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Introduction

Progression to end-stage renal disease
(ESRD) is characterized by the disruption of
a number of biological functions, including
fluid and electrolyte balance, intermediate
metabolism, and endocrine, neurological, he-
matological, cardiovascular, gastrointestinal,
cutaneous and   ophthalmologic functions.
This brings about a large and characteristic
cohort of clinical manifestations that consti-
tute the uremic syndrome. Uremia starts to
declare itself to patient and physician when
renal function drifts below 30%. However,
individual manifestations do not appear si-
multaneously, but rather depend on the degree
of loss of glomerular filtration rate (GFR); on
the concomitance or pre-existence of other
pathologies such as diabetes mellitus (DM),
coronary artery disease (CAD), and periph-
eral vascular disease (PVD); and on the indi-
vidual predisposition of a patient. The follow-
ing review of the clinical manifestations and
management of the uremic syndrome is lim-
ited to the period preceding the institution of
renal replacement therapy (RRT).

Water and Electrolyte
Balance

Water Balance

Progressive loss of the structural integrity
of the nephrons and anatomical derangement
of the renal medulla causes loss of renal re-
sponsiveness to anti-diuretic hormone
(ADH). This, along with the increased single-
nephron GFR and the increased filtered load
of solutes such as urea, impairs the renal con-
centrating and diluting functions. Under these
conditions, the urine approaches isosthenuria,
i.e. urine osmolality equal to that of serum,
and the solute excretion becomes the main
determinant of water excretion. The practical
consequence of this phenomenon is that pa-
tients with advanced renal insufficiency are at
risk of developing either dehydration and hy-
pernatremia, or water intoxication and hy-
ponatremia, when water intake is less or more,
respectively, than mandated by the solute
load.

Sodium (Na+) Balance

Na+ load per nephron increases as renal
function is progressively lost, and both hu-
moral and renal tubule adaptative mecha-
nisms are activated to decrease tubular Na+

reabsorption and to maintain Na+ balance. In
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advanced renal insufficiency, excessive Na+

intake tends to cause Na+ retention and vol-
ume overload because of the preexisting
maximal or close-to-maximal depression of
renal tubule reabsorption. Conversely, the
ability to lower Na+ excretion during Na+

restriction is hindered by the increased os-
motic diuresis per nephron. Thus, patients
with advanced renal insufficiency tend to de-
velop volume overload or volume depletion,
respectively, when the dietary Na+ intake is
excessively large or small.

Potassium (K+) Balance

As is the case with Na+, the K+ load per
nephron increases in advanced renal failure.
Differently from Na+, however, K+ balance is
maintained primarily by changes in tubular
secretion rate. This is accomplished primarily
by activation of the renin-angiotensin system
and consequent increased distal tubular K+

excretion. Large intestine excretion of K+ is
also responsive to this hormonal system, and
it contributes some to the maintenance of K+

homeostasis in chronic renal failure (CRF).
The importance of the renin-angiotensin-al-
dosterone axis in the maintenance of K+ bal-
ance is underscored by the observation that
CRF patients with anatomic damage of the
juxtaglomerular apparatus and with hyporen-
inemic hypoaldosteronism frequently experi-
ence hyperkalemia. Even when this hormonal
system is normally functional, patients with
CRF usually do not tolerate excessive dietary
K+ intake or the use of β-adrenergic receptor
agonists, nonselective beta blockers (which
impair K+ entry into cells), nonsteroidal anti-
inflammatory drugs (NSAIDs), angiotensin-
converting enzyme (ACE) inhibitors, and K+-
sparing diuretics (which impair tubular K+

excretion).

