teicoplanin 400 mg IP BID LD 400, MD 402
Aztreonam® 1000 mg LD 1000, MD 250

16



Table 7. continued
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Dosing
Drug Intermittent Continuous
(1 dose/day unless otherwise (mg/L unless otherwise
specified) specified)
Clindamycin ND LD 300, MD 150
Erythromycin 500 mg PO QID LD ND, MD 150
Metronidazole 500 mg PO/IV TID ND
Minocycline 100 mg PO BID NA
Rifampin 450-600 mg PO daily or NA
150 mg IP TID-QID.
Antifungals
Amphotericin NA 15
Flucytosine 1000 mg daily PO or 100 mg/L IP 50
each exch x 3 days, then
50 mg/L/exch 200-8000 mg PO
Fluconazole ND ND
Ketoconazole NA
Miconazole LD 200, MD 100-200

Combinations
Ampicillin/sulbactam
Imipenem/ciliastatin
Piperacillin/tazobactam®
Trimethoprim/sulfamethoxazole5

2000 mg every 12 hours
1000 mg BID

320/1600 mg g. 1 — 2 days PO

LD 1000, MD 100
LD 500, MD 200

LD 320/1600, MD 80/400

The route of administration is intraperitoneal (IP) unless otherwise specified. The pharmacokinetic data and
proposed dosage regimens presented here are based on published literature reviewed through January
1996. There is no evidence that mixing different antibiotics in dialysis fluid (except for aminoglycosides and
penicillins) is deleterious for the drugs or patients. Do not use the same syringe to mix antibiotics.

2This is in each bag x 7 days, then in 2 bags/day x 7 days, and then in 1 bag/day x 7 days.

LD = loading dose; MD = maintenance dose; NA = not applicable; ND = no data; IV = intravenous; IP =
intraperitoneal; PO = oral; BID = twice a day; TID = three times a day; QID = four times a day

NOTE: CAPD patients with residual renal function may require increased doses or more frequent dosing,
especially when using intermittent regimens.

1) evels should be obtained to guide dosing interval. Consider redosing when level falls < 2 pg/L
2Concerns exist regarding lack of post-antibiotic effect

3can be utilized for penicillin-allergic patients

4Zosyn (piperacillin/tazobactam) replaces timentin for serious polymicrobial nosocomial infections.
Adapted from Keane et al. Perit Dial Int 1996;16:561

5Stenotrophomonas is uniquely sensitive to trimethoprim/sulfamethoxazole
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need drug level determinations to maintain a
serum level of > 18 pg/mL, especialy in
patients with residual renal function. Trough
vancomycin levels may predict the risk for
relapse of gram-positive infections. A low
4-week main trough (< 12 pg/mL) or initial
7-day trough (< 14 pg/mL) vancomycin level
indicates an increased risk for subsequent
peritonitis relapse. Dosing intervals of ap-
proximately every 5 days (patients without
residual renal function) and 3 — 4 days (resid-
ual renal function patients) are needed to
achieve therapeutic levels. Table 7 lists dos-
ages for commonly used antibiotics. A new
class of antibiotics, the oxazolidinones, may
offer increased effectiveness against
methicillin-resistant Staphylococcus aureus
(MRSA).

Even though Staphyl ococcus epidermidisis
the most common touch contamination patho-
gen, the frequency of infection from more
virulent S. aureus has increased dramatically
in some centers. Patients with nasal carriage
of S aureusareat increasedrisk (4—6.7 times
that of non-carriers) for the development of S.
aureus CES| and/or peritonitis. While pa
tients with gram-negative peritonitis respond
to appropriate antibiotic treatment, pseudo-
monal infections, especially CESI, are diffi-
cult to cure. Early and aggressive therapy is
essential because of significant morbidity.
Prevention, including disinfecting showers
and soaking shower heads with sodium hypo-
chlorite, and disinfecting areas with stagnant
water, is the key to decreasing the incidence
of outbreaks.

Maneuvers which alter bowel mucosa
and/or cause diarrhea increase the risk for
gram-negative infection. These include ene-
mas, frequent suppositories, alternating con-
stipation/diarrhea, diabetic colon dysfunc-
tion, Clostridia difficile diarrhea and Haz
blockers. The majority of fungal infections
are due to Candida species usually after anti-

18

biotic treatment, malnutrition, or with addi-
tional risk factors (e.g. DM with esophagitis).
Percutaneous endogastrostomy tube place-
ment and surgical jejunostomy in patients
with diabetic gastroenteropathy and mal nutri-
tion may pose an increased risk for fungal
peritonitis. Mycobacterial peritonitis should
be considered in patientswith apparent sterile
peritonitis and lymphocyte predominance. A
peritoneal biopsy may be warranted to in-
crease the diagnostic yield. A number of dif-
ferent atypical mycobacterial species have
been reported in addition to several different
types of mold.

A disciplined approach to peritonitis treat-
ment is essential to optimize outcome and
maintain patients on long-term PD. While a
number of different treatment approaches
utilizing 1V, PO, or | P medications have been
proposed, a reasonable approach is presented
in Figures 6 — 10. From 1993 to 1996, the
Peritonitis Working Group shifted the empha-
sis from vancomycin and ceftazidime to
cephalosporin and gentamicin in response to
concerns regarding vancomycin-resistant en-
terococci (VRE). The emergence of VRE in
dialysis units has raised critical international
health concerns. The major concern relatesto
the potential for the transfer of the vancomy-
cin resistance (genes) from VRE to other
gram-positive organisms such as Staphylo-
coccus. Clinical isolatesof vancomycin-resis-
tant pneumococci have now been identified.
The enterococci species are now the second
most frequent cause of nosocomial infections
intheUSand areincreasingin their resistance
to vancomycin. The larger the hospital, the
greater the percent of resistant enterococci.
With < 200 patients the percent of resistant
enterococci is 0.6%; this increases to 7.2%
with > 500 patients. Patients presenting with
VRE aremorelikely to be malnourished, > 40
years old, have gastrointestinal (GI) abnor-
malities such as diarrhea and incontinence,
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and have a prior history of antibiotic use.
Seemingly a single dose of vancomycin
should not significantly increase the risk for
VRE, but continued use of vancomycin for
any subsequent dose when other antibiotics
are appropriate is discouraged. Therefore,
treatment with vancomycin is reserved for
serious infections with hemodynamic com-
promise, patients with documented allergies
to penicillin, and prophylaxis when thereisa
high incidence of MRSA or methicillin-resis-
tant S. epidermidis.

Appropriate use of cephalosporins is also
crucial, given their increased use. Severa
points should be made regarding the use of
cephalosporins and aminoglycosides as em-
piric treatment. Cephalosporins need to be
administered in each exchange due to their
lack of negative post-antibiotic effect. While
some work has described the use of a high
daily dose, further study is needed to validate
this dosing scheme. Proper dosing of amino-
glycosides should be guided by serum levels,
although appropriate drug levels do not guar-
antee against toxicity. Patients who have an
increased risk for aminoglycoside toxicity
(e.g. diabetics, patients with prior aminogly-
coside dosing in the previous 2 months, and
individuals with subclinical hearing deficits)
should be identified and alternate treatment
protocols designed.

The routine use of 1P heparin does not ap-
pear to affect the overall outcome of peritoni-
tis. Severa reports have utilized heparin,
urokinase or streptokinase in cases where
thereissignificant fibrin formation during the
course of infection. Fibrin may harbor micro-
organisms and lead to dialysate drain prob-
lems.

Gram-positive organisms (Figure 6) can be
divided into 4 different categories. entero-
cocci, S. aureus, MRSA, and VRE. For S
aureus infections, a 21-day course of therapy
isindicated. In diabetic or malnourished indi-

viduals, prophylactic coverage for fungal in-
fection should be initiated using mycelex
trouches, nystatin oral suspension, diflucan or
clotrimazolevaginal creaminfemalepatients.
If VRE is documented, the patient will most
likely be switched to HD and subsequent an-
tibiotic treatment with quinupristin/dalfo-
pristin, chloroamphenical or trimethoprin-
sulfamethoxazole (TMP-SMX) employed.

When gram-negative organisms are identi-
fied, the antibiotic selection (Figure 7) should
be based upon whether thereisasingle gram-
negative (non-xanthomonas) or either
Pseudomonas or Senotrophomonas. Gram-
negative organisms can be classified into oxi-
dase-negative and oxidase-positiveinfections
or lactose-positive. In the setting of pseudo-
mona infections, 2 drugs are essentia for
eradication; TMP-SMX is the primary medi-
cation used for Stenotrophomonas. Amino-
glycoside agents should be continued for
Pseudomonas infections if there is not a sig-
nificant risk for vestibular ototoxicity.

If yeast isidentified on gram stain and cul-
ture, the PD catheter should be removed and
the patient should be treated with am-
photericin and/or fluconazole depending on
culture results (Figure 8). Although catheter
salvage with treatment has been reported, the
course is protracted and may pose significant
patient morbidity. Fluconazole may be effec-
tive in healthy, well-nourished dialysis pa-
tients; however, certain patients not respond-
ing to fluconazole should be switched to 1V
amphotericin even though the organism may
be sensitive to fluconazole in vitro. Delay in
converting patientsnot responding to flucona-
zole and with persistence of abdominal pain
and positive gram stain will lead to increased
morbidity and mortality.

Patients presenting with multiple organ-
isms and/or enterococca infections should be
treated appropriately with gram-negative,
gram-positive, and/or anaerobic coverage. If
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Figure 6. Treatment Algorithm for Gram-positive Organism on Culture. Choice of therapy should always be
guided by sensitivity patterns. Avoid prolonged vancomycin use. T If enterocci is resistant to aminoglycoside,
use ampicillin alone. ¥ PCN-allergic alternative agents: vancomycin, clindamycin, rifampin, quinolones
(ciproflocaxin or ofloxacin). If not PCN-allergic, use anti-staph or 1st generation cephalosporin; if anaphylac-
toid reaction, use vancomycin. { Ensure normal liver function tests and NO lens implants. **Synercide
intraperitoneal 1 to 1.5 grams IP in 4 — 6 hours dwell, chloroamphenicol IV 500 mg q 6 hours. Tt If
methicillin-resistant S. aureus is cultured and the patient is not responding clinically, vancomycin or clindamy-
cin plus rifampin should be used. **Add mycelex trouches for diabetic patients or when total antibiotic
treatment > 14 days. Dose mycelex trouches one qid, nystatin (oral suspension) 500,000 IU qid, or diflucan
100 mg qd for entire treatment plus 5 days. For female patients with yeast vaginal infections, use gyne-lotrimin
to decrease risk of vaginal candidiasis seeding.

4B hows
Smpk gram Peasds- Nlakapde
reganl iz |rEm- recrms i A T
LTIV T A i phaaiorast ol id araciehes
At Ciiseaniine vascsayein Wrcid watk Rread Figure_ 7. _Approach to Gram-negative Organism or
amibinikcxin T P ——— eI Polymicrobial. *(a) Lactose (—)oxidase (-): Proteus
sAniEvil wavanrg hoasils lreareen!l, W'I=n:.-'= mirabilis, Proteus vulgaris, Providencia species, Mor-
peime  Ravhes mocrplRelip md s recledng ganella morganii, Serratia, Salmonella, Shigella, Ac-
jopimaky T D dgponl sl Al iy agawnl ankTuk ; .
g PIEARIAIT, |.¢., BSITEETary p— ine tobacter, Stenotrophomonas. (b) Lactose (-) oxi-

. #ihesrn  dase (+): Pseudomonas aeruginosa, Aeromonas hy-

g b, Ciprodlisaem

86 hours 1 T drophilia, Moraxella species, Alcalignes, Flavobac-
L BN cliaieal ::.“‘:‘_“* terum species, Hemophilus influenzae. For Flavobac-
:':H':' Improvesrs_rocabtars cosnaler teruim, vancomycin ist the drug of choice. (c) Lactose
mne, R, me e, cosadr o (+): E. Coli, Klebsiella, Enterobacter, Citrobacterium.
:‘:‘:l eathier revorval |pall fara naphunsd tFor Pseudomonas use 2 drugs; for Stenotro-
s e e phomonas, use 1 medication (e.g. trimethoprim-
sulfamethoxazole).  $Continue  aminoglycoside
7] ....,_;  Buradewal e gl unless significant risk for vestibular-ototoxicity. §Cell
Therapy count not decreasing, symptoms persist.

20



5 Schreiber - Complications of Peritoneal Dialysis

0 hours
Initiofe trectment
24-48 hours CULTURE POSITIVE?
= .
¥es No
o A
24-48 hours

Remowe catheter

i Treat | (Dosing Schedule)

amphatericin or uconazoles

Reculture ¥

Tetal treatment after catheter
ramoval, 4-6 wks or total dose,

Figure 8. Approach to Fungal Infection in PD — Yeast on Gram Stain (Should see increased % monocytes,
significant pain/symptoms) tIf symptoms increase and monocytes > 20%, check for acid-fast bacilli. tUse
fluconazole (200 mg LD, PO then 100 PO daily x 14 days) if Candida albicans; use amphotericin for all other
sensitive fungus: total treatment dose IV = 250 mg. Use test dose prior to standard treatment (1mg) dependent
on organism sensitivity and infection resolution. A new PD catheter can be inserted in 4 — 6 weeks. Fluconazole
may not be as effective as amphotericin, and should be used primarily in healthy, well-nourished dialysis
patients. If patient is not responding with fluconazole, convert to IV amphotericin for total treatment course.

thereis no improvement in the cell count and
clinical status within 72 hours, the patient
should undergo surgical exploration because
of the high likelihood of a ruptured viscous.
While IP free air can be observed on plain
filmsof PD patients, excessiveamountsin the
setting of persistent infection should raisethe
possibility of a ruptured viscous. A delay in
surgical intervention will lead to a poor out-
come in these individuals. Eighty percent of
patients developing polymicrobial infections
can remain on PD if aggressively treated; the
other 22% require catheter removal and trans-
fer to HD.

Abdominal abscesses may complicate peri-
tonitisin CAPD patients, with anincidence of
abscess development in 0.7% of peritonitis
episodes. Persistent symptoms, |P leukocy-
tosis and culture positivity should prompt a
CT abdominal/pelvic evaluation for abscess
formation. Draining of the abscess percutane-
ously or viaopen surgical procedure will im-
prove the overall patient outcome.

Relapsing peritonitis (Figure 9) is defined
as an infection by the same organism < 21
days after treatment. Optimizing sampling
and culturing techniques is essential for or-
ganismidentification. Theinfection should be
treated based upon sensitivitiesfor at least 21
days. Sequential C-reactive protein (CRP)
levels have been suggested as a guide for
duration of treatment. If a patient relapses
with the same organism after a second treat-
ment course, consideration should begivento
catheter removal.

Patients utilizing automated PD may pre-
sent antibiotic dosing dilemmas. Factors that
may lead to suboptimal treatment include IP
dosing with short dwell times; inappropriate
drug levels; low peak to minimal inhibitory
concentration (MIC) levels; a short duration
of serum levels that exceed MIC or minimal
bactericidal capacity (MBC) (intensity in-
dex); and delay in conversion to CAPD when
IV, IP or PO routes of administration are not
effective or practical.
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The rates of CESI and the outcomes of
treatment are inconsistent in the literature.
Rates may vary from aslow as 0.1 — 0.5/pa-
tient-year to ashigh as 1.02/patient-year. This
discrepancy may reflect differences in the
definition of CESI, chronic and acute care
protocols, and treatment of infection once di-
agnosed. More than 10% of catheter losses
occur with CESI. The most common clinical
scenarios which result in catheter removal
are: the same organism causing CES| and
peritonitis, recurrent peritonitis (> 3 episodes
same organism), fungal peritonitis, peritonitis
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Adapted from [Keane et al
1996 Perit Dial Int 16: 11]

Figure 9. Treatment Ap-
proach to Relapsing Peritonitis.
*Same organism < 21 days
post treatment, recurrent infec-
tion: < 21 days with same or-
ganism. tObtain negative cul-
ture, normal CRP prior to stop-
ping therapy, add mycelex
trouches for duration of treat-
ment and 7 days thereafter.
FThird bout same organism. If
different, individualize therapy;
if same proceed to catheter re-
moval.

with multiple organisms, infection persisting
> 3 weeks despite adequate therapy, involve-
ment of theinternal cuff documented by ultra-
sound which has not improved (persistence of
peri-cuff fluid) despite antibiotics, and ab-
dominal abscess formation. Both race and
climate-specific characteristicsmay affectin-
fection rates; there is an increased incidence
in CESI in tropical climates. Twardowski et
al. established 7 different categories of CESI:
acute, chronic, external-cuff, equivocal, good,
perfect, and traumatized [107]. Table 8 char-
acterizes4 different CESI categories. Theout-
come of catheter-related infections depends
on the causative organism and degree of in-
flammation. A significant difference exists
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between true exit site infections and exit site
combined with tunnel/cuff involvement.
Acute infections usually are < 4 weeks in
duration, and cause painful erythema at the
exit site with avisible sinus tract and usually
purulent or bloody external drainage. The
acute infection necessitates the cauterization
of granulation tissue, and hypertonic saline
soaks may improve drainage if purulence is
present. When copious purulent drainage oc-
curs, dressings should be changed twice aday.
Systemic antibiotics should be empiricaly
started pending cultureresultsif thereisahigh
level of clinical suspicion. The antibiotics
may subsequently be adjusted according to
the culture and sensitivities. Local antibiotic
ointment or solution cannot achieve adequate

tissuelevelsand areusually not effective. Oral
cephal osporins or a quinolone (ciprofloxacin
500 — 700 mg/day) may be the initial antibi-
otics of choice. Exit site infections should be
treated for 7 days after there appears to be
catheter exit site improvement, with total
treatment lasting approximately 10 — 14 days.

Chronic exit siteinfections have inflamma-
tion > 4 weeks. These infections are usually
characterized by purulent or bloody external
drainage usually greater in amount than dur-
ing the acute infection phase (Figure 11). Pu-
rulence is typically apparent on the dressing.
Chronic infections usually lack induration
and erythema. Acute changes may occur with
trauma, abscess, externa cuff seeding, or a
second or new organism. Compulsive exit-
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Table 8. Management of Catheter Exit Site (CES) Infectious Complications1

Classification

Acute (< 4 weeks)

Chronic (> 4 weeks)

Tunnel/cuff infection

Trauma

Appearance  Usually painful Widening induration Pain over cuff or Painful, may have
erythema > 13 mm, > 13 mm, crust along tunnel without  bloody drainage,
visible sinus tract, positive, usually scab or crust, thick,  may be tender
purulent or bloody sinus tract, (+) “gluey/gooey” over cuff
external drainage, dressing drainage, discharge especially
possible crust may see proud flesh  with external cuff

Diagnosis Exam culture, gram Exam, culture?, Exam, culture, gram  History and exam
stain gram stain, cuff/tunnel stain, ultrasound,

ultrasound®, cuff/tunnel

Exit site Cauterize (silver Cauterize (silver 3% hypertonic saline Daily exit care,

management nitrate) granulation nitrate) granulation soaks 5-10 min TID, utilize dressing,
tissue, 3% tissue, 3% hypertonic dressing change bid; use non-irritant
hypertonic saline saline soaks 5-10 for copious drainage, cleansers qd
soaks 5-10 min TID min TID local care: may need absorbent
local care: non-ionic ~ non-ionic surfactant dressing, consider
surfactant cleansers®, cleansers®, unroofing or cuff
change dressings change dressings shaving if external
BID for significant BID for significant cuff involved
drainage drainage

Antibiotic® Start systemic Utilize synergistic Start systemic Quinolone or

antibiotics, before
culture results,
adjust when culture
sensitivities are
available. Treat for
7 days after CES
improvement

therapy. If standard
treatment not
successful in 2
weeks, change
antibiotics, consider
chronic suppressive
therapy

antibiotics, adjust
therapy based on
sensitivities and
exam

cephalosporin for
5to 7 days at the
time of exit site
injury.