Intermediate Metabolism

Protein Metabolism and Calorie
Requirement

The minimum daily protein requirement of
moderately active healthy adults in energy
balance is commonly set at 0.6 g/kg/day of
high  biological value proteins. In Western
postindustrial societies, the average protein
intake is higher than 1 g/kg/day and includes
a large proportion of high biological value
proteins. Healthy individuals tolerate this ex-
cess of proteins relatively well due to bio-
chemical pathways that dispose of surplus
amino acids. Conversely, patients with ad-
vanced renal insufficiency cope poorly with
excessive protein intake. Inability to dispose
of the degradation products derived from ex-
cess protein intake leads to accumulation of:
(1) nitrogen moieties that contribute to uremic
symptoms, (2) titratable acid leading to meta-
bolic acidosis, (3) phosphates with secondary
hyperparathyroidism, and (4) Na+ with vol-
ume expansion and arterial hypertension. An
increased renal load of osmotically active
moieties and phosphates is also believed to
accelerate the progressive loss of renal func-
tion. Additionally, recent observations indi-
cate that unrestricted protein intake is harmful
for patients with the nephrotic syndrome, as it
seems to worsen these individuals’ prote-
inuria and hypoalbuminemia.

For these reasons, protein-restricted diets
have been utilized for > 3 decades in the
management of patients with CRF [1, 2]. The
soundness and safety of this practice has been
corroborated over the years by a large body of
clinical observations and experimental stud-
ies which show:

– protein-restricted diets do indeed prevent
or ameliorate many symptoms and com-

Chapter I - Clinical Nephrology and Hypertension

2



plications of CRF and they might slow
the progressive loss of renal function;

– the rates of amino acid metabolism and
the energy expenditure of nonacidotic
patients with CRF are not different from
those of healthy controls, both at rest and
during exercise [3, 4]; and

– normal subjects and patients with CRF
are equally able to achieve neutral nitro-
gen balance when fed low amounts of
high biological value proteins (0.6 g/kg
body weight/day), as long as they are
provided with adequate amounts of ener-
gy (≥ 35 kcal/kg/day) [5].

Despite these findings, most studies of pa-
tients on dialysis indicate that these individu-
als are malnourished [6, 7] and that malnutri-
tion often antedates the dialysis therapy [8].
This is of major concern since malnutrition at
the onset of ESRD is a potent predictor of
increased morbidity and mortality, as shown
in studies with up to 5 years of follow-up [9,
10]. Protein and/or energy intake below the
thresholds given above are important contrib-
uting factors [11], because it is known that
patients with GFR below 25% tend to suffer
from anorexia [12]. In addition, It is believed
that accelerated protein catabolism may be as
important in promoting malnutrition. Condi-
tions that promote protein degradation during
advanced renal insufficiency include

– inadequate energy intake in concomitan-
ce with a protein-restricted diet, because
patients with CRF are unable to adapt to
low protein diets when the caloric intake
is < 35 kcal/kg/day;

– metabolic acidosis, which starts to deve-
lop with a GFR < 40 mL/min [13];

– depressed anabolic effect of insulin on
muscle protein synthesis; and

– chronic inflammatory conditions with in-
creased pro-inflammatory cytokine acti-
vity.

Treatment

Protein restriction should be implemented
in those patients who are motivated and capa-
ble of following the rather stringent rules of
this diet. The goals of nutritional therapy are
to prescribe a diet sufficient to prevent malnu-
trition, to diminish the accumulation of ni-
trogenous waste and metabolic disturbances
characteristic of uremia, and to slow the pro-
gression of  renal failure. Protein intake is
determined based on the degree of renal insuf-
ficiency, the presence of progressive renal
failure, the level of proteinuria, the presence
of diabetic nephropathy, and the concomitant
use of glucocorticoids.