(continued on next page)

site local care utilizing hypertonic saline
along with cauterization with silver nitrate of
granulation tissue is essential. Patients may
require synergistic therapy for eradication
once the organism is identified. If there is
suboptimal response or no changein 2 weeks,
antibiotic regimens should be reassessed.
Tunnel or cuff infection pain occursdirectly
over the cuff or along the tunnel without scab
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or crust formation at the catheter exit site. The
purulence is characterized as gluey or gooey,
being thicker than that usually seenwith acute
inflammation. In some settings, pressure on
the cuff will express purulent drainage not
apparent at theinitial inspection. Theoutcome
of cuff infections is poor despite unroofing
and cuff removal. Tunnel infectionsinvolving
the Dacron cuff are rarely completely cured,
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Table 8. continued

Classification  Acute (< 4 weeks) Chronic (> 4 weeks)  Tunnel/cuff infection  Trauma

Evaluate one
week post trauma
or sooner if exit
site appearance
changes

Clinic visits every 2 Evaluate weekly

weeks until improved. dependent on

If drainage persists drainage amount

with induration, and appearance.

consider catheter Consider cuff un-

removal® roofing, cuff shaving
if no improvement

Follow-up Clinic visit every

week until improved

IRisks for infectious exit site complications: postoperative hematoma at CES, diabetes mellitus especially
with poor glucose control, obesity, positive S. aureus nasal carrier, early S. aureus infection, early trauma
(< 4 weeks post placement) with pain over cuff, dialysate leak at CES, upward exit site, infection < 2 weeks
after placement without perioperative antibiotics, gross CES contamination (stagnant or contaminated
water). 2Cultures may be negative if on antibiotics. 3povidone iodine (betadine) inactivated by purulent
drainage. “Examine for pericatheter somnolucent fluid collection (hypoechoic area). ®Duration of therapy
depends on response: cephalosporin for gram positive, quinolone for gram-negative, vancomycin IV or IP
for MRSA. If treatment > 2 weeks add fungal prophylaxis: vaginal clotrimazole cream, mycelex trouches, or
fluconazole (low-dose). SIndications for catheter removal: resistant Pseudomonas infection, peritonitis same
organism as CES, CES infection with persistent leak, persistent erythema and tunnel infections with positive

internal cuff by ultrasound. Modified from Twardowski and Prowant, 1997.

although catheter life can be prolonged with
external cuff shaving and systemic antibiot-
ics. Especially in patients awaiting transplan-
tation, it is critical to aggressively treat and
document lack of cuff involvement and reso-
lution of tunnel edema. Ultrasound may be
helpful in evaluating theinternal or deep cuff,
and appears to be better than WBC scanning
in identifying tunnel infections. Hypoecho-
genicity indicating afluid collection, > 2 mm
in width along any portion of the catheter
track isproblematic. Several reportshavenow
demonstrated the usefulness of ultrasound
looking for a pericatheter sonolucent fluid
collection in the area of the cuff asa predictor
of catheter loss, with a higher incidence of
detection of tunnel infections (0.35 epi-
sodes/patient-year with ultrasound compared
with 0.12 episodes/patient-year by clinical
criteria). If thereisasignificant decline of the

hypoechoic areaaround the cuff, then chances
are greater for recovery. If there is a decline
of < 30%, the vast mgjority of catheters will
belost. Plum et a. noted that no patient with
anegative ultrasound examination underwent
surgery for infectious complications, while
69% of catheterswith tunnel inflammation on
sonographic examination had to be removed
[86]. When the ultrasound indicated a tunnel
infection, peritonitis rate was significantly
higher: 1.7 episodes/patient-year vs. 0.64 epi-
sodes/patient-year.

Both the type of cultured organism and the
extent of inflammation (i.e. involvement of
internal cuff segment) are prognostic factors
for the outcome of infection. Because of the
indolencein morbidity of S. aureussiteinfec-
tions, these patients should undergo sonog-
raphic evaluations to determine the level of
involvement and chance for eradication. S
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aureus and Pseudomonas infections are the
most serious infectious organisms causing
chronic inflammation and/or eventual cathe-
ter removal.

Traumatized exit sites are usually noted by
patients due to pain and bleeding, or achange
in exit site appearance. Since infections can
occur in 2 —4 days, patients should be started
onantibioticsand daily non-irritant cleansers.
Quinolones or cephal osporins may be started
at the time of injury and continued for 5 —7
daysto decrease therisk of cuff infection and
catheter loss. Patients with acute, chronic, or
tunnel infections, or trauma should be fol-
lowed closely until resolution.

Subcutaneous cuff removal in persistent
exit site or tunnel infections can significantly
reduce catheter loss related to infection. If
partially exposed or palpable within 3 cm of
the exit site, the cuff may by removed by blunt
dissection under local anesthesia at the bed-
side (Figure 12).

A number of local care antiseptic solutions
(hypertonic saline, povidone iodine, sodium
hypochlorite, chlorhexidine, dilute hydrogen
peroxide) have been used to resolve or pre-
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Figure 11. This chronic
catheter exit site infection is
characterized by persistently
purulent external drainage with
litte or no induration and
erythema.

vent CESI. With hypertonic saline therapy, 4
— 5 gauze pads soaked with warm 3% saline
are applied 3 times daily for 5 — 10 minutes
for 2 — 4 weeksfollowed by once daily there-
after. Several reports have examined the use
of chlorhexidine vs. povidone iodine and
noted a significant decrease in the frequency
of CESIswith theformer treatment. Povidone
iodine ointment or cleanser offers some pro-
tection against CESl's, but the benefit isappar-
ently limited to approximately 140 days fol-
lowing the start of PD and may be neutralized
if an acute infection with purulent discharge
develops[111]. Twenty-threeto 45% of cases
using povidone iodine turned positive for mi-
croorganisms within 24 months. S aureus, S
epidermidis and Pseudomonas are the most
common organisms seen. Alternating the
catheter exit site care in patients at risk espe-
cially after 3 — 4 months of povidone iodine
would be areasonable option. Sodium hypo-
chlorite and sodium chloride are effective
against a broad spectrum of organisms (in-
cluding S aureus and Pseudomonas) with
rapid killing in one minute and prevention of
reinfection. Partial electrolysis of sodium
chloride (Amuchina) to eliminate sodium hy-
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Figure 12. An infected, par-
tially exposed Dacron cuff can
result in recurrent or non-heal-
ing catheter exit site infections.
The cuff can be removed at the
bedside with blunt dissection
under local anesthesia.

droxide may increase efficacy and decrease
thetoxicity of standard sodium hydrochlorite.

Antibiotic selection is crucia in all these
types of infections. A Consensus Committee
of the International Society of Peritoneal Di-
alysison peritoneal catheter and exit site prac-
tices towards optimum peritoneal access
(1998 update) [34] noted that in patientswith
gram-positive organisms, oral penicillinase-
resistant penicillins, cephalexin, or TMP-
SMX should be utilized. Unless a patient had
a history of MRSA, vancomycin should be
avoided. In S. aureusinfections, rifampin 300
mgtwicedaily (BID) inadultsor 5—10mg/kg
BID in children should be administered. With
gram-negative infections, ciprofloxacin 500
mg BID should be used until the exit site is
normal. The outcome with ciprofloxacin for
the treatment of CESI was significantly better
than with other antibioticswith amean recov-
ery of nearly 50%; however its useis contra-
indicated in children. IV and I P treatment can
be consideredif theresolutionisslow with PO
treatment.

In patients with mycaobacterial, pseudo-
monal, or xanthomonal infections, differ-
ences may exist in the subsequent risk for

peritonitis and catheter removal. Xantho-
monas, although associated with other micro-
organisms in 66% of cases, is less likely to
lead to peritonitis and catheter replacement
than pseudomonal CESIs, which are usualy
severe and require 1V or P antibiotics [83].
Altogether, 83% of CESIs resolved with PO
ciprofloxacin, 17% required catheter re-
moval, and 22% developed Pseudomonas in-
fection several months after apparent resolu-
tion of CESI. These findings highlight both
theresiliency of Pseudomonas and theimpor-
tance of infection prevention.

Patientswith prior infectionsare seemingly
more prone to develop cuff infections in the
future. Prophylactic antibiotics for 3 — 6
weeks after catheter placement, timely diag-
nosis and elimination of S. aureus nasal car-
rier states, effective use of non-soap and water
catheter exit site careand avoidance of trauma
are essential to decreasing CESIs. Sterile
dressings for at least 6 weeks aso tend to
improve outcome. Mupirocin ointment ap-
plied at the exit site significantly lowered the
incidencesof S. aureus CES|s(86% decrease)
and peritonitis (reductions of 69% for S
aureus peritonitisand 38% for al peritonitis),
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as well as the catheter removal rate attribut-
ableto S aureusinfections[75]. The use of a
silver ring did not appear to be effective in
preventing exit site infections in a random-
ized, multicenter, clinical trial. Ultraviolet
(UV) radiation may be helpful in eliminating
bacteria as demonstrated in a small study (68
patients) in which 10/18 cases receiving UV
radiation became culture-negative.

Chronic tunnel infections in children and
adults may justify simultaneous removal and
replacement of the CAPD catheter [89]. The
catheter should be placed on the contralateral
sidewiththeinterna cuff inthemidlineusing
the same entrance to the peritoneal cavity.
Dialysiscan beresumedimmediately after the
operation with low volumes. Only 4/23 pedi-
atric patients in one clinical experience re-
lapsed within 3 months, with the main causa-
tiveagent being S. aureus. Automated PD can
be started within one day of catheter place-
ment and continued for 7 days with low vol-
umesin patientswho have previously been on
CAPD. Utilizing this technique, patients in
38/40 procedures could successfully continue
PD. Some surgeons may elect to create anew
entrance on the contralateral side. Simultane-
ous removal and replacement should occur
only if thereisno evidence of activeinfection.
Patients should receive 3 — 6 weeks of antibi-
otic prophylaxis. Further work in this areais
needed to define the best approach.

S. aureus Nasal Carriage

Therelationship between nasal carriageand
risk of CES| and subsequent peritonitisisstill
controversial. The Danish Study Group of
Peritonitisin Dialysis[117] and other studies
reported that S. aureus infections occurred
significantly more frequently among carriers
in both HD and PD. In general, nasal carriage
S aureusisassociated with risk of postopera
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tivewound infection and of exit siteinfection
in patients on chronic PD and intermittent
HD. The Danish group found 59.5% of HD
patients and 51.2% of CAPD were S. aureus
carriers. Permanent carriage was usually pri-
mary nasal (44% HD, 34.9% CAPD), with
rare skin carriage alone. Nasal carriage ap-
pearsto be associated with amuch higher rate
of CESI. The incidence of infection was
higher in diabetics (26.3% vs. 10.3% in non-
diabetics), even though diabetics were not
significantly more frequent carriers (60.5 vs.
55%). The higher infection rate despite simi-
lar carrier rates may suggest that diabeticsare
at higher risk for S aureus, and need aggres-
sive treatment. Luzar et a. noted that 45% of
their patients and 77% of diabetic patients
were nasal S aureus carriers before catheter
insertion [64]. CESI occurred in 0.4 episodes/
patient-year in carriers and 0.1 episodes/pa
tient-year in non-carriers. S. aureus carriage
has also been found more often in patients
with previous S. aureus peritonitis. Interest-
ingly enough, one-half of spouseswere carri-
ers, with the same phagetypeand carrier state.
Thus, the carrier state seemsunrelated to age,
gender, and presence of DM. Twenty-eight of
167 patientshad MRSA nasal carriagein one
study. Thepatient drop-out ratefrominfection
for MRSA was comparable to pseudomonal
and fungal infections, but significantly higher
than methicillin-sensitive S. aureus.

CESI does not aways result from nasal
carriage, and most exit site infections oc-
curred among patients without previous
S aureus colonization. And yet based upon a
number of studies, eradicating S. aureus nasal
carriage even in patients with one positive
culture may decrease the risks for CESI and
subsequent peritonitis. The quest for prophy-
laxis rather than treating individual episodes
isspurred by the suboptimal current treatment
of S aureus with significant risk for relapse
and catheter loss. Several studies have evalu-
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Staph aureus peritonitis or catheter exit site
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Figure 13. Prophylaxis for S. aureus: Initiate therapy (1, 2, 3, 4) for: culture positive (nasal carriage), high
risk patients* (> 65 years of age, diabetes, serum albumin < 3.0 mg/dL, second S. aureus infection) or if S.
aureus rate > 40% of all CES infections; low risk, no therapy.

tExcept in patients with polyurethane catheters. 3TMP-SMX: trimethoprim-sulfamethoxazole.

ated varied prophylactictechniquesto prevent
the development of S. aureus CESls in both
children and adults (Figure 13). Certain strate-
gies may increase the risk for complications
(i.e. rifampin results in the development of
resistance when given alone), and patients
will likely need periodic retreatment or cy-
cling with antibiotics to eradicate the carrier
state. The greatest impact of prophylaxiswith
TMP-SMX was evident during the first 3
months of therapy. Local application of anti-
biotics at those areas most noted for coloniza-
tion, i.e. nariesand PD access port, resultedin
only temporary bacterial elimination. Mupi-
rocin, predominantly bacteriostatic in action,
is bacteriocidal at the higher concentrations
achieved following topical application, and
waseffectiveinterminatingthenormal carrier
state in 65 — 100% of cases. Nasal mupirocin
(calcium mupirocin 2%) administered twice
daily for 5 consecutive days every 4 weeks
was demonstrated in alarge multicenter study
to reduce the rate of exit siteinfection. Mupi-
rocin calcium ointment 2% and cyclic oral
rifampin 600 mg for 5 days every 3 months

are equally effective in reducing S. aureus
catheter infection, however many patients
discontinue rifampin dueto side effects. Even
though resistance may occur with mupirocin,
the selection of mupirocin-resistant clonesis
sow and stepwise. While application of
mupirocin in MRSA may lead to increased
resistance, particularly because of the pres-
ence of the MEC gene associated with multi-
pleantibiotic resistance, applying themupiro-
cin ointment 3 times aweek rather than daily
may offer lessrisk for resistance.

Antibiotic Toxicity

Varied individual plasma clearances and
risksof drug toxicity argue for obtaining drug
levels for patients receiving vancomycin
and/or aminoglycosides. Vestibular toxicity
dueto aminoglycosidesin PD patientsmay be
of more concern because of the relatively
steady state serum levels believed to be more
toxic than the high peak serum levels fol-
lowed by very low trough levels seen with
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intermittent dosing. Although some studies
note no association between ototoxicity and
serum aminoglycoside levels, others have
shown that both high peak and high trough
levels are correlated to ototoxicity. Approxi-
mately 12.5% of ototoxicity results from the
use of aminoglycosides. In 46 dialysis pa
tients, Antonelli et al. found that ol der patients
had significantly longer auditory nerve and
brain stem conduction times, indicating asub-
clinical disorder of the auditory nerve func-
tion which might increaserisk for ototoxicity
[5]. The current recommendation isto screen
for high frequency auditory abnormalitiesand
vestibular ocular reflex dysfunction in high-
risk patients prior to aminoglycoside use,
since the toxic effect of aminoglycosides is
additive.

Thetoxic effect of vancomycin on thecoch-
lea of CAPD patients is rare if serum levels
are monitored closely. Tinnitus and high-tone
hearing loss are recognized complications of
vancomycin therapy and are frequent antece-
dents to deafness. Damage to the auditory
nerve, initially affecting high-frequency hair
cells, then middle- and low-frequency hair
cells, is irreversible, although toxic changes
may be delayed for weeks or months after
exposure. Damage is determined more by the
cumulativelevel rather than by thedaily dose.
Vancomycin administered in combination
with an aminoglycoside may be synergisticin
producing ototoxicity.

Quinolones, increasingly used for the treat-
ment of infection, have several clinicaly sig-
nificant drug interactions. Quinolones may
inhibit the metabolism of certain drugs, and
when given concomitantly with divalent or
trivalent cations, the action and concentration
arereduced. Quinolonesincrease serum theo-
phylline and caffeine concentrations, and
combinationwithwarfarinraisesthe INR (the
international anticoagulant marker). Magne-
sium sulfate/aluminum antacids, iron, enteral
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feedings, calcium (Ca) products and zinc de-
crease the absorption of quinolone, and
should not be taken at the same time.

Cardiovascular Disease

Overview

The most common cause of deathin ESRD
is cardiovascular disease, accounting for
nearly 50% of deathsin US patients. Cardio-
vascular complications that can occur in PD
include myocardia structural abnormalities,
valvular abnormalities, increased risk for ar-
rhythmias, lipoprotein aterations, vascular
disease, autonomic impairment, hypotension,
hypertension, pericardial disease and modal-
ity-specificrisk factorsfor vascular ischemia.
To date no study has convincingly demon-
strated that patientson CAPD are at greater or
less risk of cardiovascular, peripheral-vascu-
lar or cardiovascular events when compared
to individuals on HD. Bloembergen et al.’s
analysis of datafrom the United States Renal
Data System (USRDS) demonstrated that
ESRD patients treated with PD had a 19%
higher adjusted mortality risk than those
treated with HD, with a third of the excess
mortality stemming from myocardia in-
farction (MI) and cerebrovascular accidents
(CVA) [10]. More recent analysis of these
data by Vonesh et al. refuted this finding and
demonstrated that the only cohort at poten-
tially greater risk on PD was diabetic females
over the age of 55 years [109]. Other studies
have shown no difference or a higher risk in
HD compared to PD. Port et a. examined
possible factors that may have an impact on
the observed outcome differences between
PD and HD [87].
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Myocardial Structural
Complications

Both progression and regression of |eft ven-
tricular hypertrophy (LVH) have been de-
scribed in patients on PD. Differencesin hy-
dration, methodology, and hypertensive con-
trol could all be contributing factors. Progres-
sion of LVH has been correlated to increased
blood pressure (BP) and cardiac index. Hy-
percirculation secondary to hypervolemia
theoretically will negatively affect blood
pressure control in PD especially in diabetic
patients. Abnormal |eft ventricular filling, im-
paired aortic elasticity, increased peak sys
tolic pressure, increased stroke work index,
and higher cardiovascular systolic volume
may all contribute to LVH in PD patients.
Non-survivors are more likely to have lower
left ventricular gjection fractions and higher
cardiovascular systolic volumes (pump dys-
function) comparedto survivors. Onecan aso
seeimpaired diastolicleft ventricular function
even without LVH, perhaps due to increased
cytosolic Ca” and ultrastructural changes
characterized by cardiac fibrosiswith intersti-
tial proliferation and expansion. While LVH
candevelopin patientson PD, clinically there
asignificantly lower left ventricular end dia-
stolic pressure, left ventricular end systolic
volumes, stroke index and cardiac index, and
a higher mean velocity of circumferential fi-
ber shortening in PD compared to HD. These
physiologic events may explain why LVH is
present in approximately 52% of patients on
CAPD, but 93% on HD [3].

The actual PD prescription may adversely
affect cardiac functionin certain patients. The
higher the dialysate dwell volume in patients
with LVH, the greater the ateration in left
ventricular internal dimensions due to in-
creased intra-abdominal pressure. Systolic
function decreases in such individuals with
infusion of 2.5 -3 L volumes. This effect of

intra-abdominal pressure on cardiac perform-
ance is especialy important in PD patients
with severe hypertrophic cardiomyopathy.
These individuals may experience a decrease
in cardiac preload if IP volumes > 25 L are
ingtilled. Hypotension may result during the
dwell phase when intra-abdominal pressureis
highest, possibly reducing venous flow to the
heart. In animal models a step-wise increase
inintra-abdominal pressureresultsinagraded
decreasein cardiac output. Findingsin several
dog experiments have demonstrated that in-
tra-abdominal pressure > 20 mm Hg de-
creases cardiac output and causesaredistribu-
tion of regional blood flow. In most settings
where UF rate is slow, there should be no
significant effect on cardiac preload.

The two risk factors independently associ-
ated with the devel opment of LVH aresystolic
hypertension and older age. When evaluating
theimpact of pressure on LV mass, Harnett et
a. noted the mean systolic BP in the group
who developed LVH was 150 £ 13 mm Hg,
comparedto 137+ 16 mmHgin controls[39].
BPissignificantly lower on PD thanonHD over
time. Hajjar et d. [38] inacrossover study of 68
patients who changed dialysis moddities dem-
onstrated a16 mmHg-increasein BPin patients
moving from PD to HD and a 14 mm Hg
decreasein patients moving from HD to PD.

Anemia aso plays arole in increased LV
dilatation and LV mass. Although left atrial
chamber volume, and LV mass and chamber
volume decrease with good BP control, struc-
tural abnormalities occur if hypertension is
untreated when receiving erythropoeitin
(EPO). While gender may affect certain me-
diators of LVH in dialysis patients, little is
known about the impact of PD vs. HD on
these factors. Previous reports demonstrated
that both baseline LV massand cavity volume
were strong predictors of late mortality in
patients with uremia. Both LV dilatation with
normal systolic and high cavity volume (>
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120 mL/m?) and low mass-to-volumeratio (>
1.8 mL/m?) were independently associated
with late mortality in uremia. Daily diaysis
with PD may optimize structural modeling as
compared to intermittent therapy with HD.
LVH may be afrequent finding in children on
dialyss. PD may offer alower risk of develop-
ment of LVH, especialy in younger children.

Interestingly, protein-calorie malnutrition
(loss of approximately 40% of initial body
weight) has been proven to adversely affect
the heart. In animal experiments loss of sub-
cutaneous fat stores, reduction of myocardial
glycogen content, myocardial atrophy and in-
terstitial edema (increased myocardia water
content, along with the formation of intra
cardiac edema) from malnutrition may com-
promise cardiac function and survival. These
findings can occur in patients with
cardiomyopathy on PD who suffer from con-
tinued cardiac cachexiadespiteaggressive PD
regimens. Dialysis alone may not reverse the
sequel ae of end-stage heart failure.

Valvular Abnormalities

Sclerosisor calcification of themitral valve
or annulus is associated with decreased sur-
vival in PD patients. Thismay berelated to a
high cal cium-phosphorus (Ca x P) product or
the use of standard Ca rather than low Ca
dialysate over long periods of time. Histori-
cally, mitral calcification was favored by
longstanding pre-dialysis arterial hyperten-
sion, and by ahigh Cax P product during PD.
Decreased survival with mitral calcification
resultsfrom decreased systolicleft ventricular
function or severe vavular incompetence.
There is now a well-documented correlation
between serum Ca, ahigh Cax P product, and
therisk of calcified aortic stenosis. Therefore,
inadequate Ca control in PD might add to the
already existent cardiac risk seenin ESRD.
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Arrhythmias

Arrhythmias are frequent among the dialy-
sis population [103]. Twenty-four percent of
patients demonstrate > 10 ventricular ectopic
beats/hour, with 11% noticing episodic atrial
fibrillation, and 8% ventricular tachycardia.
Heart block occursin < 2%. Overall, 51% of
patients demonstrate arrhythmias on Holter
monitoring. On autonomic testing, 61% had
abnormal heart rate responses, while 63% had
abnormal BP responses. These changes sup-
port a causa relationship between arrhyth-
mias and autonomic neuropathy, which is ex-
acerbated by dialysis. Canziani et al. noted a
significantly decreased incidence of mild and
severe arrhythmias in PD compared to HD
patients[14]. Factors which may be linked to
ventricular arrhythmias on PD are age, LV
mass index, and an abnormal LV wall score.

Ventricular tachycardia, ventricular fibrilla-
tion, torsades de pointes and long QT syn-
drome have been reported in patients taking
Cisapride alone or in combination with a
number of other medications (e.g. erythromy-
cin, clarithromycin, fluconazole, and keto-
conazole) that inhibit cytochrome PA503A4.
Cisapride should not be used in PD patients
with a prolonged QT interval at baseline,
those with a history of torsades de pointes or
those with long QT syndrome. It should aso
be avoided in patients with sinus node dys-
function and in those with second or third
degree atrioventricular block.

Atherosclerosis and
Hyperlipidemia

Because cardiovascular disease continues
to be the main risk for death in patients on
dialysis, many reports have been published in
the past decade on modality-specific lipopro-
tein differences (total levels, clearance rate,
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receptor modification, particle size, trans
port). CAPD increases total cholesterol,
triglyceride, total cholesterol to HDL ratio,
and apolipoprotein-B to apolipoprotein-A
(apoA/apoB) ratio [100, 114]. The overal
clearance of LDL is markedly lessin CAPD
vs. HD, with a fractional catabolic rate for
LDL of 0.268 + 0.072 pools/day in PD vs.
0.376 £ 0.045in HD [45]. Thismay be dueto
alterationsin LDL structureor theLDL recep-
tor itself. Decreased binding may beattributed
to an increase in advanced glycosylation end
products or a chemical modification due to
uremiaitself. The apoB/apoA ratio is signifi-
cantly higher in diabetic vs. non-diabetic
ESRD patients. Furthermore, the dialysismo-
dality may alter distribution of the LDL par-
ticle size, possibly as important a risk factor
for atherogenesisasabsolute LDL levels. Ina
study of 65 ESRD patients, 48% of the CAPD
patients had small LDL particle size vs. 23%
for HD patients [82]. Lipoprotein clearances
correlate with molecular mass, plasma con-
centration and dwell times, with apreferential
clearance of HDL in PD amounting to ap-
proximately one-third of the daily synthetic
rate. The mean daily clearance of apoA1, a
major HDL protein, is twice that of apoB,
which is the predominant protein associated
with LDL.

Lipoprotein A (Lp(a)) may be a genetic
marker for increased coronary artery disease
(CAD) risk in both dialysis and nondialysis
patient cohorts, and may vary by country and
ethnic or racial group. Lp(a) valuesareclearly
affected by the mode of the renal replacement
therapy, being highest in CAPD. Thevascular
significance of Lp(a) may depend not only on
the actual level but also on the presence of
procoagul ant factors[58]. Patientswith CAD
had higher fibrinogen concentrations (628 +
59 mg/dL) and higher Lp(a) concentrations
(43.5 mg/dL). Petersen et al. examined anti-
cardiolipin antibodies and Lp(a) levelsin 22

PD and 64 HD patients [85]. The mean Lp(a)
level on PD was 56.7 mg/dL and 38.8mg/dl
on HD (NS). All patientswho suffered an M1
or CVA had Lp(a) levels> 30 mg/dL.

Patients with increased peritoneal mem-
brane transport characteristics demonstrate a
more atherogenic lipid profile. Heimburger et
al. demonstrated that the increased Lp(a) in
CAPD was related to the peritoneal glucose
absorption, and peritoneal membrane type
[40]. The importance of carbamylation and
glycosylation on lipoprotein atherogenicity in
CAPD is undetermined. The presence and
concentration of advanced glycosylation end
(AGE) products may increase the risk for
atherosclerosis in PD. AGE-modified LDL
levels may represent a particularly athero-
genic form of LDL. AGE-LDL as well as
AGE peptides are likely to contribute to the
development of atherosclerosisin diabetic pa-
tients. There is a strong correlation between
serum total cholesterol and the AGE-LDL
(AGE apoB and AGE-lipid). The develop-
ment of new dialysate solutions may amelio-
rate lipoprotein abnormalities in ESRD pa-
tients, since a positive correlation appears to
exist between glucose absorption from the
dialysate and Lp(a) values. Also hypoalbu-
minemia, especialy in the high-transport
group, appears to be an important trigger for
the elevation of Lp(a) in CAPD. Seemingly,
this may be a modifiable risk factor. Lp(a) is
significantly decreased by regular infusions
of albumin. Yet, a6-month prospective cross-
over study evaluating the effect of one post-
prandial 1.1% amino acid dialysate demon-
strated no effect on dydlipidemia in CAPD
patients[73].

Red blood cell (RBC) transport may also
play a role in the lipoprotein abnormalities
observed in PD. The decreased transfer of
cholesterol between RBCs and the antiathero-
genic HDL fraction may hinder transport
from peripheral tissuesand result inincreased
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atherosclerosis risk. In ESRD patients on di-
alysis, low levels of plasma HDL-3 choles-
terol levels, HDL -3 phospholipid content and
net transport of RBC cholesterol-2-isolated
HDL were significantly lower compared to
controls.

A number of reports have examined
whether the dialysis technique itself changes
lipid profilesin long-term CAPD patients. In
agroup of 16 stable nondiabetic PD patients
with initial total cholesterol < 230 mg/dL,
total cholesteral triglyceride HDL, LDL, and
apoB/apoA 1 did not show significant changes
by serial measurements from 6 — 13 months
following initiation of PD [53]. There wasno
relationship to Lp(a) levels and time on
CAPD.

Aortic pulse wave velocity (AoPWV) and
aortic calcification were also examined in
CAPD patientsto try to estimaterisk of accel-
erated atherosclerosis. While lipid values did
not denote patients with progressive vascular
disease, AoPWV increasedin 46% of patients.
The degree of abdominal aortic calcification
wasdivided into two separate categories, with
the greatest calcification seen in patients on
CAPD > 5 years. It is unclear whether these
findings are modality-specific or related to
uremia since HD patients were not prospec-
tively examined.

A meta-analysis comparing the efficacy of
various antilipidemic therapy for PD, HD and
transplant patients demonstrated the effec-
tiveness of 3-hydroxyl-f-methyl glutaryl Co-
factor A (HMG-CoA) reductase inhibitorsin
lowering abnormal lipid patterns. A humber
of medications are effective in treating
dyslipidemias in CAPD as described by
Massy and Lye [65, 67]. Both statins and
fibric acid derivatives have proven effective,
although individual differences mandate
monitoring of lipid levels. Target treatment
lipoprotein levels may need to be further de-
creased to control vascular atherosclerosisin
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dialysis patients. Both Nevalainen and La-
htelareported that | Pinsulin, while achieving
better glycemic control in PD and improved
insulin sensitivities as compared to subcuta-
neous (SC) administration, results in in-
creased serum triglycerides and total choles-
terol and decreased HDL cholesterol — possi-
bly due to a direct effect of IP insulin on the
liver [60, 77].

While the levels of Lp(a), total cholesteral,
and LDL may increasein CAPD, thelipopro-
tein patternsfrom CAPD patients may exhibit
aresistance to in vitro oxidation, a possible
step in the development of atherosclerosis.
Podrez et a. noted that Lp(a), but not LDL,, is
oxidized in plasma of CAPD patients [266].
It is unclear whether Lp(a) is more prone to
oxidation than LDL. Another possibility is
that Lp(a) is preferentially oxidized in rena
failure patients dueto its lower plasma clear-
ance as compared to LDL. Since Lp(a) binds
better to epithelial cells and platelets than
LDL, it is possible that such binding can fa-
cilitate Lp(a) oxidation in vivo.

A retrospective review of 53 pediatric PD
patients likewise showed a high incidence of
hypoal buminemia, hypertriglyceridemia, hy-
perchol esterolemia, and associated low levels
of HDL unchanged whileon PD [95]. Aswith
adult PD patients, their risk for future
atherosclerosismay rest with not just thelipo-
protein levels, but rates of oxidation and ef-
fects of newer nonglucose dialytic solutions.

Abnormal Vascular
Pro-ischemic Factors

Therisk for thrombosis, from both vascular
calcification and loss of autoregulation lead-
ing to atered flow, could increase ischemic
events. Key components of the fibrinolytic
system are tissue plasminogen activator



5 Schreiber - Complications of Peritoneal Dialysis

(TPA) and the fast-acting inhibitor of TPA
plasminogen activator inhibitor (PAl). In ure-
mic patients, lipoprotein abnormalities and
derangement of the fibrinolytic system with
increased PAI levels may contribute to the
development of atherosclerosis obliterans
(ASO) or cardiovascular disease (CVD). TPA
and PAI are synthesized and secreted by vas-
cular endothelial cells. Thus, in damaged ves-
selstherewould be aslow, continuousrel ease
of TPA and PAI. Plasma fibrinogen, PAI ac-
tivity, and factor C are significantly elevated
in CAPD patients, while TPA isincreased in
both HD and PD. These data raise concerns
regarding therisk for increased thrombosison
PD vs. HD [18]. Thisrisk might be modified
by the use of less hyperosmotic dialysate,
optimization of albumin levels, control of hy-
pertension, and treatment of lipoprotein val-
ues with HMG-CoA reductase inhibitors. A
comparison of CAPD patients with and with-
out ASO with controls [56] showed signifi-
cantly depressed serum abumin and HDL
concentrations on CAPD, with a markedly
elevated ratio of total cholesterol to HDL.
CAPD patients with atherosclerosis had
higher fibrinogen, total PA and PAI levelsvs.
normal and CAPD patients without
atherosclerosis. TPA level was an inde-
pendent predictor in a stepwise fashion for
ASO. Serum abumin was inversely corre-
lated to fibrinogen; however, no relationship
to TPA and PAI was detected. There was no
significant difference in certain lipids, lipo-
protein and apolipoprotein valuesinmaledia-
betic patients on CAPD. Female PD patients
levels of triglyceride apolipoprotein, apoB,
low density lipoprotein (LDL), and choles-
terol/HDL ratio were al significantly higher
than those in normal females. Plasma levels
of fibrinogen and von Willebrand factor
(VWF), but not PAI, were higher both in the
male and female compared to controls. The
hypoalbuminemia in many dialysis patients

may account for an increase in fibrinogen
synthesis.

Ecosaenoid precursor (arachnidonic acid
and ecosapentanoic acid) levels have been
evaluated in CAPD patients with and without
DM. Arachnidonic acid levels were signifi-
cantly higher, while eicosapentaenocic acid
(EPA) levels were significantly depressed in
CAPD patients [43]. The lowest EPA values
are found in Type | (insulin-dependent) DM
CAPD patients. The combination of increased
arachnidonic acid, lack of N-3fatty acids, and
reduced prostaglandin-12 biosynthesislead to
a higher formation rate of thromboxane A2,
which may promote atherogenesis via vaso-
constriction and platelet aggregation. There-
fore, in addition to the typical dyslipidemias
found in CAPD patients, high levels of Lp(a)
and fibrinogen may contribute to the elevated
risk of CAD and other cardiac complications.

Hyperhomocysteinemia is a well-estab-
lished, independent risk factor for
atherosclerosis, and thromboembolic and vas-
cular disease, especialy in ESRD. Hyperho-
mocysteinemia (> 16 pumol/L ) isobserved in
PD, while homocysteinemia is more intense
(29.8 pmol vs. 19.9 pmol) and prevaent
(90.8% vs. 67.4%) in HD as compared to PD
patients [81]. Diabetic PD patients should be
screened and aggressively treated with high
folic acid doses when elevated levels of ho-
mocysteine are detected.

Vascular Disease Patterns

Vascular diseasein CAPD patientsisama-
jor cause of death. Arterial calcifications,
composed primarily of Casaltsfound chiefly
intheinternal elastic laminaof theintimaand
in the media of the arterial walls, generally
tend to progress in patients with ESRD.
Whether arterial calcifications occur during
dialysis due to the procedure, or just to the
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greater prolongation of lifein the presence of
chronic renal failure is unclear, athough on
average, vascular calcification starts approxi-
mately 9 years after onset of ESRD. Periph-
eral vascular calcifications, once established,
may progress on both HD and PD. Lipid
deposition, intimal hyperplasia, and thrombo-
sis cause vascular damage, with endothelial
damage mediated via smooth muscle cell mi-
gration and proliferation, secretion and syn-
thesis of extracellular matrix (e.g. collagen,
glycosa-aminoglycan, glycoprotein, and
elastin), and platel et disruption with thrombo-
sis. Deep vessel wall injury associated with
reduced fibrinolytic activity and increased
PAI activity may lead to intravascular throm-
bosis and impaired thrombus resolution. Two
primary patterns of vascular calcification oc-
cur: axial (aorticandiliacin femoral vessels),
and peripheral (digital arteries) (Figure 14).
Most patients have evidence of both types
while on dialysis. Furthermore, the presence
of these vascular calcifications decreasesves
sel compliance and may reduce autoregula
tion distal to astenosisin the coronary bed. In
prior studies age, systolic BP, hyperparathy-
roidism, plasma phosphorus (P), and vitamin
D were principal determinants of severity in
therateof progression of vascular calcifications.
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Figure 14. Peripheral (digital
artery) vascular calcifications
can occur in patients on PD, as
demonstrated in this 42-year-
old female on PD for six years.

Rheologic factors (blood flow, vessel ra-
dius, pressure gradient, and blood viscosity)
may contribute to atherogenesis, thrombosis
and ischemia both centrally and peripherally.
Atherosclerotic patients have statistically sig-
nificant increases in blood plasma viscosity
compared to normal controls. Therefore, in a
calcified vessel with both an inability to
autoregulate and high plasma viscosity,
thrombosis may occur in the presence of in-
creased procoagulant concentrations. In the
setting of endovascular injury from blood
pressure and hyperlipidemia, thrombosis may
lead to obstruction, lack of distal autoregula
tion, and tissue infarction.

A large proportion of patientsreported with
progressive vascular calcifications have DM,
and all of the diabeticsin the study by Meema
et a. developed calcifications[70]. The same
study demonstrated no differences in serum
Ca and P, Ca x P product, parathyroid hor-
mone (PTH), and alkaline phosphataselevels.
Other studies have shown a correlation be-
tween serum Caor the Ca x P product and the
risk of calcified aortic stenosis. Increased ar-
terial stiffness and cardiac overload were
linked to severe coronary arterial calcifica
tions and an increase in arterial pulse wave
velocity.
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Vascular calcifications may contribute to
decreases in distal blood supply and, com-
bined with periphera sensory and autonomic
neuropathy, may affect oxygen and nutrient
delivery to tissues causing ischemia, ulcera
tion, infection, and need for amputation. More
than 69,000 major lower extremity amputa-
tions for ischemia were performed in the US
in 1989 [25]. The higher the amputation rate,
the higher the mortality rate. Theincidence of
lower extremity amputations among patients
on HD wasestimated to be 2.9% for unilateral
amputations and 1% for bilateral amputa
tions. Few data exist for PD cohorts. ESRD
has a serious adverse impact on hospital mor-
tality and long-term survival ratesafter ampu-
tation. The most common causes of death
following amputation are cardiac events.
ESRD patientsweremorelikely tohave CAD
than non-ESRD patients (78 vs. 42%). The
prophylactic value of hygiene of ischemic
lower extremities is illustrated by a 3-fold
decrease in amputation rates in patients with
diabetes who participated in afoot education
program.

Strokeisthethird leading cause of deathin
the general population, with an even greater
risk inthe ESRD population. Therisk of death
for stroke may actually be greater for patients
on PD vs. HD despite a lower prevalence of
preexisting cerebrovascul ar diseaseand better
control of BP, according to USRDS data[68].
The risk for death from stroke on PD com-
pared to HD was nearly 2-fold greater for
elderly, diabetic, African-American, and fe-
male patients. It is not clear whether this dif-
ference might reflect established cerebrovas-
cular disease at dialysisinitiation or an actual
dialysis modality effect. Moreover, stroke
mortality itself is related to factors such as
inadequate dialysis, uncontrolled hyperten-
sion, and hypervolemia. Therefore a major
issue is whether the modality itself or its pre-
scribed use affects the death rate from stroke

in ESRD patients. Considering the risk for
progressive atherosclerosis in ESRD, identi-
fication of high-risk patients and aggressive
treatment are indicated.