Lipid Metabolism

Abnormal serum lipid and lipoprotein con-
centrations are present early in patients with
CRF and are only marginally affected by the
degree of renal failure and by the use of dialy-
sis. This metabolic abnormality is a likely
important contributor to the high incidence of
atherosclerosis and cardiovascular disease in
the CRF population. Although total choles-
terol is frequently normal, the serum concen-
trations of low-density lipoproteins (LDL)
and high-density lipoproteins (HDL) choles-
terol tend to be high and low, respectively.
Triglyceride levels are often elevated, due to
low lipoprotein lipase activity and impaired
conversion of very-low density lipoproteins
(VLDL) to LDL. Low activities of lipoprotein
lipase, hepatic triglyceride lipase and lecithin
cholesterol acyltransferase result in accumu-
lation of intermediate density lipoproteins
(IDL) and reduction of HDL. Factors such as
insulin resistance or deficiency, hyperpa-
rathyroidism, carnitine deficiency, and altered
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lipoprotein content of the VLDLs have been
proposed as contributors to the decreased li-
pase activity. Recently, several groups have
reported the frequent occurrence of high lev-
els of lipoprotein(a) (Lp(a)) and of oxidized
lipid moieties in the circulation of patients
with ESRD [14 – 16] and CRF [17]. The
observation that both Lp(a) and oxidized lip-
ids contribute to cardiovascular disease in
subjects with normal renal function justifies
the recent interest in the possible role of these
factors in the progression of atherosclerosis in
renal patients. Interestingly, high blood levels
of both Lp(a) and oxidized lipids are favored
by increased oxidative stress and chronic in-
flammation, conditions that frequently occur
in CRF patients.

Treatment

Because accelerated atherosclerosis and
cardiovascular disease are the leading cause
of morbidity and mortality in patients with
CRF, prophylactic treatment of these condi-
tions should be considered in patients with
chronic renal insufficiency. Unfortunately,
very limited information is currently available
on the effectiveness of long-term lipid reduc-
tion therapy in this patient population, and
most of the practices in this area are based on
clinical trials in populations without renal dis-
ease. In general, these patients should be in-
structed to follow the American Heart Asso-
ciation step 1 diet, which provides < 30% of
total calories from fat and < 10% of total
calories from saturated fat. Also, all patients
are urged to achieve desirable body weight
and to maintain cardiovascular fitness with
daily exercise. Pharmacological intervention
with β-hydroxy-β-methyl glutaryl coenzyme
A (HMG-CoA) has been proposed for indi-
viduals with LDL persistently > 140 mg/dL

[18]. Gemfibrozil can also be used with pro-
nounced lowering effects on the triglycerides
and some modest effect on LDLs [19]. The
practice of prescribing antioxidants such as
high dose α-tochopherol is gaining popularity
to reduce oxidative stress and ameliorate the
chronic inflammation seen in these patients.
However, high-dose ascorbic acid (vitamin C)
should be avoided because of the tendency of
this moiety to be converted to oxalic acid,
resulting in oxalosis.

Carbohydrate Metabolism

Moderate and advanced renal insufficiency
is associated with glucose intolerance, caused
in part by acquired resistance of the target
organs to the insulin action. In these patients,
normal binding of insulin to its receptor is not
followed by adequate activation of the postre-
ceptor pathways that mediate this hormone’s
cellular actions. An additional cause of glu-
cose intolerance in renal insufficiency is the
abnormal pancreatic release of insulin in re-
sponse to glucose. Secondary hyperparathy-
roidism contributes to the latter abnormality
because PTH increases intracellular levels of
calcium. These metabolic aberrances may re-
quire the institution of exogenous insulin ther-
apy in patients with noninsulin-dependent
(Type II) DM who develop moderate renal
insufficiency. Paradoxically, the insulin re-
quirement of diabetics with renal insuffi-
ciency tends to decrease as the renal function
falls below 20%, due to reduced renal degra-
dation of proinsulin, C-peptide, and both en-
dogenous and exogenous insulin, resulting in
higher blood levels of these peptides.
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Immunity, Inflammation
and Oxidative Stress