Avoiding coronary artery events is ex-
tremely critical especially in diabetic patients
on PD. The FINMONICA myocardial in-
farction registry study [72] demonstrated that
in 3442 patients, 45% of all diabetic men and
38.8% of all diabetic women with their first
M1 died within one year. These figures con-
trasted with 32.5% for nondiabetic males, and
22.1% for nondiabetic females. A substantial
portion (28% of the males and 10% of the
females) of these deaths occurred outside the
hospital. Aggressive treatment with an-
tilipidemic drugs, identification of patients
with procoagulant risk, and intervention for
critical lesions amenable to angioplasty and
stenting, and/or cardiac revascularization
should be implemented.

A magjor differencein death rate from myo-
cardial ischemiaand infarction existsbetween
the United Kingdom and ltaly in both the
overall renal replacement therapy and the HD
group [61, 92]. In males on PD, the disparity
between countries is more subtle. For both
primary rena diseases and diabetic neph-
ropathy, the EDTA registry data for PD and
HD demonstrated relatively lower cardiovas
cular mortality in the PD compared to HD
patients; however, the relative cardiovascular
mortality remains constant by modality over
the last decade. | dentifiable predictors of pro-
gression include: DM (accelerated, signifi-
cant stenosis); interval between Mls; angina
severity; chest pain with exercise; test end-
point; location of lesion in proxima right
coronary artery (RCA), mid RCA, or mid left
anterior descending artery (LAD); and
stenosismorphology (singlevs. tubular). Dia-
betic lesions tend to be more tubular than
single, with disease localized to the RCA and
LAD. Because of diabetic PD or HD patients
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increased risk for CAD, they should undergo
regularly scheduled screening.

Hypotension

The prevalence of hypotension in CAPD
patients varies in different populations from
10 — 15%, with hypovolemia causing 25% of
these cases [1]. A study from the Toronto
Hospital noted approximately 12% of the
CAPD population developed hypotension.
Twenty-five percent of the patients had hypo-
volemia as the etiology, 23% heart failure,
18% antihypertensive medications, and 34%
unknown etiology. The mortality rate was
higher among hypotensive patients than
among nonhypotensive patients on PD.
Physiologic night-time declines of BP (“dip-
ping”) were more significant and pronounced
in PD than in HD. Those that appear most
susceptible to hypotension are patients with
demonstrated autonomic neuropathy, LVH,
diastolic dysfunction, inappropriate activa
tion of cardiac reflexesand abnormal vascular
response.

Cardiovascular autonomic impairment can
affect the peripheral circulation aswell asthe
heart in dialysis patients and this may have
implications for cardiovascular homeostasis.
A comparison of periphera blood flow re-
sponses and sympathetic vasoconstrictive re-
flexesin CAPD patientswith matched control
subjects has been previously reported [47].
Cardiac autonomic function assessed by
standard tests of heart rate variability (deep
breathing, Valsalva maneuvers and standing
from a lying position) was significantly im-
pairedin patientson PD compared to controls.

The QTc interval may be used in the evalu-
ation of autonomic neuropathy asamarker of
venoustonereactivity. The main defectslead-
ing to hypotension are decrease in venous
tone or increase in venous pooling of blood,
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decrease in overall venous return, and thus
cardiac output. Proamitine (mitodrine hydro-
chloride) may help some casesof hypotension
by acting selectively on venous and arterial
a-adrenergic receptors without stimulating
cardiac [3-adrenergic receptors, thereby in-
creasing venous tone and decreasing venous
capacitance.

Cardiomyopathy secondary to right ven-
tricular failure, ischemia, transplantation and
its sequelae, viral infections, and infiltrative
amyloidosis can also result in hypotension.
Increasing numbers of cardiomyopathy pa-
tients with renal dysfunction and diuretic re-
sistance are now starting PD for daily volume
removal andthelower levelsof hemodynamic
stresson PD vs. HD. Anticoagulation may be
needed to avoid thrombotic cerebrovascular
complications, given the low flow, depressed
cardiac output, persistent hypotension, and
potential for arrhythmias in these patients.
Cardiomyopathy secondary to amyloidosisis
a contraindication to the use of digoxin, and
calcium channel and beta-blockers.

Patients on PD may have arisk for uremic
pericarditis due to inadequate dialysis (poor
prescription design). Infective pericarditis
documented by technetium® scan following
peritonitis has been reported.

Muscul oskel etal
Complications

Hypocalcemia, Hypercalcemia,
and Hyperphosphatemia

Significant interest has been generated by
the effects of varied dialysate Ca concentra-
tionson serum Caand PTH levels, renal bone
disease management, and regulation of phos-
phorous (P) levels with medication on PD.
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Hyper- and hypocalcemia are complications
commonly observed in patients on PD. Ca
mass transfer in PD depends on dialysate Ca
concentration, ionized serum Ca, and the UF
rate [115]. Fifty percent of patients with per-
sistent hypercalcemia and hyperphos-
phatemia who were changed to low Ca dia-
lysate achieved significant decreases in both
Ca x P product and percent hyperphos
phatemia. Ca balance is positive if dialysate
Cais= 2 mEg/L. One and one-half percent
dialysate results in an approximately 9.8 mg
Ca uptake, whereas 4.25% led to aloss of 21
mg. Standard peritoneal dialysate has arela-
tively high Ca concentration of 3.5 mEg/L,
which may result in hypercalcemia [113]. A
number of studies have stressed the effect of
different dialysate Ca concentrations on Ca
fluxes in PD. Bro et al. showed that plasma
PTH levels could be adequately controlled
during a one-year follow up using 1.35 and
1.25 (but not 1.75) mM/L Ca diaysate con-
centrations without either hypercalcemia or
the use of aluminum-containing phosphate
binders [11]. In a 6-month multicenter study
of 103 patients, total Ca was significantly
lower (9.6 vs. 10.8 mEQ/L), immunoreactive
calcium (i-Ca) was depressed (4.76 vs. 5.15
mg/dL), and there were fewer episodes of
hypercalcemia in patients using low Ca dia-
lysate. Chagnac et al. found a71% increasein
Ca values when the dialysate Ca was further
reduced from 1.25 to 1.0 mEg/L [19]. The
decrease in dialysate Ca did not prevent the
observed increased serum Ca, suggesting that
lowering the serum PTH value reduces the
ability of the bone to handle a Caload within
a few weeks. For severe hypercalcemia (se-
rum Ca > 13 mg/dL), hospital pharmacies
may need to prepare 0 mg/dL-Cadiaysate.
Kurz et al. [59] assessed the effect of differ-
ing dialysis modalities on Ca turnover in 57

HD and 38 CAPD utilizing tracer kinetic stud-
ies with *Ca orally and *’Ca intravenously.

Elevated PTH levelswerefound in 91% of all
patients, whether on PD or HD. Serum con-
centrations of 25-hydroxycholecalciferol and
akaline phosphatase were markedly lower in
CAPD thanHD, and CAPD patientswereless
responsive to the action of immunoreactive
PTH. A randomized, multicenter, controlled
trial with 103 stable CAPD patientscompared
low-Ca (1.0 mM/L) vs. higher-Ca (1.75
mM/L) dialysate. All patients received oral
Ca carbonate and calcitriol, and those with
increased Caweretreated with aluminum hy-
droxide. Patients treated with low-Ca dia-
lysate showed a 3-fold decrease in the inci-
dence of hypercalcemia, with PTH levels> 2
times normal in 40% of cases.

Technetium™™ etidronate bone scan altera-
tions progressed with time on dialysis espe-
cialy in younger patients and those with
higher intact PTH levels. Aggressive early
treatment with optimal control of PTH is es-
sential to avoiding bone disease with chronic
renal failure (CRF), and for patientsjust start-
ing PD. Maintianing a lower Ca will permit
the administration of more Ca carbonate to
control phosphate. Thismay belessof aprob-
lem with development of Renagel (sevelamer
hydrochloride) which is a polymeric oral
phosphate binder.

Hypocalcemia can occur in PD and is re-
lated to decreased ord intake, low vitamin D
levels, diadysate Ca mismatch or after pa-
rathyroidectomy postoperatively. Decreased
oral intake of Camay lead to profound hypo-
calcemiaand or tetany on PD.

Using standard CAPD volumes, approxi-
mately 10 mM of phosphate are removed per
day with 2-L, or 15 mM/day if using 3-L
volumes. Only high volume CAPD can cause
anegative phosphate balance over aone-week
period. Hyperphosphatemia can occur in PD
and is primarily related to dietary intake of P,
and noncomplianceintaking Pbinders. While
hypophosphatemia can occur on PD, it isun-
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common. The main causes are refeeding in
malnourished PD patients, overzeal ous phos-
phorous binder administration, inadequatein-
take, and secretory diarrhea.

L ow-turnover Bone Disease
(Adynamic Bone Disease)

Advanced renal failure may lead to either a
high bone turnover (osteitis fibrosa) or low
bone turnover. Three different groups of low-
turnover bone disease occur in ESRD patients
on dialysis: osteomalacia, aluminum-related,
and adynamic lesions. In PD, osteomalaciais
uncommon due to supplementa vitamin D.
Low-turnover aluminum bone disease is also
on the decline dueto the use of nonaluminum-
containing phosphate binders. Adynamic
bone disease is characterized by low bone
turnover, normal or low osteoid volume, and
decreased bone formation rate, resulting in
increasing numbers of microfractures and in-
creasing the risk for clinically-apparent frac-
tures. Thediagnosisof adynamicbonedisease
is supported by norma or low PTH, unre-
markablealuminum levels, higher ionized Ca,
lower alkaline phosphatase, and ahigher inci-
dence of calcifications. The vascular calcifi-
cations seen with adynamic bone disease in
PD patients may be secondary to hypercal-
cemia from lower skeletal Ca retention and
lower plasma Ca efflux due to older age.
Significant hypercalcemia and metabolic
encephal opathy can occur especially in dia
betic patients on PD and may not respond to
a reduction of Ca in the dialysate. In this
setting a bone biopsy should be performed to
rule out a high turnover condition [31]. Un-
fortunately, the use of PTH levels did not
predict the degree of bone turnover in half of
the CAPD patients with values between 65 —
450 pg/mL. Low-turnover bone disease with-
out aluminum toxicity is associated with sec-
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ondary hyperparathyroidism, DM, hyper-
phosphatemia, hypocal cemia, altered vitamin
D synthesis, impairment in PTH secretion and
metabolism, and possible down-regulation of
therenal PTH/PTHrP messenger RNA recep-
tor. Moreover osteoblast type | collagen mes-
senger RNA (mMRNA) expression islower in
cells from adynamic bone vs. bone from hy-
perparathyroid states.

Adynamic bone lesions accounted for 50%
of bone lesions seen in 268 dialysis patients
described by Sherrard, and is more common
inPD vs. HD (61% vs. 36%) [99]. Hutchinson
et al. reported histologic abnormalities more
commonly in older patients with a longer
duration of dialysis (10 vs. 7.1 years), a-
though 28% of patients had the lesion at the
start of dialysis [46]. In an additional study,
31% of CAPD patients demonstrated ady-
namic or aplastic disease at the outset of treat-
ment or within 12 months of starting PD. The
management of adynamic bone disease
should be directed to stimulating PTH to val-
ues 2 times normal .

Moderate hyperparathyroidism with intact
PTH from 150—903 pg/mL can beeffectively
treated using 0.5 mgto 1.5 mg calcitriol twice
weekly. Ca levels should be monitored and
hypercal cemiatreated by atransient reduction
in dialysate or oral Ca intake. Vitamin D
should be stopped for Calevels> 11.5 mg/dL
or 2.9 mM/L. Pulsetherapy iscontraindicated
withtheserum P> 6 mg/dL or 1.9 mM/L, with
aplasma PTH < 120 pg/mL. In pediatric pa-
tients the use of high-dose pulse IV, IP or PO
calcitriol therapiessignificantly decreasesthe
serum PTH levels and retards the formation
of osteitis fibrosis. Calcitriol decreases the
synthesis and secretion of PTH by a direct
effect on PTH gene transcription, as well as
suppressing PTH by increased intestinal Ca
absorption. Oral and IV bolus pulse calcitriol
therapy are equally effective in suppressing
PTH. Hyperphosphatemia can be aggravated
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by suppression of PTH in some cases. A new
drug, **norsalpha-25 dihydroxy vitamin D,
can suppressimmunoreactive PTH levels, but
does not have as great an effect on serum Ca
and P levels. This differencein effect may be
linked to a smaller affinity for the vitamin D
receptors with less mobilization of Ca from
the bone than calcitriol, and less affinity for
vitamin D binding protein. Treatment of hy-
perparathyroidism must be carefully bal-
anced, as it may lead to the development of
adynamic bone lesions with oversuppression
of PTH and increased Ca intake or hypercal-
cemiain certain cases.

The vast majority of patients on chronic
dialysis demonstrate histologic evidence of
osteodystrophy. The long-term implications
of this are unknown.

Dialysis-related Amyloidosis

The dialysis-related amyloidosis charac-
terized by [3-2 microglobulin amyloid deposi-
tion appears not to be a consequence of dialy-
sistreatment alone, but rather acomplication
of CRFinitially recognizedin patientsreceiv-
ing long-term HD. This consequence can also
occur in PD but the small number of patients
on PD for > 10 yearslimitstherisk [17]. The
histologic prevalence of musculoskeletal 3-2
microglobulin amyloid deposition increases
with duration of dialysis from around 20% at
2 years for HD, to 100% after 13 years, a-
though 3-2 microglobulin amyloidosis can be
seen in patients who have not started therapy.

[3-2 microglobulin’s high affinity for colla-
gen explains the predominance of joint and
bone disease. 3-2 microglobulin amyloidosis
deposits are preferentially deposited in bone,
articular cartilage, synovium, and ligaments.
Only the number of bone lesions is signifi-
cantly correlated with patient age and nega-
tively correlated with residual rena function.

Patients characteristically present with atriad
of symptoms with shoulder pain (scapulo-
humeral periarthritis), carpal tunnel syn-
drome, and flexor tendon deposits in the
hands. Thediagnosiscan be madefrom X-ray,
ultrasonography and/or scintigraphy with ra-
diolabelled -2 microglobulin scanning using
radiolabelled serum amyloid P. Hand lesions
arefound in 85% of patientswith dialysis-re-
lated amyloidosis. Synovial thickening may
be shown on sonography and positive scinti-
graphic imaging delineates the presence of
diaysis-related amyloid. A rotator cuff thick-
ness > 8 mm and echogenic pads between
muscle groups of the rotator cuff are strongly
suggestive of (3-2 microglobulin. The pres-
ence of at least one of these two findings in
ultrasonography of the shoulder provides a
relatively sensitive and highly specific nonin-
vasive adjunct to the clinical diagnosis of -2
microglobulin amyloidosis in the patient un-
dergoing long-term dialysis. However, iden-
tification of 3-2 amyloid by Congo red stain-
ing of biopsy specimens, or centrifuge
synovia fluid sediments remains the gold
standard for diagnosis.

The pathogenesis of (-2 microglobulin
amyloidosisisincompletely understood. Sev-
eral important contributing factors include
levels of (-2 microglobulin, limited pro-
teolytic cleavage of 3-2 microglobulin, modi-
fication of -2 microglobulin and other pro-
teinswith AGE, and elevated circulating lev-
els of proinflammatory cytokines. Only renal
transplantation may slow or halt the progres-
sion of (-2 microglobulin amyloidosis. PD
and HD do not appear to arrest its develop-
ment. Preservation of residual renal function
early on in PD may be helpful in avoiding
accumulationsof (3-2 microglobulin, and may
have along-term impact in avoiding this con-
dition once patient has been transferred to
HD. It is unclear whether the incidence,
prevalence and rate of progression of 3-2 mi-
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croglobulinemia differ according to dialysis
modality. It is essential that amyloidosis be
prevented by removing the 3-2 microglobulin
by dialysis, to counterbalance the -2 micro-
globulin amyloid generation. In comparing
HD, hemofiltration or CAPD, metabolic stud-
ieswith radiolabelled 3-2 microglobulinindi-
cated a slight increase in [3-2 microglobulin
synthetic rate in uremic patients irrespective
of dialysistechnique (4.49 + 2.60 vs. 2.68 +
1.3 mg/kg/day) [78]. More recent pharma-
cologic agents, e.g. antiamyloid fibril (an-
thracyclin-4-iodo-4-deoxydoxoribirin)  may
help in amyloid load reduction.

Erosive Azotemic Arthropathy

Another uncommon bone lesion that may
occur on PD is erosive azotemic
osteoarthropathy (EAO). EAO typically oc-
cursin the distal interphalangeal joints of the
hands, and has a higher prevalencein HD vs.
PD (19% vs. 6%). Affected patientstend to be
older with a history of carpal tunnel syn-
drome. EAQisnot related to severesecondary
hyperparathyroidism.

Dialysis patients are at risk for alow bone
mineral density (BMD) osteopenia as a con-
sequence of hyperparathyroidism, acidosis,
secondary amenorrhea, chronic hepatitis, and
aluminum exposure. Dua energy X-ray
measurements of BMD showed significantly
higher values in PD vs. HD (0.985 vs. 0.94
g/cmz). BMD may increase with time on di-
alysis. While still abnormal, CAPD patients
have better bone mineral metabolismthan HD
patients. Little has been written regarding
BMD osteopeniain the PD population, how-
ever there does not appear to beanincreasein
osteopeniain patients on PD.

Diabetic PD patients are at greater risk for
aluminum deposition compared to nondia-
betic patients. Even small amounts of alumi-
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num-containing phosphate binders can in-
crease the risk for aluminum deposition on
bone surface compared to nondiabetics.
Therefore it is essential to avoid all aumi-
num-containing binders in diabetic patients
with hyperphosphatemia.

Carpal Tunnel Syndrome

Carpal tunnel syndrome occurs in 14% of
patients on PD. Nomoto et al. examined re-
cords from 5050 patients undergoing PD in
Japan between 1980 and 1993 [79]. Only 7
developed carpal tunnel syndrome. All 7 were
females. Two to 31% of patients on HD are
afflicted with carpal tunnel syndrome. Benz
found 18% in a 5 — 97-month follow up of
CAPD patients [8]. Apparently CAPD mini-
mizes the emergence of carpal tunnel syn-
drome with its characteristic pain, numbness,
and tingling in the hands. Amyloid could bea
causative factor in CAPD carpal tunnel syn-
drome. However, [3-2 microglobulin levels
were markedly lower in CAPD vs. HD pa-
tients, and yet, they were greater than those
seenin normal patients. This may be directly
related to preservation of residual renal func-
tion on PD and more optimal middlemolecule
clearance.

Myopathy/Calcifications

PD patients may devel op muscleweakness,
decreased endurance and easy fatigue. While
the etiology is complex, both vitamin D and
carnitine deficiencies have been implicated.
Vitamin D deficiency is one of the causes of
uremic myopathy in PD. Although vitamin D
administration causes symptomatic relief,
electromyography (EMG) abnormalities
(polyphasic motor nerve unit potentials of
brief duration and decreased amplitude and
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fibrillation potentials) may not significantly
change. The effectiveness of proponyl, used
to improve strength, is open to debate.

Carotene deficiency hasalso been linked to
myopathy in PD patients. While carotene de-
ficiency canresult in defective oxidative ATP
synthesis, there is little evidence to suggest
that skeletal muscle metabolismisaffected by
PD. Patients with anemia and those patients
engaging in anaerobic exercisedo not respond
clinically to propionyl-L carotene supple-
mentation [105]. Moreover, oxidative meta-
bolism did not normalize with carotene ad-
ministration, suggesting anemia and carotene
deficiency are not the only causes of mito-
chondrial dysfunction leading to myopathy in
PD.

Extraskeletal calcifications (Figure 15)
have been associated with anincreasein Ca-P
product, excess PTH, and extracellular fluid
in PD patients. Two main types of extracellu-
lar calcifications can occur: visceral and peri-
articular. There is an association between
large soft tissue Ca deposits and aluminum
intoxication. Metastatic calcifications, some-
times multiple, can be detected by bone scin-
tigraphy technetium®™™ methyldiphosphonate
(MDP). Severd reports have demonstrated a
beneficia effect of diphosphonate (disodium
ethan-1-hydroxy, 1-diphosphorates) on re-
duction of tumoral calcinosisin PD and HD.

Back Pain

A number of patients on PD may develop
lower back pain. Usually these individuals
have alterations in body posture resulting
from accentuation of lumbar lordosis due to
intraperitoneal dialysate. This alters normal
spinal mechanics, and leads to pain. Those
factors which may contribute to adverse ef-
fects on lumbar lordosis are prior multiple
abdominal surgeries, previous disc disease,

Figure 15. Periarticular extraskeletal calcifica-
tions can occur in patients on PD associated with
an increase in calcium P product and excess PTH.
Patients may demonstrate significant symptomatol-
ogy from these calcifications.

spondylosis, spondylolithesis, and long-
standing metabolic bone disease. Regular
lower back strengthening exercises, attention
to appropriate posture, the McKenzie reha
bilitation program, and change to cycler ther-
apy withthemajority of treatments performed
in the supine position may be effective in
reducing pain.

Other Issues:
Fluoride, Tendon, Oxalate

A single report has demonstrated an in-
crease in fluoride levels in CAPD despite
appreciable clearance across the peritoneum
(31 %197 vs 25+ 1.37 um/L). Increased
serum fluoride is associated with alower risk
of osteodystrophy in ESRD.
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Patients on PD can develop tendon inflam-
mation, rupture or capsular tear. Thelonger a
patient is on dialysis and the more severe the
metabolic abnormalities, the greater the risk.
Theseclinical eventscan occur independently
of 32 microglobulin deposition.

Patients on PD may develop hyperox-
alatemia resulting from oxalate retention.
Levelsof oxalatein PD patientsare 3—5times
greater than normal. PD clears approximately
300 uM/day, approximately equal to the nor-
mally synthesized amount. Even when a
steady stateisachieved, serum levelsare usu-
ally elevated. Usually those patients who de-
velop hyperoxalatemia as a complication on
PD are consuming excessive amounts of vita-
min C; 100 mg of ascorbic acid increases
oxalate by 20%. Concomitant administration
of “high dose”vitamin Be will decrease but
not normalize serum oxalate levels.

Pulmonary Complications

Patients on PD may develop a number of
pulmonary complications. These include hy-
drothorax, pulmonary function abnormalities,
pulmonary edema, bronchopulmonary infec-
tions, metastatic calcifications, and sleep dys-
function.

Hydrothorax

Theprevaence of hydrothorax rangesfrom
1.6%[21] t0 2.9%[80] to ashigh as10%[98].
In many cases, patients are either placed on
HD temporarily or undergo permanent trans-
fer. Eighty-eight percent of acute hydrothorax
in CAPD occurs on the right side from one
day to 8 years after theinitiation of PD. Sev-
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enty-four percent of patients present with
dyspnea, while 26% are asymptomatic. Most
patients are female, multiparous, and have
been on PD for variable periods of time. Pa-
tients with polycystic kidney disease are at
increased risk for hydrothorax. Peritonitis
may also increase therisk, possibly related to
a disruption in the continuity of the perito-
neal-pleural structure. Approximately 6% of
hydrothorax patients suffer peritonitis just
prior to the devel opment of hydrothorax. Sev-
eral reports have indicated hydrothorax oc-
cursafter coughing. Hydrothorax can be diag-
nosed by the finding of a pleural effusion on
chest X-ray. Further work-up consists of peri-
toneal-pleural scintigraphy, or contrast peri-
tonography with non-ionic contrast (25 m/L).
Thoracentesis yields fluid with a transudate
protein concentration < 30 g/L, low lactate
dehydrogenase (LDH), pleural glucose >
plasma glucose, and the presence of both D
and L lactate isomers. (Plasmanormally con-
tains only the L isomer.) Methylene blue in-
stallation, used in the past, is unreliable.

Thestandard approach to treatment, succes-
ful in 38% of cases, is temporary transfer to
HD. Pleuradesisisrequired in 16%, and 46%
must be permanently transferred to HD. Sur-
gical exploration of patientswith hydrothorax
demonstrates localized areas of pleura sepa-
rated from the diaphragm forming blebs. With
the increased intra-abdominal pressure or
changes in intrapleural pressure with cough-
ing, dialysate could rupture the blebs, allow-
ing fluid to enter the pleural cavity. Video-
thoracoscopy allows identification of the dia-
phragmatic defect. If amenable to repair, talc
is placed under direct visualization, allowing
even distribution over the inferior surface of
the lung. Pleurodesis can aso be accom-
plished by | Pautologousblood instillation (40
mL) followed by the Fowler position for 2
days. Fibrin adhesive has also been used to
repair diaphragmatic defects.
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Therefore, the therapeutic options for pa-
tients suffering hydrothorax include: perma-
nent transfer to HD; temporary transfer to HD
with retrial of PD; conversion of patient to
diurnal PD with an empty supine nighttime
exchange; pleuradesis with talc, tetracycline,
or fibrin glue; and surgical closure or repair
using Teflon patches.

There has been one reported case of tension
hydrothorax as a complication of continuous
cycling PD. This occurred in the setting of
massive hydrothorax producing hemody-
namic compromise.

Respiratory Function
Abnormalities

The various pulmonary function abnor-
malities reported in PD most likely would
only affect patients with underlying
parenchymal lung disease, e.g. COPD, IP
pressure > 20 cm of water and a decrease in
vital capacity (VC) > 25% [35]. Infusion of
dialysate in PD patients without lung disease
decreased expiratory reserve volume (ERV)
21% (1.00 t0 0.79 L) and functional residual
capacity (FRC) 12% (2.60t0 2.28L). Inspira
tory capacity (1C) increased 13% (2.08t02.34
L) when the abdomen was full, due to in-
creased digphragmatic contractility because
of the elevation and lengthening of the fibers
of thediaphragm[90, 91]. In another study, as
PD volume increased from 0 to 3 L, FRC
decreased 2.41 to 1.493 with mean total dia-
phragm length index increasing from 0.22 to
0.28 and diaphragm radius curvature remain-
ing unchanged. Respiratory muscle strength
increased as a function of diaysate volume,
reaching its maximum after the infusion of
3L.

CAPD patients may experience a mild but
clinicaly insignificant decrease in carbon
monoxide transfer compared to pre-dialysis

or HD groups despite adequate correction of
uremia and anemia. Small airway collapse
with subsequent ventilation-perfusion mis-
match and arterial hypoxemia may occur if
the FRC decline from intra-abdominal dia-
lysate falls below the closing volume of the
lung. Two-liter dialysate volumes causeasig-
nificant reduction of alveolar partial pressure
of oxygen (pAO) and the aveolar-arterial
oxygen gradient (A-a0y), but no effect on
airway resistance. Subsequent diaphragmatic
adaption, with aright shift in the force-length
relationship, limits the “true” reduction in
lung volume, pAO, and alterationsin respira:
tory muscle strength during chronic dialysis.

Hospitalized infants on ventilators may be
more susceptible to the pulmonary conse-
guences of intra-abdominal fluid than adults
or adolescents. Mid-dwell peak IP pressure
correlates with a significant decrease in pul-
monary compliance and anincreasein airway
resistance in infants on PD. In children on
CAPD, the routine filling of the abdomen is
followed by an 11% decrease in residual vol-
ume, which is not significant. Even though
lung volumes are frequently reduced in
CAPD, they do not change noticeably during
dialysis itself. Overall reductions in inspira-
metric values are minor, as assessed through
plethysmographic lung volumes, airway con-
ductance and single breath carbon monoxide
transfer factor.

Bronchopulmonary Infections

Patients on PD are at increased risk for
bronchopulmonary infections due to depres-
sion of the humoral and cellular immune sys-
tems, reduced macrophage activity of in-
creasedinterstitial lung fluidif over-hydrated,
atered A-a0;, gradient, and reduced ventila-
tion in the lung base. This makes aggressive
diagnosis and treatment of bacterial pulmo-
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nary infections crucial to avoid significant
morbidity.

M etastatic Pulmonary
Calcifications

M etastatic pulmonary calcificationscan oc-
cur in patients on PD. Usually these are as-
ymptomatic and undetectable by conven-
tional radiology methods until severe disease
exists. Pulmonary calcificationsoccur inupto
80% of patients having undergone dialytic
therapy. They may rarely evolveto pulmonary
fibrosis, cor pulmonale, and severe respira-
tory insufficiency. Calcifications may be dia-
strophic, metastatic, or idiopathic associated
with Ca, P, and metabolic disorders with pre-
cipitation of Ca salts within the parenchyma
of the lung.

Pulmonary Edema

Pulmonary edemamay occur in CAPD sec-
ondary to anumber of interacting factors. The
most common isprescription mismatchwhere
thedialysisregimen doesnot optimally match
the transport characteristics of the peritoneal
membrane. Usually this occurs soon after in-
itiation of dialysisand prior to performing the
formalized PETs. Pulmonary edema occurs
morefrequently inthecontext of left ventricu-
lar failure, cardiomyopathy and acute ven-
tricular infarction, especially if severeanemia
and hypoproteinemia are present.

Sleep-related Respiratory
Disorders

Sleep-related respiratory disorders in PD
patients are frequent, with 73% reporting in-
somnia, and 52% reported unintentional nap-
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ping during the day [110]. Clinicaly signifi-
cant sleep apnea was present in 13.6% of
patients. The effect of PD on deep-related
respiratory function might result from dia-
lysate bulk load in the abdomen causing a-
terations in the metabolic control of respira-
tions during sleep. In patients with typical
sleep apnea, pAO2 was significantly lower
during the night for PD vs. non-PD patients.
In apneic patients, higher dialysate drain vol-
umesin the morning were correlated to lower
minimum arterial oxygen saturations during
the night. Individuals with documented or
suspected sleep apnea should have a formal
evaluation, including arterial oxygen satura-
tion during sleepwhileon PD. Prospective PD
candidates with a history of sleep apnea
symptoms should undergo formal testing
prior to starting PD.

Metabolic Complications

Acid-base Abnormalities

Approximately 50% of patients with renal
failure on PD experience a number of acid-
base abnormalities. Many of thesearedirectly
related to the type of dialysate used during
PD. Acid-base balance (ABB) in CAPD pa-
tients can be summarized by the equation:

ABB = dialytic base gain — metabolic acid
production—urinary losses—interstitial ABB.

Dialytic base gain depends on peritoneal
buffer fluxes, which is the only source of
buffer for CAPD patients. Thenet bicarbonate
gain per exchangeisafunction of bicarbonate
content in the dialysis solution, dwell time,
UF rate, and arterial plasmabicarbonate [30].
While metabolic acidosisis more common in
HD, PD patients may develop bicarbonate
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levels <24 mM/L (cut-off valuesvary 22.0 £
4 mM/L). Metabolic acid production as a
function of protein catabolic rate and dia-
lysate base gain is the most important factor
for the body’s base balance. When plasma
bicarbonate concentration decreases dueto an
increase in metabolic acid production, bicar-
bonate loss through standard lactate CAPD
solution decreases, leading to a greater posi-
tive dialytic base gain. When an increase in
daily net UFisrequired for clinical reasons, a
decrease of dialytic base gain occurs leading
to adeclinein plasma bicarbonate concentra-
tion and worsening metabolic acidosis.

Chronic metabolic acidosis decreases albu-
min synthesis, induces negative nitrogen bal-
ance, and leads to increased protein catabo-
lism and branch-chain amino acid metabo-
lism. Sodium bicarbonate supplementation in
PD patients increased the serum bicarbonate
from 19.3 to 26.2 mM/L, thus decreasing
leucine oxidation and protein turnover, and
correcting acidosis [36]. PD patients using
standard dialysis fluid lactate concentrations
of 35 mM/L can develop mild acidosis, which
activates the ATP-dependent ubiquitin pro-
teolytic pathway. Thisnegativebuffer balance
can be corrected by increasing thelactate con-
centration to 40 mM/L. Serum bicarbonate or
total CO2 < 19 mEQ/L is deleterious to bone
and muscle metabolism and is a marker of
increased mortality. The frequency of meta-
bolic acidosisis higher in patients with lower
transport characteristics. Lactate gain, dura-
tion of PD, CRP and normalized protein ni-
trogen appearance (NPNA) were independent
factors determining the arterial bicarbonate
level.

Discrepanciesin the reported preval ence of
metabolic acidosis in PD patients is most
likely dueto differencesin the concentrations
of dialysate lactate (40, 37 or 35 mM/L) and
prescribed dwell times. Dialysate/plasma
(D/P) creatinine is positively correlated with

gain of lactate and dialytic base, and arterial
bicarbonate concentration. Since the molecu-
lar weight of lactateis 89 daltons compared to
113 daltons for creatinine, high transporters
have less metabolic acidosis. The effluent bi-
carbonate concentration can be predicted
from the patient’s plasmabi carbonate concen-
tration and the net UF rate for dwell times= 4
hours or more prolonged dwell time. Bicar-
bonate dialysate improves acid-base homeo-
stasisin CAPD, and future bicarbonate solu-
tionsmay dramatically affect levelsof protein
turnover.

Peritoneal dialysis effluent pH is decreased
in CAPD peritonitis even in the absence of a
positive culture, provided the cell count is
elevated. In gram-negative peritonitis, the
peritoneal effluent is more inflamed and ab-
normalities persist longer resulting in a
marked increasein pCOo.

Lethal lactic acidosis from the oral hypo-
glycemic agent, Metformin, in a diabetic fe-
male PD patient has been reported. Moreover,
D-lactate-containing dialysate may raise se-
rum D-lactateto abnormal levelsin PD. Using
dianeal with a D-lactate concentration of 26
mM (range 19 — 27 mM), led to serum D-lac-
tate levels in CAPD patients 4-fold higher
than controls [4]. Usually lactate does not
increase significantly unless there is severe
hepatic failure leading to inadequate conver-
sion of |actate to bicarbonate. With metabolic
or respiratory akalosis, patients on PD are
unable to compensate due to the presence of
lactatein the dialysate. If this occurs, patients
may need HD or treatment with hydrochlo-
ride.

Electrolyte/Mineral Disorders

Metabolic alkolosis can lead to hypocal-
cemic tetany in PD by decreasing the amount
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of Cain theionized form. Therisk is highest
in PD cases after parathyroidectomy. Pulmo-
nary parenchymal disease, e.g. COPD, aso
poses a risk by predisposing CAPD patients
to developing respiratory alkalosis from hy-
poxiawith “fixed” bicarbonate levelsthat do
not allow for an unlimited degree of hyper-
ventilation. Treatment with O, or ammonia
chloride may help avoid alkalemia. Lastly,
low-Ca dialysate may result in alkalosis and
hypomagnesemiain certain cases.

Hypokalemia

Approximately 36% of CAPD patients de-
velop hypokalemia requiring supplemental
potassium (K¥). Approximately three-quar-
ters of the IP-administered K™ is absorbed.
Supplementation of 20 mEQ/L is generally
well tolerated [101]. The effect of IPK™ con-
centration on serum level sdependsonthe D/P
concentration gradient; with greater degrees
of K* depletion, theincremental increasefrom
IPK issmaler.

In a study of hypokalemia in CAPD pa
tients, individual swho subsequently required
K" supplementation had significantly lower
initial serum levels (3.6 £ 0.65) vs. 4.0+ 0.6
mEg/L), complained more of weakness, and
were more likely to be African-American
[55]. While different dialysis and demo-
graphic factors were analyzed, race was the
most significant variable for hypokalemia
warranting oral K supplementation [54].
Usually oral supplementation alone is suffi-
cient to correct the deficit. Infurther analyses,
the presence of hypokalemiain PD could not
be explained by membrane transport differ-
ences, proteinintake, concomitant medication
or small molecule clearance.
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Hyponatremia

Recurrent hyponatremia in anuric infants
undergoing PD hasbeen reported. Hyponatre-
mia has been observed especialy in infants
and young children due to low sodium (Na")
intake (such as infant formula), renal Na
losses, inadequate UF, or obligate Na' losses
that occur at UF rates necessary to maintain
fluid balance in combination with a low-so-
dium diet. Theratio of Na' in the ultrafiltrate
to the serum (sieving coefficient) is usualy
< 1. Theinitial decreasein dialysate Na' dur-
ing UF indicates Na" sieving across the peri-
toneal barrier. Dialysate Na™ decreases with
4.25% glucose dialysate, while plasma so-
diumincreasesslightly. With very short dwell
times utilizing hypertonic glucose, Na' re-
moval is lower relative to fluid removal, po-
tentially resultingin hypernatremia. Dialysate
sodium may actually decrease during longer
dwell periods, suggesting that sodium crosses
the peritoneal membrane to a lesser degree
than water and more water than sodium is
removed in over-hydrated patients.

Adult patients with labile blood glucose,
and those on tricyclic antidepressants or clo-
nidine may experience stimulated thirst and
increased water intake leading to hyponatre-
mia. Thirst from stimulation of the renin-
angiotensin system can also lead to hypona-
tremia. Notably, the renin-angiotensin system
isfunctioning at a higher level in PD patients
than HD patients. Overly rapid correction of
acute hyponatremia should be avoided, as it
can lead to central pontine myelinosis.

Hypermagnesemia

Hypermagnesemia (1.04 — 1.29 mEg/L) is
frequently observed in CAPD patients, and a
highly significant inverse relationship exists
between immunoreactive PTH and magne-
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sium concentrations. The reduction or re-
moval of magnesium from dialysate solution
results in normalization of elevated serum
magnesium concentration. Decreasing PD so-
[ution magnesium concentration from1—1.2
mEg/L to 0.5 mEg/L resulted in clinical hy-
pomagnesemiain 64% of patients, warranting
magnesium supplementation. Therefore the
concentration of magnesium in the dialysate
may be an important determinant for the risk
of hypomagnesemia on PD.

Sulfate Clearance

Inorganic sulfate clearanceis similar to the
clearance of creatinine and phosphate, but
significantly lessthan urea. Sulfate deficitsin
PD have been reported due to losses in stool,
and losses of sulfatein other forms (e.g. taur-
ine, phenol, and sulfate).

Malnutrition

A number of factors are be involved in the
development of malnutrition in patients on
PD. Anorexia may result from several differ-
ent factors, including Gl tract dysfunction
(secondary to DM or medications), and ab-
normalitiesin basic metabolic pathways/brain
metabolism, either directly or indirectly re-
lated to dialysis procedures [48]. However,
calories derived from the glucose dialysate
load in PD do not suppress appetite as pre-
viously believed. Anthropometric and bio-
chemical evidence of protein malnutrition
have been observed in 18 (51%) of CAPD
patients. Fifty-five percent of PD patientsin
the CANUSA study were malnourished [69].

Plasma amino acid levels are lower in PD
vs. HD patients, although the intracellular
amino acid pattern is less abnormal. It isun-

clear what effect dialysis dose has on amino
acid abnormalities. Protein loss in PD is a
contributing factor to lower plasma amino
acid concentrations. Total amino acid losses
over aone-week period average61.8+ 14mM
for HD and 38 + 13 mM for CAPD. Levelsof
total amino acids, essential amino acids, non-
essential amino acids, and branched-chain
amino acids were lower in PD than HD.

Because protein-calorie malnutrition is a
strong predictor of morbidity and mortality,
early intervention utilizing protein supple-
ments or enteral feeding should be under-
taken. Amino acid solutions and recombinant
human growth hormone (rhGH) have the po-
tential to improve nutritional status of CAPD
patients. Insulin may be required to treat hy-
perglycemia in patients receiving increased
glucose loads from a combination of PD and
TPN. Malnourished patients on PD receiving
parenteral nutrition are at increased risk to
develop hypophosphatemia. Phosphate re-
placement should be supplied cautiously in
patients with hypomagnesemia and hypocal-
cemia due to the risk of bilateral vocal cord
paralysis. Severely malnourished patients on
CAPD undergoing tubefeedingsmay develop
“re-feeding syndrome”. This syndromeisas-
sociated with clinically significant shiftsin P,
magnesium, and K* from extracellular to in-
tracellular spaces.