Both humoral [20, 21] and cellular immu-
nity [22] are compromised as renal function
is progressively lost [23]. This acquired im-
munodeficiency state contributes to increased
infection risk [24], anergy, poor response to
vaccines, and decreased autoimmune disease
activity. Paradoxically, this immunodefi-
ciency state is associated with sustained acti-
vation of several cell types that participate in
the host defense, including the monocytic cell
line [25]. Activated monocytes and macro-
phages are integral elements of the smolder-
ing multifactorial inflammatory state that is
often detected in renal failure patients. This
develops early in the course of renal failure
and is characterized by the presence of high
circulating levels of C-reactive protein (CRP)
[26, 27], lipopolysaccharide binding protein
[28], interleukins IL-1β and IL-6, and tumor
necrosis factor-α (TNF) [29, 30], as well as
the presence of cytokine-specific inhibitors,
including interleukin-1 receptor antagonist
(IL-1Ra) and tumor necrosis factor soluble
receptors (TNFsRs) [31]. This chronic  in-
flammatory state is intimately linked to in-
creased monocytic and neutrophilic produc-
tion of reactive oxygen species. Since both
exogenous and endogenous antioxidants such
as α-tocopherol [32, 33], ascorbic acid [34],
superoxide dismutase [35], and the glutathion
system [36] are decreased in CRF, the high
production of reactive oxygen species results
in oxidative damage and further stimulates
inflammation [37 – 39]. Indeed, markers of
lipid and protein oxidation are elevated in
advanced chronic renal insufficiency [40 –
42]. During the last decade, evidence has ac-
cumulated to suggest that inflammation and
oxidative stress contribute substantially to the

high morbidity and mortality of renal failure
patients by promoting anorexia, wasting, mal-
nutrition [43, 44], accelerated atherosclerosis
[45] and premature cardiovascular disease [46].

Treatment

Prospective studies demonstrating the
safety, efficacy, and cost effectiveness of
measures aimed at identifying and treating
inflammation and oxidative stress in the renal
failure population are lacking. Based on the
currently available evidence, the measure-
ment of CRP seems a reasonable test to survey
patients with chronic renal disease for signs
of chronic inflammation and oxidative stress.
High levels should prompt a search for poten-
tially correctable causes, such as infections,
drug allergies, autoimmune disease, and can-
cer. Also, a therapeutic trial with antioxidants
may be considered.  Alpha-tocopherol is  a
good candidate since it is a potent dietary
antioxidant, its level is low in renal failure
patients, and it does not present any specific
toxicity for the renal failure population.
Ascorbic acid has a synergistic effect with
α-tocopherol in its antioxidant activity. How-
ever, prudence should be exercised, since it is
converted tooxalicacidand maycauseoxalosis.

Endocrine Systems

Divalent Ion, Parathyroid
Hormone (PTH) and Vitamin D
Metabolism

Early signs of altered mineral homeostasis
can be detected in most patients with 50%
reduction of GFR, although the laboratory
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and clinical signs become obvious in all pa-
tients when the GFR is < 25 – 30%. During
progressive loss of renal mass, the remaining
functional tissue adapts by decreasing tubular
reabsorption of ultrafiltered phosphorus (Pi),
leading to increased single-nephron excretion
of this ion. In advanced renal failure, the frac-
tional excretion (FE) of Pi can be as high as
90% [47, 48]. This compensatory mechanism
allows maintenance of adequate renal Pi
clearance until the GFR is < 20 – 25 mL/min,
at which point the residual renal mass is often
unable to handle the normal dietary intake of
Pi and hyperphosphatemia develops. Serum
calcium (Ca) declines progressively in mod-
erate and advanced renal insufficiency, due in
part to the formation of Ca-Pi products (see
above), but mostly because of progressive
development of calcitriol deficiency and of
target-organ resistance to this hormone, lead-
ing to inadequate intestinal absorption of Ca.
The calcitriol deficiency is caused primarily
by the progressive loss of renal mass, which
is essential for the production of calcitriol, and
also by the inhibitory effect of hyperphos-
phatemia on the renal production of this hor-
mone. Hyperphosphatemia, hypocalcemia
and calcitriol deficiency are stimuli to the
production of PTH, and they all contribute to
the development of secondary hyperparathy-
roidism. The clinical consequences of these
divalent ion and hormonal abnormalities are
secondary hyperparathyroidism, renal
osteodystrophy, and soft tissue calcifications
[49]. Hypocalcemia develops slowly and it
becomes symptomatic (muscle twitching or
frank tetany) almost exclusively associated
with an abrupt rise of systemic pH, which in
turn causes a fall in ionized Ca. Soft tissue
calcifications usually occur when the Ca-Pi
product (both expressed in mg/dL) exceeds 70
and they affect primarily the blood vessels,
skin, cornea, and periarticular tissues.
Pseudo/gout, i.e. intraarticular deposition of