Chronically malnourished patients whose
cardiac muscle is nutritionally depleted can-
not deal with the increase in circulatory de-
mands caused by the initiation of aggressive
nutritional support. These individuals may
develop acute respiratory distress unless vol-
umeisclosely controlled. In an earlier report,
low-dose intramuscular (IM) nandroline de-
canoate for = 3 months (100 to 200 mg
IM/month) exerted a definite anabolic effect
in 9 malnourished PD patients. M egestrol ace-
tate hasalso been used in PD, bothinlow- and
high-dosages (40 — 800 mg). Its major com-
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plications occur with increasing doses. adre-
nal insufficiency, glucocorticoid deficiency,
and thrombosis.

Growth Abnor malities

While children on long-term dialysis expe-
rience growth abnormalities, these may occur
lessfrequently on PD than HD, whether or not
rhGH is given. Proposed reasons are im-
proved ureacontrol, less acidosis, and caloric
support from dialysate glucose. However,
protein losses from PD may impair normal
growth, especially in infants, and may con-
tribute to permanent loss of growth potential.
Recombinant human growth factor-1
(rHuGF-1) and rhGH both have demonstrated
beneficial effects on nutritional status in
short-term studies. These may be of use in
children who demonstrate a decreased ability
to grow on PD.

Uncontrolled Diabetes/ AGE

L ocal generation of AGE occursin the peri-
toneal membrane. A “washing out” of AGE
from the peritoneal membrane takes place
after a 12-hour dwell period, when the dia
lysate concentration of AGE is greater than
the plasma concentration. Positive staining
for AGE has been documented in theintersti-
tium of the mesothelial layer in the peritoneal
membrane. In other studies, there was an ob-
served 200% increase within a 4-hour dwell
cycle dueto in situ glycation. Peritoneal pro-
tein contained a2 —4 timesgreater concentra-
tion of AGE pentosidine at al equilibration
time points. Dialysis glycolated albumin is
linearly related to the glucose concentration
of both dialysate and in vitro phosphate-buff-
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ered saline. AGE formation, but not glyca
tion, decreased as a function of dwell time,
possibly attributable to peritoneal membrane
clearance. Transplantation is the best thera-
peutic modality to normalize both pentosidine
abumin linked or pentosamine-free mem-
brane changes.

Worsening blood glucose control can result
from the glucose load on PD. Tolbutamide,
glipizide, glyburide, and rezulin are orad
agents used in controlling hyperglycemiain
PD. Further control can be accomplished by
the use of IP or subcutaneous (SC) insulin
(NPH, regular, 70/30, or 50/50). The mecha
nism for insulin dosing is different in auto-
mated PD than CAPD. Several different tech-
niquesfor insulin dosing have been proposed.
For patients with alife expectancy > 3 years,
the target control goals are blood glucose 110
—160 mg/dL, HbA1C 7—-8.5%, and upto 1 —
3 episodes of mild hypoglycemia/week. Ma-
grey et al. [66] reported the correlation of
HbA1C and fasting blood glucose in PD was
2.884 (p < 0.0001). Most patients require a
sliding scale for optimal control. Blood glu-
cose > 500 mg/dL requires multiple SC doses
or 1V insulintreatment. A significant percent-
age of patients on automated PD require SC
insulininadditionto I Pinsulin, whereasthose
on CAPD can usualy be controlled with IP
insulin.

Hormonal Abnormalities

Multiple hormonal abnormalities occur in
patients on PD [62]. Sexua dysfunction is
common in patients on PD, especialy in
males, and may be related to medications,
local disease processes, or systemic disease
processes (e.g. DM, vascular or neurologic
disease). Patients have decreased testosterone
levelsand spermatogenesis. Anincreased fre-
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quency of anovulation and low fertility ratein
females is related to hormona imbalances,
such asderangementsin the positive feedback
between estrogen and the hypothalamic go-
nadotropin secretion. Children may have de-
laysin puberty or central precocious puberty
onmaintenancePD, thelatter beingreversible
with transplantation. While EPO treatment
may improve sexual function, hormonal ab-
normalities still persist in most patients. Ab-
normal thyroid function persists on PD with
decreased serum triiodothyronine (T3) and
total thyroxine (T4), although thyroid-stimu-
lating hormone (TSH) is not elevated. Thy-
roid-binding globulin, T4, and T3 arelost in
the dialysate. Plasma renin and aldosterone
arenormal or mildly increasedin PD. Plasma-
18 hydroxycorticosterone is higher and may
explain a decreased incidence of hyperka
lemia with more incidences of hypokaemia
in PD.

Obesity

Weight gain can be acomplicating problem
on PD. The kilocalorie load from PD is ap-
proximately 8 kcal/kg/day, yielding a total
daily gain of 35—42 kcal/kg/day. Thisresults
inasignificant weight gain in certain obesity-
prone patients. The approach to obesity in PD
is problematic. While newer medications
have been attempted, their safety and efficacy
inrenal failureis unproven. Attempts at low-
ering percent glucose delivered are difficult
since energy consumption may be low with
inactive individuals.

Neurologic Complications/
Psychological Complications

Traditionally a number of neurologic com-
plications can occur in uremic patients on
dialysis. Both HD and PD are associated with
at least 3 distinct disordersof the central nerv-
ous system (CNS): diaysis disequilibrium
syndrome, dialysisdementia, and progressive
intellectual dysfunction. Specific abnormali-
ties in cerebra metabolism, cognitive
changes, psychological  abnormalities,
neuropathy and autonomic dysfunction can
also occur on PD.

Cerebral Metabolism

Cerebral metabolite abnormalities have
been identified in patients on dialysis [71].
CAPD patientsdemonstrateincreased choline
and myo-inositol levels compared to HD pa-
tients. Studies using localized short echo-
timed proton magnetic resonance spectros-
copy to measure cerebral water and metabo-
lites in humans demonstrated abnormalities
consistent with osmotic dysregulation in PD.
Abnormal choline/creatinineratio and N-ace-
tyl aspartate concentration also occur in PD.

While these disorders exist with renal fail-
ure, they appear uncorrected by dialysis. Fur-
thermore, the abnormalities affecting the
cerebral metabolism are not explained by the
effects of specific types of dialysis. More
clinicaly apparent abnormalities, like dialy-
sis encephalopathy in PD, are most likely
attributable to impaired response of cerebral
osmolites. CAPD may be more effective than
HD in reversing uremic encephalopathy by
mechanisms unrelated to serum creatinine
and urealevels.
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Psychological Abnormalities

Both cognitive and psychological abnor-
malities occur in children and adults on PD.
Intriguingly, CAPD patients had consistently
better cognitive function than the chronic HD
subject group in several studies. A number of
tests[50], including the Patient-Rel ated Anxi-
ety Scale (PRAS), Beck’s Depression Inven-
tory (BDI), Kupfer-Detre System |1l Somatic
Symptoms Scale (KDS/I1) have supported the
relationship between abnormalities in psy-
chological status and outcome. Significantly
higher complication rates for CAPD patients
are correlated with higher scores. Those with
the highest scores have more symptoms of
depression, anxiety, somatic symptoms and
overall poorer quality of life. Fukunishi noted
that 65.4% of children demonstrate a separa-
tion anxiety disorder or deterioration of psy-
chological adjustment when on home PD
[32]. The global intelligence quotient meas-
ure by the Wechsler and Bender tests demon-
strates that the majority of children have av-
erage intelligence (77%), and high verbal |1Q,
and yet the performance 1Q is significantly
lower. Less anemiaon PD than HD may con-
tributeto PD patients' higher test scores, since
anemia adversely affects cognitive perform-
ance.

Noncompliance may be observed in a sig-
nificant percentage of PD patients. The term
“noncompliance” represents acomplex set of
behaviors and interpersonal relationships
with family, physician, nurse, and others
which hasimportant cultural and ethical con-
siderations. The spectrum of noncompliance
can include refusal to accept specific thera
peutic recommendations to the most drastic
form, which iswithdrawal from therapy.

A specific number of psychological factors
has been shown to have an impact on compli-
ance in PD patients. These include patients
beliefs about their health behavior, locus of
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control and self-efficacy, family problems,
and social support. However, there is arela-
tionship between compliance and perceived
health outcomes in diaysis overal and par-
ticularly in PD patients because of their direct
involvement in their overall well-being and
adequacy of care.

Indices of hyperparathyroidism were sig-
nificantly associated with headache, joint
pain, dyspnea, and nausea. The severity of
these somatic complaints seen in patients on
PD are connected to theindices of disease-€f-
fectivedisordersand perceived quality of life.

Multiple Neuropathies

A number of different typesof neuropathies
develop in PD patients, the most dramatic of
which is rapidly-evolving inflammatory de-
myelinating polyneuropathy, also referred to
as “pseudo-Guillain-Barré syndrome”. The
onset of this disorder is from 4 — 10 weeks
after beginning PD. This acute or subacute
syndrome is characterized by generalized
limbweaknessdevel oping over daysor weeks
associated with severeimbalance, diminished
reflexes, and numbness. The natural history is
significantly different than diabetic or uremic
neuropathy. Another form is a more chronic
or indolent process, termed chronic inflam-
matory demyelinating polyneuropathy. Both
of these types of polyneuropathy can occur in
PD. The mechanism is unclear. Demyelina-
tion may result from T cell-mediated destruc-
tion of myelin sheaths mediated by tumor
necrosis factor (TNF) a, increased immune
stimulation and aloss of amyelin-stabilizing
factor. The progression of neuropathy may be
halted in some cases by significantly increas-
ing the level of middle molecule clearance,
although higher doses of diaysis usualy do
not lead to improvement in symptoms. A re-
versal of symptoms, or a cessation in symp-
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tom progression may occur with transplanta-
tion. The above polyneuropathies are charac-
terizes by axona degeneration with secon-
dary segmental demyelination. Severa sub-
clinical disorders of auditory (eighth) nerve
function are part of the axonal uremic
neuropathy that may occur in patients on PD.
This may explain the susceptibility to neuro-
toxic drugs, including antibiotics.

Peripheral neuropathy can occur in alarge
number of diabetic patientswho have been on
PD for > 5 years. Most likely there is some
rel ationship between the adequacy of dialysis
and the risk for developing progressive dia-
betic nephropathy. In diabetesand uremia, the
neuropathy tendsto be distal, symmetric, sen-
sory morethan motor, and involving thelower
extremitiesmore than the upper. Thedevelop-
ment of uremic motor neuropathy isamedical
emergency warranting early attention to the
dialysis prescription and consideration for
combination therapy with either HD or
hemodiafiltration (HDF) and PD, to achieve
total creatinine clearances per week of > 130
— 150L/wk and/or transplantation prioritiza-
tion.

A specific type of familial, amyloid poly-
neuropathy can occur and is characterized by
peripheral nerve amyloidosis and sexual dys-
function. Both patients on HD and PD may
develop this abnormality.

Autonomic Dysfunction

Autonomic function is significantly re-
duced in CAPD patients compared to controls
[47]. A reduction of sympathetic activity in
the limbs and cardiovascular autonomic im-
pairment are seen. Defective regulation of
heart rate, due mostly to afferent limb abnor-
malities, is more common than damage of
reflex blood pressure control. There was no
difference in the electrophysiological pa

rametersin patientswith HD or PD. However,
autonomic dysfunction may occur to agreater
degree in HD than PD. Impairment of auto-
nomic function in the heart and peripheral
circulation may have consegquencesto overall
cardiovascular  status, and cardiac
dysautonomia may be associated with high
incidence of sudden death in both diabeticand
uremic patients.

Gastrointestinal
Complications

Pancreatitis

The risk for pancregtitisisincreased in pa-
tientson PD compared to HD, and isasignifi-
cant cause of increased morbidity in CAPD
[15]. Abdominal pain, nausea and vomiting
with negative peritoneal cultures or without
clinical evidence for peritonitis should sug-
gest the diagnosis of pancreatitis. Contribut-
ing factorsfor pancreatitisinclude hypertonic
dialysate [> 50% of exchanges using 4.25%
(3.86%) glucose dialysate], hypercalcemia,
mal nutrition, gall bladder disease, andtimeon
dialysis > 23 months. An edematous and/or
calcified pancreas (Figure 16) on CT ismore
reliable than pancreatic enzyme elevations. A
serum amylase > 3 times the upper limit of
normal, or lipase > 4 times the upper limit of
normal have a strong correlation with true
pancreatitis. TheenzymeelevationsinHD are
higher in the setting of pancreatitisthan those
that occur on PD. Dialysate amylase is in-
creased to the high normal or above normal
range. A dialysate amylase > 100 unitg/L is
suggestive of intra-abdomina pathology, i.e
pancreatitis, rather than peritonitis. Serum
concentrations of pancreas-specific P3 isoen-
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Figure 16. This CT scan demonstrates an edema-
tous calcified pancreas in a CAPD patient present-
ing with acute pancreatitis.

zyme are increased in approximately 30% of
asymptomatic ESRD patients. The treatment
of pancreatitis should entail symptomatic
care, nasogastric suction, and possibletempo-
rary discontinuation of PD.

Motility Abnormalitieson PD

Unrecognized gastroparesis may have a
critical impact on the morbidity of PD pa
tients. Both diabetic and nondiabetic patients
may present with dysmotility and/or delayed
emptying while on CAPD. Type 1 diabetics
exhibit diabetic gastroparesis more than Type
Il diabetics (70% vs. 37%) [27]. Patientswith
longer durations of DM, higher frequency of
orthostatic hypertension, history of entero-
pathy, vascular complications (acute M,
blindness, amputation), malnutrition with
DM, poor glycemic control, and a history of
increased hospital days with Type 1 diabetes
are more likely to have gastroparesis [9].
Eighty-eight percent of patients on PD with
gastroenteropathy demonstrate abnormal gas-
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tric emptying times. Solid phase label with
technetium™™ and liquid phase labeled with
jndium are used to diagnose motility abnor-
malities. Despite abnormal solid emptying,
many patients do not suffer symptoms.

Fifty-five percent of PD patientshad abnor-
mal carbon™ urea breath tests indicative of
delayed gastric emptying [63]. Foregut motor
dysfunction, and abnormal gastric antral elec-
trical control with gastric dysrhymthia can
occur. All CRF patients with anorexoria and
vomiting in one study had = 1 disorders of
foregut motility. Fasting serum gastrin levels,
gastric myoelectrical activity, and bioelectro-
gastrogram results demonstrated abnormali-
ties, which were not always corrected by di-
alysis. Clinicaly, if aCAPD patient haslower
esophageal sphincter pressure abnormalities
with 2-L dialysis volumes, there is a greater
risk for dysmotility symptoms. Thus, the
demonstration of an incompetent lower
esophageal sphincter pressure may bode
poorly for patients wanting to use PD.

Gastric emptying abnormalities in PD are
improved with erythromycin elixir or meto-
clopramide. In one report, gastric emptying
time improved from 122 minutes to 12 min-
utes [24]. Erythromycin inhibits the binding
of the GI peptide motilinto its smooth muscle
receptor, thus improving symptomotology.
Erythromycin doses of 100 mg/2 L adminis-
tered IP can be given for long-term treatment
without apparent side effects. Some reports of
tolerance to erythromycin suggest alternating
erythromycin (3weeks) with metoclopramide
(1 week).

Malnutrition due to gastroparesis can also
occur in nondiabetic patients on PD. There-
fore, even nondiabetic patientswith persistent
decreases in appetite or malnutrition should
have radionucleotide gastric emptying scans,
both to diagnose gastric abnormalities and to
monitor treatment success with promotility
drugs. Early satiety or poor appetite in the
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absence of nauseaand vomiting could also be
caused by gastroparesis. Cisapride, while
helpful in nonuremic patients with gas-
troparesis, may contributeto the devel opment
of arrhythmias in patients on dialysis and
should be avoided.

Gastric Reflux/Bloating

Patients on PD may develop gas
troesphageal reflux. Supinelower esophageal
sphincter pressure can be checked by esopha-
geal monometry or pH monitoring after in-
stilling 2 L of dialysate. There appears to be
no difference in supine vs. sitting positions
with respect to lower esophageal sphincter
pressure. However, thereisanincreaseintotal
reflux score (symptomatic reflux, nausea,
vomiting, epigastric discomfort) in sympto-
matic PD patients. Furthermore, the total
treatment time wherein the pH was < 4 was
significantly greater than anticipated when
24-hour esophagea pH monitoring was util-
ized.

Non-obstructive M esenteric
| schemia

Non-obstructive  mesenteric  ischemia
(NOMI) occursin approximately 30 —40% of
nondialysispatientswith mesentericischemia
or infarction wherein no gross arterial or ve-
nous obstruction can be found. NOMI occurs
in patientswith low cardiac output statesfrom
circulatory collapse associated with hypovo-
lemia, cardiac dysfunction, arrhythmias, hy-
poxia or hemoconcentration (HCT > 41.5).
Previous reports have shown that digitalis
administration has resulted in preferentia
mesenteric vasoconstriction in high-risk pa-
tients. There have been several reports of
NOMI occurring in patients undergoing PD,

however the role played by intra-abdominal
shunting of blood is unclear.

Ascites

Chylous ascites may complicate PD either
soon after starting treatment or in conjunction
with an additional surgical procedure. This
rare clinical entity is usually secondary to
disruption of alymph channel or lymphoma.
The ascites is significantly cloudy or milky,
with characteristic laboratory findings of:
chylomicrons on lipoprotein electrophoresis,
triglyceride levels of dialysate > plasma, and
positive Sudan black staining of dialysate su-
pernatant. In 230 cases of chylous ascitesin
PD patients, malignancy was encountered in
only 2 cases. A precisediagnosiswasdifficult
to establish in the remainder. The chylous
effusion in 7 cases appeared secondary to
sclerosis, chronic pancreatitis, systemic amy-
loid or cardiacfailure; 3 caseswerelikely due
to microtraumafrom a Tenckoff catheter. As-
cites lasted for > 2 yearsin 4 cases and re-
quired long-term nutritional support. Patients
may be ableto continueon PD if they areable
to maintain a stable nutritional status.

Gastrointestinal Bleeding

Gl bleeding is more common in HD than
PD patients. Bleeding may result from ure-
mia, iatrogenic causes, underlying systemic
disorders, or an unrelated Gl disease. Gastri-
tis, duodenitis, amyloidosis, warfarin, in-
creased heparinization, coexistent Gl disease,
and angiodysplasia are the most common
causes for Gl bleeding. Angiodysplasia is
more common in HD, and is associated with
vascular calcifications, constipation and pos-
siblechronicvenoushypertension. Angiodys-
plasia should be suspected in patients with
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HIV, Karposi’s sarcoma, CMV caolitisor non-
Hodgkins lymphoma. Endoscopy is helpful
both in diagnosis and treatment. Erosive gas-
tritisoccursin approximately 30% of dialysis
patients with Gl bleeding. The remaining
cases are due to colonic polyps, esophagitis,
melanosis, diverticuli, erosive duodenitis, or
gastric ulcer. Patients on PD with intractable
vomiting and abdominal pain can present with
a gastric ulcer due to Helicobacter pylori in-
fection. These patients should be treated with
metronidazole, imiprazole, and clarithromy-
cin.

Hepatic Complications

A number of different liver parenchymal
diseases may present in dialysis patients in-
cluding hepatitis C, hepatitis G, and hepatitis
B. Both hepatitis B and C are more commonly
transmitted through HD than PD, with arisk
hazard ratio of 5.7. Biochemical testsare poor
indicators of liver disease progression; liver
biopsy isindicated as the definitive means of
evaluating PD patientswith positive hepatitis
C vira (HCV) antibodies, as approximately
20 — 25% of HCV RNA carriers in the US
develop cirrhosis. The prevalence of anti-
HCV among CAPD patients ranges from 1.8
—15.4%, with 16.4 — 46.7% positivity in HD.
Enzyme-linked  immunosorbent  assay
(ELISA) Il testing is more sensitive than Re-
combinant Immunoblot Assay Il (RIBA I1):
positiveresultsin 52% of HD and 14% of PD,
vs. 38% HD and 11% of PD patients, respec-
tively [16]. Reports from Singapore demon-
strated HCV positivity by polymerase chain
reaction (PCR) in 41.5% of HD and 12% of
PD patients.

Strict compliance with universal infectious
disease precautions from the Center for Dis-
ease Control is mandatory for both HD and
PD patients. While the duration of PD did not
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affect risk, transfusion requirements may bea
risk factor. HCV infection was observed to be
significantly more common in female PD pa-
tients; and correlated to events occurring be-
fore the start of PD therapy. Therefore, PD
should be considered as low risk for HCV
infections compared to HD. Increased HCV
seropositivity in Ashkenazi Jews points to
ethnic factors predisposing to HCV transmis-
sion, again with a higher prevalence in pa-
tientson HD vs. PD.

The frequency of HCV antibody was sig-
nificantly higher in hepatitis B-positive pa-
tients. Hepatitis B virus (HBV) may not cause
significant serum amino transferase eleva
tionsin al patients. HBV can be transmitted
in the dialysis setting through blood transfu-
sions and environmental surfaces. However,
dialysis ultrafiltrate or PD dialysate seems
to be an improbable source of HCV dissemi-
nation in the dialysis setting. A significant
association exists between HBV and the
presence of anti-HCV antibodies. Common
epidemiologic routes for HCV infection may
exist in Hong Kong, China and East Asia.
Hepatitis G is a novel RNA virus of the
Flavividae family occurring in both HD and
PD. The prevalenceof HGV infectionissimi-
lar in HD and PD.

Esophagitis

Esophageal infections can occur especially
in diabeti c and immunocompromised patients
on PD. Diabetic patients, especially those
with persistent hyperglycemia, have an in-
creasedrisk for Candida-induced esophagitis,
asdo acoholicsand elderly patients. Esopha-
geal infections could be due to Candida, her-
pes simplex virus, cytomegalovirus (CMV),
and Mycobacterium tuberculosis. Dysphagia
(difficulty swallowing) and odynophagia
(pain on swallowing) may occur, but the lack
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of these symptoms should not be used as
evidence against esophageal infection. Nau-
sea and vomiting occur in 42% of CMV
esophageal infections, whereasweight lossis
more common in CMYV, tuberculosis (TB),
and HIV. Oral lesionsare present in 27 —37%
of patients with infectious esophagitis.

The treatment is dictated by the cause and
severity of theinfection. Nonabsorbablemeti-
zole may be helpful. Clotrimazole (nonabsor-
bableimidazole) 10 mg fivetimes/day, or oral
nystatin (nonabsorbable polyene) to disrupt
the fungal membrane may also be effective.

Dermatitis Complications

Pruritus

Uremic pruritis affects 50 — 90% of PD and
HD patients. Robertson et a. reported the
percentage might be somewhat higher in PD
vs. HD (61.9% vs. 53.9%) [93]. Pruritis usu-
ally startsapproximately 6 monthsafter initia-
tion of diaysis therapy. Uremic pruritis may
present in either of two distinct patterns:. epi-
sodic, mild, and localized to the back, dialysis
catheter site, face or legs; or generalized and
intractable. The actual mechanismfor pruritis
is unclear. Histologically, there is atrophy
both in the sebaceous glands and in the secre-
tory and ductal portions of the eccrine sweat
glands. Reduced stratum cornium hydration
levels correlate with the degree of pruritisin
PD. Usually pruritis occurs in the setting of
secondary hyperparathyroidism where diva-
lent ion abnormalities are higher coinciding
with iron deficiency and, in some cases, hy-
pervitaminosis A. Specific proteases, leuk-
otrienes, prostaglandin E, and histamine H»
receptor abnormalities play a role. Theoreti-

cally, the higher degree of middle molecule
clearancein PD should provide for less pruri-
tis than HD, assuming specific middle mole-
cules play an etiological role in initiating
pruritis. WhileMorton et al. found 27% of HD
patients and 54% of PD patients complained
of pruritis, other studies have noted no differ-
ence in the incidence of pruritis by diaysis
modality [74]. Regular emollient use pro-
duces amarked reduction in severity of pruri-
tis. Ultraviol et phototherapy may also provide
clinical improvement in some patients resis-
tant to standard approaches. Ondansetron (4
mg twice daily PO) may be an effective safe
treatment for uremic pruritisin PD.

Calciphylaxis

Calciphylaxisisadisorder characterized by
vascular calcification and tissue necrosis.
These extremely painful, violacious, and
necrotic ulcerative lesions are associated
with mottling and gangrene of the extremities
(Figure 17). These ulcerative changes can oc-
cur over arteriesor on the extremitiesin asso-
ciation with increased PTH, deep Ca skin
deposits, and severe hyperparathyroidism es-
pecialy in DM. Histologic findings may be
segmental requiring deep elliptical biopsiesto
identify Cadeposits. Soft tissue calcifications
characterized by tenderness with extensive
nonulcerative, large, hard, subcutaneous
plaquesin the calvesand soft tissuesmay also
occur. Bonescanning ispositivefor Cadepos-
its, and 75% of the patients have ahigh Ca-P
product.

Other Dermatidites

Recently several patientson PD havedevel-
oped ahypersensitivity reactionto theglucose
polymer, icodextran, characterized by a
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pruritic sometimes scaly, exfoliative rash. A
case report describing phenytoin toxicity
causing secondary porphyria cutaneatardain
PD has been reported.

Hematol ogy/Oncology

Anemia/Red Blood Cdll
M etabolism

Anemia and complications from its treat-
ment with recombinant human erythropoeitin
(rHU-EPO andiron), may occur in patientson
PD. While thereis an increase in endogenous
EPO production in patients on PD compared
to HD, the vast mgjority still require rHU-
EPO therapy for anemia. Fifty-five percent of
patients on EPO required initiation or an in-
crease in antihypertensive therapy, compared
to 19.6% of patients on placebo. Navarro et
al. demonstrated in a small group of patients
on PD that rHu-EPO requirements necessary
to maintain a stable hemoglobin concentra-
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Figure 17. These ulcerative,
painful, necrotic lesions in the
upper thigh characterized the
development of calciphylaxis in
this CAPD patient.

tion were higher for patients on angiotensin
converting enzyme (ACE) inhibitors [76].
Theeffect of rHu-EPO on peritoneal transport
characteristicsisunclear. A significant reduc-
tion in the levels of protein S and protein C
may result from rHu-EPO and could poten-
tially increase thrombotic events.

Dialysate may adversely affect RBC meta-
bolism in PD. Standard dialysate may inter-
fere with the Emden-Meyerhof pathway, the
main glucose-utilizing route in the RBC. A
damaging action by lactate dialysate on bicar-
bonate buffering necessary for normal RBC
metabolism may occur. High lactate concen-
trations acutely inhibited the key enzymatic
steps of glycolysis, leading to a significant
decrease in glucose consumption and adeno-
sine triphosphate (ATP) production. De-
creased pH levels observed in lactate-incu-
bated RBC were shown to inhibit observed
G-6-PD activity.

Uremiamay modulate RBC membrane cat-
ion transport, athough neither PD nor HD
improves this defect. The abnormalities in
transport include K */chloride co-transport ac-
tivity, amiloride/Na’ efflux, and decrease in
Na'-K* pump activity.
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Peritonitis may inhibit in vitro erythroid
colony formation contributing to aworsening
in anemia or resistance to rHu-EPO. Seem-
ingly, endogenous pyrogens, such as inter-
leukin-1 (IL-1) and tumor necrosis factor
(TNF) alsoinhibit erythyropoiesis. Addition-
aly, a circulating soluable factor inhibiting
erythyropoiesis may contribute to the de-
creased EPO response observed during peri-
tonitis. Iron saturation may be a good indica-
tor of rHu-EPO requirements and responsive-
nessin PD patientswith anemia[49]. Achiev-
ing higher iron saturation levels than the cur-
rently accepted 20% may further decrease
rHu-EPO requirementsin PD patients. 1V in-
fusion of total doseironissuperior tooral iron
in the treatment of anemiain PD, achieving
higher HCT (36.0 + 1.0 vs. 344 + 1.1). Pa
tients on PD who have low iron saturation
may develop worsening anemia despite rHu-
EPO.

Platelet Abnormalitiesand
Bleeding Diatheses

Patientson PD exhibit amarked increasein
the levels of reticulated platel ets compared to
normal patients. The presence of increased
reticulated platelets may indicate platelet hy-
perreactivity and accelerated platelet turn-
over; increased platelet turnover is usualy
associated with uremia [41]. The percent of
reticulated plateletsin PD vs. normal was6.96
+ 0.68% vs. 2.77 + 0.17%,; the mean platelet
count, however, was normal. The mean per-
cent of reticulated platel etswasgreatestinHD
(8.2 £ 0.36%). There does not appear to be a
difference in percent of reticulated platelets
between diabetic and nondiabetic patients on
PD. Theincreased turnover rate may contrib-
ute to the acquired platel et defect and risk for
uremic bleeding. Hypoal buminemiain CAPD

may aso play a role athough the actual
mechanism is unclear.

Abnormalities of platelet surface glycopro-
teinsGPIb and GPIIb/111Aa(receptorsfor von
Willebrand factor and for fibrinogen) may be
involved in uremic bleeding (defect in pri-
mary homeostasis) in PD. These values are
normalized in PD suggesting better homeo-
stasisand lessbleeding if patientsare properly
dialyzed.

Coagulation Abnormalities

The dialysis procedure can potentially af-
fect both coagul ation homeostasisand normal
fibrinolysis. Procoagulant markers and fibri-
nolytic parameters are higher in PD than HD.
However, HD increases procoagulant mark-
erssignificantly over baseline[2]. CAPD pa-
tients demonstrate significantly higher levels
of factors VII, 1X, and X; antithrombin I11;
protein C; and protein S compared to HD.
Furthermore, CAPD patients may have
shorter prothrombin times. Enhanced fibri-
nolysis may be a natural protective mecha
nism against thrombosis. It is intriguing that
a positive correlation exists between abnor-
malities in hypercoagulability parameters,
secondary fibrinolysis, and serum lipids. Pe-
tients who demonstrate higher fibrinogen, or
higher level sof specificfactorsinconjunction
with abnormalities in lipid metabolism, may
have a greater risk for underlying
atherosclerosis. Thisincreased risk may con-
tribute to limb ischemia and cardiovascular
ischemia.

Mesothelial cells play an important role in
determining the fibrinolytic activity of the
peritoneum in vivo and may prevent fibrous
exudates and fibrin deposition in the perito-
neal wall. This function may also decrease
adhesion formation. Mesothelial cellsexpress
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Figure 18. This CT scan demonstrates a renal cell
cancer arising from the superior aspect of the left
kidney in a patient with polycystic kidney disease on
CAPD for five years.

plasminogen activators and inhibitors. Plate-
letswith high PAI levelsusually have positive
D-dimers. Thus, low D-dimers in the perito-
neal dialysateindicate ablock infibrinolysis,
and heparin therapy is highly recommended.
D-dimer levels may also be able to identify
patients who benefit from heparin therapy
during peritonitis or increased imbalance be-
tween activators and inhibitors in the perito-
neal space.

Neoplasia

Speculation has existed for a number of
years that uremic patients have an increased
risk for malignancies. There are several fac-
tors which may increase the risk of cancer in
patients on PD, or dialysisin general, includ-
ing impaired function of the immune system,
impaired antioxidant defense mechanisms,
accumulation of carcinogenic compounds
partly due to impaired renal elimination, and

60

the risk for chronic infection and inflamma-
tion. Reportsdelineating the cancer riskinHD
patients are more common, most likely be-
cause of theincreased numbers of patientson
HD worldwide compared to PD. HD patients
have a risk of developing malignant tumors
that is several times that of the genera popu-
|ation. Because both sets of patients are ure-
mic, and uremiaitself may have arisk poten-
tial for cancer development, PD patients may
have ahigher risk aswell. From 1982 through
1990, 21 urologic cancers were discovered in
uremic patients from a single center [60].
Nine of 21 patients were on HD and 1/22 on
PD. The standardized incidence ratio of kid-
ney cancer in chronic HD was24.1 (p < 0.01)
and that of bladder cancer was 16.4 (p < 0.01).
Hematuria was the most common presenting
feature despitethefact that most patientswere
anuric. A further study examining the inci-
dence of cancer in a regiona dialysis and
transplant registry reported a total of 479
cases of cancer, including primary cancers of
theliver, kidney, and thyroid; lymphoma; and
multiple myeloma[12]. There does appear to
be an excessof renal cell and liver carcinomas
or lymphomas in patients receiving rena re-
placement therapy. Acquired renal cystic dis-
ease in patients with PKD may progress to
renal cell cancer (Figure 18). However, be-
cause the numbersstill are small, routine can-
cer screeningin ESRD ispresently arelatively
inefficient alocation of resources. The find-
ings overall highlight the importance of con-
sidering a patient's competing risks to sur-
vival in designing screening strategies and
other interventionstargeted to ESRD patients.
With referenceto PD, specific tumors may, in
fact, metastasize to the peritoneum. These
include adenocarcinomaof the ovaries, stom-
ach, colon, breast, pancreas, and lung, along
with lymphoma and sarcomas. Metastatic
cancer is by far the most common peritoneal
tumor detected in PD patients.
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Transplantation
Complications and
Immune Defectsin PD

Graft Rgection

A number of reports in the literature have
examined the difference in graft and patient
survival inindividuals treated with either HD
or PD. Patients on CAPD may in fact have a
more normal immune response than HD pa-
tients, and this may make them more immu-
nocompetent. Totest thistheory, several stud-
ies have examined graft survival in PD pa
tientswho have subsequently undergonerenal
transplantation. Overall the rate of graft and
patient survival appearsto be similar between
HD and CAPD [23]. Therate of graft lossdue
to infection may be higher for recipientswho
were under dialyzed pretransplant irrespec-
tive of dialysis modality. Since a significant
percentage of PD patients may not achieve
target clearances due to loss in residual renal
function and inadequate prescription adap-
tion, the potential risk of infection could be
increased compared to HD patients. Perez
Fontan reported the incidence of acute rejec-
tion was similar in both HD and PD, and that
PD patients demonstrated lower rates of de-
layed graft function after renal transplant than
amatched control group of patientson HD [84].

Post-transplantation I nfection

In pancreas-kidney transplant patients, the
incidence of peripancreatic abscessformation
was higher in those dialysed pre-transplant
with PD than HD (40vs. 14%), with S epider-
midis being the most common pathogen.
Douzdjian and Abecassis reported 5% perito-

nitisand 2.5% CESI ratesin PD patients post-
transplant [26]. There does not appear to be
any differencein nonperitonitis-related infec-
tions between HD and PD patients in the
postoperative period. Nutritional status, ade-
quacy of dialysis, and time since prior bouts
of peritonitisand CESI all have adirect impact.

The risk of developing post-transplant in-
fections linked to the presence of the PD
catheter continues to generate concern. In
most studies, the persistence of the PD cathe-
ter after kidney transplantation has produced
no infection or other complications. Catheters
can even be safely used during acuterejection
or primary graft nonfunction for dialysis. Po-
tentially PD catheters represent an additional
source of infection following transplantation
if left in place for extended periods of time.
Therefore, the catheter may beleft in placefor
thefirst few weeksfollowing transplantation,
however, it should be removed by 3 months
after transplantation because of the increased
risk of catheter-related infections. Some clini-
cians suggest removing the catheter a thetime
of hospital discharge to decrease infection risk.

Renal Allograft Thrombosis

Several studies reported an increased inci-
dence of renal graft thrombosis in CAPD
compared to HD patients (7.3 vs. 3.6%) [28,
108]. A more recent study in 827 cadaveric
recipients documented vascular thromboses
in 4.7% of PD and 6.1% of HD patients, with
no difference in the incidence of arterial and
venous thrombosis by modality. Graft recipi-
ents may require detailed coagulation studies
preoperatively to design effective coagulation
prophylaxis, especialy in cases where allo-
graft harvest will be performed laparoscopi-
cally. There appears to be little differencein
transplant characteristics, hematologic pa-
rameters, immunosuppressive therapy, graft-

Malluche et al. - Clinical Nephrology, Dialysis and Transplantation - II-5 61

1.5



Chapter Il - Dialysis

ing anatomy, or preservation techniques in
those patients who develop rena graft throm-
bosis. However, severa reports associated
graft thrombosis with advanced age of donor,
use of the right kidney, protracted cold is-
chemia, delayed graft function, and previous
thromboembolic events in the recipient. The
presence of anticardiolipin antibodies and
certain diseases such as systemic lupus
erythematosus (SLE) may be associated with
an increased risk of thrombosis.

Post-transplant Ascites

Symptomatic ascites can occur following
the discontinuation of PD after transplanta-
tion. If the serum to ascites albumin concen-
tration gradient or albumin gradient is > 11
gm/L, some degree of portal hypertension is
likely. If the serum albumin gradient is < 11
g/L, then peritonitis, an inflammatory proc-
ess, or malignancy should be considered. The
causes of ascites after transplantation in PD
patients include increased net UF pressurein
the peritoneal capillaries, increased perme-
ability of the peritoneal membrane to macro-
molecules, and decreased lymphatic absorp-
tion. These are contrasted to the causes of
ascites in nonrenal patients, which include
fluid overload, functional or structura
changesin the peritoneal membrane and lym-
phatic drainage, heart failure, hypoalbu-
minemia, pancreaticinsufficiency, and hyper-
parathyroidism. Treatment should be conser-
vative unless malnutrition becomes a pre-
dominant factor.

Immune Dysfunction

A profound effect on host cellular defenses
occursin uremic patientsand specificdialysis
modalities may have an additional adverse
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effect on these systems. Numerous immu-
nologic complications may occur in PD re-
|ated to the use of glucose-based dialysate, the
development of peritonitis, and/or inadequate
solute clearance [44]. In PD patients with
peritonitis, both peripheral (systemic) and lo-
cal (intraperitoneal) immunity are adversely
affected. Polymorphonuclear cells (PMNSs),
lymphocytes, and macrophages undergo ab-
normal morphologic changes, and show al-
terations in cellular function and blunted se-
cretory ability. Furthermore, other host de-
fense cells (e.g. mesothelial cells) may expe-
rience similar abnormalities of size and func-
tion. These changes have an impact on infec-
tion rate, time to resolution, and risks for
reoccurrence.

Three interrelated mechanisms combine to
recruit leukocytes into the peritoneal cavity
during periods of inflammation: direct re-
cruitment, bacterial activation of meso-
thelium, and peritoneal microphage (PMO):
human peritoneal mesothelial cells (HPMC)
interaction. During peritonitis thereis an in-
flux of leukocytes into the peritoneal cavity.
Anexcessiveloca production of cytokinesby
HPMC occurs, but is not prognostic for peri-
tonitis or UF failure. Leukocyte recruitment
and transmigration across the peritonea
membrane is dependent on the expression of
adhesion molecules — intercellular adhesion
molecule-1 (IAM-1) and vascular cell adhe-
sion molecule-1 8VCAM-1 — by HPMC. Se-
cretion of 1L-6 and IL-8 proinflammatory cy-
tokines synthesized by mesothelia cells is
followed by the activation of thelymphocytes
then infiltration and the production of T lym-
phocyte-derived IL-2 and SIL-2R. This nor-
mal series of cellular/humoral events is dis-
rupted in PD.