Ca pyrophosphate crystals, with clinical
manifestations indistinguishable from those
of gout, can occur in patients with advanced
renal insufficiency. High blood levels of PTH
and skin deposition of Ca-Pi products are
important contributors to the development of
pruritus. Prior to the diagnosis of ESRD, renal
osteodystrophy is most often asymptomatic,
although the most severe cases of secondary
hyperparathyroidism are associated with
early onset of bone pain and skeletal deform-
ities. Additionally, patients with severe secon-
dary hyperparathyroidism have a high rate of
bone turnover with excess release of Pi from
bone, which can contribute substantially to
the maintenance of hyperphosphatemia.

Treatment

In patients with moderate to severe renal
insufficiency, serum Pi should be maintained
at 4.0 – 5.5 mg/dL. Reductions of Pi intake to
10 mg/kg/day, which is implemented primar-
ily to slow the progression of the renal failure,
contribute   to   the control of hyperphos-
phatemia. Small amounts of Pi binders are
often required once the GFR is below 25%.
Ca acetate and Ca carbonate are the most
popular choices [50]; aluminum-containing
Pi binders should be avoided even at this stage
of renal disease. Organic polymer-based
phosphate binders have been tested success-
fully, and they were recently introduced to the
market [51]. Serum Ca levels should be main-
tained in the normal range. Intake of Ca-con-
taining Pi binders with meals inevitably re-
sults in intestinal absorption of small amounts
of Ca. Serum Ca levels > 10.0 mg/dL should
be avoided to prevent further deterioration of
renal function. When serum Ca is low and Pi
is normal, Ca salts can be given between
meals to increase Ca absorption without inter-
fering with the absorption of dietary Pi. Cir-
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culating intact PTH should be checked once
yearly to rule out the presence of advanced
secondary hyperparathyroidism. If PTH is >
3-fold above the upper limit of normal, ther-
apy with calcitriol should be started at the low
dose of 0.125 µg/day. This calcitriol dose is
effective at reducing circulating PTH without
causing deleterious effects such as hypercal-
ciuria, hypercalcemia or loss of renal function
[52, 53]. Hypercalcemia is a rare event in the
predialysis population, and it should be
avoided to prevent further renal damage.

Reproductive System

Dysfunction of the hypothalamic-pituitary-
gonadal axis becomes clinically apparent with
a GFR < 20 mL/min. Men and women are
affected alike, although the deficiency is more
obvious in men. In both genders, sexual desire
and activity are inversely proportional to the
severity of uremia [54]. Indifference to sexual
activity can develop with advanced renal fail-
ure. In women, menstrual irregularities con-
sistently follow the deterioration of the renal
function. Oligomenorrhea occurs with GFR <
15 ml/min and amenorrhea occurs once the
GFR is below 5 ml/min. In men, decreased
libido and performance develop as the renal
function deteriorates and impotence is present
in as many as 56% of men with ESRD [55].
The testicles are soft and atrophic, and sper-
matogenesis is impaired or absent. Gyneco-
mastia occurs more often after dialysis is
started. Adolescents suffer from delayed pu-
berty with retardation of skeletal growth. The
pathogenesis of these abnormalities seems to
be related to direct or indirect effects of ure-
mia on both the hypothalamic-pituitary sys-
tem and on the gonads. The roles of anemia,
zinc deficiency and secondary hyperparathy-
roidism have been reported. Relatively fre-