A number of studies have evaluated the
selection and differentiation of lymphocytes
in the normal peritoneum. In CAPD, T cells
may be functionally abnorma and demon-
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strate varying levels of T cell activation. Pa
tients on PD have absolute lymphopenia,
however overal cellular immunity may be
less depressed on PD than HD, as shown by
an increase in T cell population after 12
months on PD. Interestingly, peripheral lym-
phocytesin CAPD patients suffering frequent
bouts of peritonitis were characterized by an
increased expression of CD44 variant mole-
cules, normally seen with inflammation and
malignant disease. CAPD alters normal peri-
toneal lymphocytes; neither mRNA transcrip-
tion of the RAG-1 gene nor CD34 cells are
detectablein peritoneal cavity lymphocytesin
CAPD patients. Also, thymus-independent T
cells are undetectable in the peritoneal lym-
phocytesfrom CAPD patients. Thisresultsin
the loss of CD8a+ subset of natural killer
(NK) cells (CD3-, CD8aa+, CD16+ and
CD56+), which significantly decreases the
peritoneal natural killer activity.

Macrophageeffectivenessislimited by sev-
era factorsin PD patients. Macrophage acti-
vation via T lymphocytes and NK cells is
adverdly affected by these cells abnormali-
ties. Moreover, the macrophages have in-
creasingly immature bactericidal activity due
to their constant flow into the peritoneal cav-
ity from the bone marrow. Finally, these im-
mature cells promote inflammation by their
increased cytokine generation ability when
stimulated.

Mechanisms involved in the abnormal
PMN response in uremia include malnutri-
tion, iron overload, intracellular Ca, low and
high molecular weight circul ating plasmafac-
tors, 1,25 dihydroxy vitamin D levelsand the
dialysis treatment itself. Porter et a. found
CAPD corrected the uremic defect in PMN
bacteria killing in 22 patients after 3 months
on PD [88]. However, there was no correla
tion to either urea or creatinine levels. A
number of granucyteinhibitory proteins have
been isolated from the peritoneal dialysate

whichincludegranulocyteinhibitory proteins
1 and 2, degranulation inhibiting proteins 1
and 2, chemotaxis-inhibiting protein, and im-
munoglobulin light chain kappa and lambda.
During acute bacterial peritonitis, monocyte
chemotactic protein-1 (MCP-1) is the
most important monocyte chemoattractant;
whereas | L-8, and human melanoma-growth-
stimulating activity (huGRO a) arethe mgjor
neutrophil-attracting chemokines. It is un-
clear how inadequate PD might affect the
synthesis and decreased excretion of these
substances. A modified form of ubiquitin, an
inhibitor peptide of chemotactic movement of
PMN cells in vitro, has also been isolated
from PD dialysate. Some studies have shown
that PD therapy may restore PMN intracellu-
lar hydrogen peroxide generation to normal
levels, possibly due to the removal of low
molecular weight toxinsin CAPD. While hy-
poa buminemic CAPD patients (serum albu-
min < 3.6 g/dL) had significantly depressed
superoxide production volume and velocity,
there were no observed differences between
patients with and without a history of perito-
nitis. There doesnot appear to beacorrelation
between PMN intracellular killing activity
and the rate and type of peritonitis. However,
patients with impaired PMN bacterial killing
are prone to more severe forms of CAPD peri-
tonitis, and possibly to morefrequent infections.

Hypogammaglubulinemia has been re-
ported to develop in infants and children on
PD. After IP infusion of immunoglobulin
(100 mg/kg) in children with peritonitis,
chemotaxis of peripheral blood neutrophils
increases significantly. Chemotaxisand lumi-
nal-dependent chemiluminescence of both
peripheral blood and peritoneal neutrophilsof
children on CAPD treatment were also en-
hanced with IP immunoglobulin treatment.
Low IPlevelsof IgG in adults may be associ-
ated with an increased risk for peritonitis,
athough other authors found no correlation
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between peritoneal fluid 1gG and C3 and the
incidence of peritonitis. PD patients with hy-
perparathyroidism may have a resultant in-
hibitory effect on B cell function.

Dialysate-induced lmmune Defects

Several reports have demonstrated the ef-
fect of dialysate on cellular and secretory
functionsin PD. Dialysisfluid may reducethe
host’s resistance to infection and potentially
can affect therate or severity of infection risk.
Alternate fluid formulations have been or are
being devel oped to lessen this effect. Neutral
pH solution buffered with bicarbonate or in
combination with lactate or glycyl-glycine
may be helpful. Glucose polymer dialysate
has been associated with amarked depression
of cytokine release. Newer solutions contain-
ing bicarbonate or pyruvate, rather than lac-
tate, glucose polymers, glycerol or peptides
are being developed to avoid potential toxic
effects.

Conventional glucose-based peritoneal dia-
lysate leads to depressed oxygen consump-
tion, chemiluminescence, superoxide produc-
tion, phagocytosis, bacterial killing, and actin
polymerization in neutrophils in vitro [51,
52]. Uremic solutesin PD effluent (e.g. p-cre-
sol) in conjunction with glucose depress nor-
mal granulocyte NADPH-oxidase dependent
radical speciesproduction. Impaired adhesion
receptor expression and cell adhesion capac-
ity also exist. Diaysate glucose concentra-
tion, low pH, and the presence of lactate ions
in racemic mixtures containing both the D-
and the L-forms may induce cytotoxicity.
Glucose plus lactate-based PD dialysate re-
duces the capacity of leukocytes for chemo-
taxis, bacterial killing and production of
monokines. Standard dialysate solutions may
inhibit mesothelia cell proliferation potentialy
leading to chronic mesothelia cell damage.
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Glucose dialysate may adversely affect su-
peroxide generation by both peripheral and
peritoneal phagocytesin CAPD patients. The
increased superoxide (O2) generation by peri-
toneal and circulating phagocytes in CAPD
patientsis at least partly due to the enhance-
ment of hexose monophosphate shunt activity
by increasing glucose metabolism and the
increased O2 generation might beinvolvedin
long-term complications of CAPD.

There has been an individual case of reacti-
vation of SLE after transfer to PD.

Hospitalization Risks and
Complication Prevention

Despite increases in the average age of in-
cident ESRD patients from 1996 to 1988 (57
vs. 61 years), the percent of diabetic patients
on diaysis (30 — 43%), and the number of
co-morbid risk factors, the US dialysis mor-
tality rate has declined to 17%. Hospitaliza-
tion ratesand length of stay have declined but
are still unacceptably high. Renal failure pa-
tients are 10 times more likely to be hospital-
ized and on average, hospitalization lasts one
day longer compared to non renal failure pa-
tients. A national hospital survey identified
348,962 hospitalizations for patients with re-
nal failurein 1991. Asthe numbersof patients
with ESRD on dialysis increase, hospitaliza-
tions continue to escalate. Inpatient health
resource utilization accounted for 44% of the
total cost for the Medicare ESRD program in
this study [104]. In 1991 hospital days for
ESRD beneficiaries numbered 3.1 million
and the total ESRD program expenditures
were $2.7 billion.

Haback et al. [37] compared hospitalization
for patientstreated with PD vs. HD using data
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fromthe USRDS 1993 annual report. Average
hospital admission rates/patient-year at risk
for PD patients were 14% higher than for
those treated with HD after adjustment for
race, age, gender and cause of ESRD. Further-
more, diabetic patients treated with PD had a
12% higher admission rate/patient-year at risk
than did diabetics treated with HD. Younger
diabetic patients (20 — 40 years old) had simi-
lar admission rates, whereas patients > 45
years old had an 18% higher admission rate
than did diabetics treated with HD. Nondia-
betic PD patients had 15% higher admission
ratesthan did nondiabetic HD patients. While
thisstudy did not factor in patient co-morbidi-
tiesfromthedialysismodality, theunderlying
message is that patients with suboptimal
clearances despite dialysis have an increased
risk for hospitalization and a longer hospital
stay. Ten percent of hospitalizationsin dialy-
sis patients had a length of stay > 23 days.
Children < 5 yearsold had higher dialysis-re-
lated hospitalization rates and durations on
PD than HD. Every center should have the
ability to track complication rates, at the very
least peritonitis and CESI, both in the outpa-
tient and hospital settings.

Providing adequate dialysis is the key not
only to survival, but aso to avoiding in-
creased hospitalization rates. A recent reex-
amination of the USRDS data has demon-
strated a stablerate of death comparing HD to
PD over the last several years, and in some
studies, animproved survival rate on PD com-
pared to HD during thefirst 2 yearsof therapy.
Therefore, complication rates can be de-
creased by providing adequate dialysis and
early preventive intervention in patients who
may be at increased risk for complications.
Specific risk factors associated with higher
rates of hospitalization utilization/year of pa
tient risk include increasing age, decreased
activity level defined by a Karnovsky score,
DM asacause of ESRD, and decreased serum

albumin level; whereby the strongest predic-
tor of hospitalization rates was low serum
albumin level. Every effort needsto be made
to modify these and other risk factors.

Diabetic patients had a 40% higher admis-
sion rate/patient-year at risk than did nondia-
betics. Admission rateswerehigher for males,
whites and PD patients in the Haback study.
Excess admission rates among diabetics com-
pared to nondiabetics increased with patient
age. PD patients needed 4.6 hospital
dayslyear at risk morethan HD patients, with
the length of stay averaging 11.74 and 10.58
days/admission for diaysis patients treated
with PD and HD, respectively. Thesefindings
are modifiable, considering the percent of US
patientswho requirechangesintheir prescrip-
tion dialysisto meet target clearances.

Because admission to the hospital signifi-
cantly increasesoverall disease morbidity and
may result in subsequent increased deaths,
avoiding admissions and emergency room
visitsisof critical importancein dialysiscare.
In reviewing total hospital admissions by di-
agnosis[diagnosis-related group (DRG) cate-
gory for 1993 — 1995], the top 6 systemswere
circulatory, renal, Gl, infection, respiratory
and nutrition. Those specifically related to PD
include congestive heart failure (CHF), circu-
latory system, septicemia, nutritional and
miscellaneous metabolic disorders, pneumo-
nia, and esophagitis. Understanding theserisk
factorsfor hospitalization in ESRD can result
in developing interventiona strategiesto de-
crease morbidity.

CHF admissions may result from a mis-
match between prescription and membrane
transport type, often occuring shortly after
the initiation of PD. Patients with cardio-
myopathy, atered cardiac output, edema at
the time of diaysis initiation, and uncon-
trolled DM may be at increased risk for CHF
admissions. Individuals with significant ven-
tricular arrhythmias may also be at increased
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risk for compromised cardiac output. Thus, it
is essential to optimize diabetic control
(HbA1C < 8), achieve euvolemia, and opti-
mize nutrition. Prompt diagnosis of peritoni-
tis with aggressive treatment and identifica-
tion of limb cellulitis in diabetics is crucial.
Nutrition disorders should be vigorously ad-
dressed in patients with serum albumin < 3
g/dL. Pneumococcal and influenza vaccina
tionsand early treatment of pulmonary infec-
tions may avoid simple pneumonia admis-
sions. Esophagitis may occur in DM, HIV or
other immunocompromised patients on PD.
Endoscopy may bewarranted in patientswith
persistent nausea, vomiting and poor nutri-
tional status.

On entering PD programs, patients’ risk
status should be evaluated and pro-active
measures taken to avoid hospitalizations.
Knowing the level of predialysis glycemic
control, an independent predictor of clinical
outcome in type || DM, prior to dialysiswill
aid in risk categorization. Major risk factors
in PD include: sepsis, poor nutrition, respira
tory dysfunction, esophagitis, peritonitis, un-
controlled DM, LVH, CHF, arrhythmias,
CAD, periphera vascular disease with is
chemia, and cellulitis. HIV-infected patients
have higher rates of peritonitis. Whiletherisk
of nasal S. aureus carriage remains controver-
sial, those carrier states identified should be
treated (see above). Standardizing treatment
approaches and developing care guidelines
will help decrease complications warranting
admission. Hospitalizations have a negative
impact on achieving quality indicator goals;
utilizing best demonstrated practices and
tracking of patientsat higher risk areessential.

By the year 2000, 45 — 55% of all patients
on ESRD will have DM as their renal failure
etiology. Currently, themajor reasonsfor poor
outcome are cardiovascular disease in 56%,
cachexiain 18%, and infection in 11%. Im-
paired vision, decreased manual dexterity,
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frequent presence of bowel diverticulae, poor
hygiene, socioeconomic level, need for care-
taker, and impaired immunologic defense all
tend to increase with age for patients on PD.
The 5-year surviva for diabetic patients on
dialysis is approximately 18 — 28%. Almost
half of all diabetic ESRD patients do not
survive 2 years. Peritonitis rates are signifi-
cantly higher in diabetics vs. nondiabetics.
Diabeticshave anincreased complication risk
and a higher hospital admission rate due to
coexistent disease. Managing risk is essential
to improving this poor outlook.

The drop-out rate from infection is higher
in younger patients, whereas elderly patients
increased morbidity and mortality are mainly
associated with complications not related to
CAPD. Hospitalizations are significantly
longer in the elderly, and the risk for malnu-
trition and decreased muscle mass is higher.
There is no difference in peritoneal function,
UF rates, peritoneal transport, or clearance
goals in young and elderly patients. By the
year 2000, 65% of all ESRD patients will be
older than 65 yearsof age. Their special needs
will have to be considered: malnutrition,
bowel dysfunction, increased chronic diver-
ticulae, DM, neoplasia, peripheral vascular
disease, and variable mental alertness which
obviously affects self-care.

African-American patientsarelesslikely to
be hospitalized, less likely to choose PD as
initial therapy (11.6% vs. 29.3%) and are less
likely to change dialysis modalities once on
HD. African-Americans have an increased
susceptibility to S aureus and S. epidermidis
infections, which should be stressed in pre-
ventive strategy initiatives.

Increased peritoneal membrane transport is
associated with decreased patient and tech-
nique survival for CAPD patients. High-
transport CAPD patients have worse nutri-
tional status than those with low-transport
characteristics. Potentially, thismay be dueto
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Table 9. In-patient PD Complications Settirlgs1

Clinical Settings Associated Complication Dialysis Prescription Modifications
Congestive heart failure — Resistant hypervolemia2 — Utilize short dwell times (20 to 60
— Increased a-Ao2 gradient minutes)
— Intubation — Achieve dry weight < 48 hours

— Ultrafiltration (UF) 4% body
weight (8 to 10 hours)

Coronary artery bypass — Reintubation — Aggressive solute/water removal*
grafting — Sternal infection/osteomyelitis3 — Usually automated PD =12 hours/

— Hypokalemia day

— Malnutrition® — Achieve preoperative weight
Cellulitis — Poor infection response — UF to achieve euvolemia

— Uncontrolled blood sugar® — Remove ALL edema

— Persistent limb edema

— Amputation
Aortic-femoral — Wound dehiscence, “localized — Avoid edemalincrease UF
revascularization dialysate leak” — Decrease dwell volume periopera-

— Postoperative wound infection’ tively

— Malnutrition — Avoid dialysate “seepage” into

— Resistant edema wound

— Optimize solute clearance

Lower extremity amputation — Stump dehiscence — BUN/albumin < 17
— Postoperative wound infection — optimal fluid removal
— Resistant edema
Pneumonia — Resistant infection® — Control volume to solute ratio
— Intubation
— Sepsis

— Interstitial edema
— Respiratory failure
— Increased A-a0; gradient

lDesign prescription to optimize solute/water removal [vary dwell time days 1 to 3 (i.e., 60, 90, 120 minutes)
to establish PET category if previously unknown]. 2Increased pulmonary capillary wedge pressure (PCWP)
> 16 mm water. >Avoid chest wall edema to optimize suture-line closures. *Achieve BUN/AIb < 17. *Optimize
blood sugar control, extend perioperative antibiotic prophylaxis. Serum albumin < 3 gm/dL (protein
supplements, entero feedings, total parenteral nutrition, megastrol acetate 40 A 400 mg daily). “Utilize IV
antibiotics, aggressive pulmonary toilet.

increased lossesof proteininthediaysateand A number of inpatient clinical settings fur-
volume expansion attributable to decreased ther increase the risk for PD-related compli-
UF. High-transport patients havelower serum cations (Table 9): CHF, cellulitis or sepsis,
albumin concentrations even at one month acute M1, ischemic heart disease or unstable
into CAPD and the serum albumin remains angina. Recovery following laparoscopic
lower at 2 yearson CAPD. cholecystectomy, coronary revascularization,
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amputation, heart valve surgery, recent ex-
tubation are all considered as compounding
highrisk transition periodsfor patientson PD.
Specific parameters should be followed in
these patients, and glucose control, dialysis
prescriptions, and nutritional support adjusted
to meet the ongoing demands. It is essential
that the clinician anticipate problems and
structure care to prevent problems from de-
veloping in high-risk clinical settings.

Patients admitted to the hospital should
have special attention given to effectivesolute
removal and volume control. These patients
may need significantly longer times on auto-
mated therapy, particularly if they are hyper-
catabolic. Ideally, the BUN to albumin ratio
should decrease < 17 through aggressive di-
alysis. Patientswith serum albumin levels< 3
g/dL should undergo enteral feedings or ag-
gressive ora supplementation. Patients are
not compliant in taking daily protein supple-
ments in the hospital for a multitude of rea-
sons and therefore, enteral feeding is prefer-
able. Total parenteral nutrition may beutilized
if the Gl tract is not functional. Volume con-
trol isespecially important in patients postop-
eratively, especially those who have limb sur-
gery. Edemain alimb or in the inguinal area
may increase the risk for wound dehiscence
and secondary bacterial infection. Aggressive
UF should occur to decrease peripheral edema
and maintain effective respiratory status. Di-
alysis patients (especially diabetics) have a
significantly higher rate of reintubation than
standard individuals.

Impaired pulmonary oxygenation in dia-
betic patients undergoing coronary artery by-
pass grafting (CABG) can be a worrisome
problem because of various structural and/or
functional abnormalitiesof thelung in diabet-
ics [96]. Pulmonary diffusion capacity and
pulmonary capillary blood volume are com-
promised in patients with diabetes periopera-
tively. The pulmonary capillary wedge pres-
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sureisthe variable that has the greatest effect
on pulmonary function in the nondiabetic
group. Low FIO2 and high central venous
pressure areindicators of pulmonary compro-
mise. The alveolar arterial oxygen (A-aPOy)
gradient and respiratory index are more ab-
normal postoperatively in diabeticsthan non-
diabetics at similar volume levels. Therefore,
smaller elevations above normal in wedge
pressure or central venous pressure above
normal in adiabetic patient may significantly
increase the risk for pulmonary failure and
need for reintubation. Effective UF in main-
taining low capillary wedge pressureisessen-
tial to optimizing the A-aPO; gradient.

Impaired ventilatory response to carbon di-
oxide in CRF patients has grave implications
in the intensive care unit. Optimally-dialyzed
PD patients demonstrate definite improve-
ment in the ventilatory responseto CO,. CRF
patients have a poorly-responsive ventilatory
control system, which makes them more dif-
ficult to wean from mechanical ventilation,
making them even more vulnerable to distur-
bances in blood gas homeostasis and sub-
sequent respiratory arrest. Reintubation adds
significant risk to overall mortality periopera-
tively.

Summary

ESRD patients treated with PD have the
potential to develop serious complications
across a broad spectrum of organ systems.
While many complications are directly re-
lated to dialysisitself, anumber are dueto the
uremic state unaffected by the specific dia-
lytic modality. Because of the overall risk for
CRF patientson dialysisto undergo hospitali-
zation, steps taken to avoid admission are
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crucial. High-risk patient groups have been
identified and warrant closer follow up in the
outpatient setting. Specific medical problems
which increase the risk of hospitalization
should be aggressively treated. Patients ad-
mitted either emergently or electively should
be closely followed in the hospital, and ag-
gressivedialysisfor solute and water removal
implemented along with supplemental nutri-
tional support if indicated. Preventive strate-
giesbothintheoutpatient andinpatient arenas
can significantly decrease morbidity and op-
timize overall long-term survival.
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