quent issues that come up in young women
with renal disease are the counseling and man-
agement of pregnancy. Pregnancy outcome is
90% successful in women with a serum creat-
inine < 1.5 mg/dL [56, 57]. When the serum
creatinine  is > 1.5 mg/dL, the therapeutic
abortion rate is 13 – 24% [58, 59], and 56 –
63% of deliveries are preterm, mostly due to
worsening renal function, hypertension,
abruptio placentae, and fetal distress [60, 61].
Fetal survival ranges from 60 – 92% with
highest frequencies in the most recent reports
[62]. The presence of maternal hypertension
seems to substantially affect the fetal out-
come, since preterm birth and growth retarda-
tion are more common in hypertensive than
normotensive women [63]. Recent progress
in medical and pharmacologic management
of mother and fetus may continue to improve
the  fetal outcome  in  women  with  chronic
renal insufficiency and hypertension.

Growth Hormone System

Growth hormone and the radioimmunoas-
sayable levels of the insulin-like growth fac-
tors (IGFs) are elevated in renal failure. How-
ever, the bioassayable levels of the IGFs are
low due to the presence in the uremic serum
of low-molecular-weight inhibitors of the
IGFs. This accounts for the stunted growth of
children with renal insufficiency, which re-
sponds favorably to exogenous administra-
tion of recombinant human growth hormone.

Thyroid Hormone

Total thyroxine (T4), free thyroxine index
(FTI), total triiodothyronine (T3) and free tri-
iodothyronine index tend to be low in renal
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failure while the reverse T3 level is normal.
Despite these hormonal abnormalities, the
thyroid-stimulating hormone (TSH) and the
basal metabolic rate are normal.

Hematology

Hematopoietic System

The hemoglobin concentration in azotemia
has roughly the same prognostic significance
as the creatinine level [64]. In over 90% of the
patients with CRF, the hematocrit (HCT)
starts to fall when the creatinine clearance
reaches 30 – 35 mL/min. Exceptions are pa-
tients with polycystic kidney disease (PKD),
acquired multicystic disease, hypertensive
nephrosclerosis, and some diabetics who can
maintain normal HCTs well into end-stage
renal disease (ESRD). The anemia is usually
normochromic and normocytic. The most im-
portant factor by far in the development of
anemia is the decreased production of
erythropoietin, which normally regulates the
bone marrow erythrocyte production. Other
factors include:

– resistance to erythropoietin due to defi-
ciency of iron or folic acid; reticuloen-
dothelial blockade from infections, can-
cer and inflammatory states [65 – 68];
myelofibrosis; aluminum intoxication
[69]; bone marrow fibrosis secondary to
severe hyperparathyroidism [70, 71];

– shortened erythrocyte life span [72] and
possibly neocytolysis [73]; and

– occult bleeding.

Anemia has a profound effect on these pa-
tients’ general well being and on the perform-
ance of their cardiovascular and central nerv-

ous systems. Anemia results in progressive
reduction of activity and energy level and of
exercise tolerance [74]. This is associated
with left ventricular dilatation and diastolic
dysfunction [75]. Additionally, anemia causes
deterioration of the cognitive function and
contributes to the neurobehavioral syndrome
of uremia that is characterized by confusion,
inability to concentrate, decreased mental
alertness and impaired memory [76, 77]. The
association between anemia, intractable
pruritus, and high circulating histamine con-
centration was reported in a subset of CRF
patients [78]. Anemia has also been impli-
cated in the impairment of sexual function
that is common in patients with CRF [79].

Treatment

The mainstay of anemia management is the
systemic administration of recombinant hu-
man erythropoietin (rHu-Epo) with concomi-
tant adequate support of iron stores. RHu-Epo
is started when the HCT drops below 30%. A
starting dose of 100 – 150 U/kg 3 times/week
achieves HCTs > 35% within 4 weeks. The
dose is subsequently adjusted to approxi-
mately 25 U/kg once weekly, based on indi-
vidual response [80]. Initiation of rHu-Epo
therapy must be preceded by assessment of
iron stores. Iron should be replaced to main-
tain the transferrin saturation > 16% and fer-
ritin > 80 µg/L. In resistant cases, occult blood
loss, hemolysis, inflammation, infection, ma-
lignancy, aluminum toxicity, vitamin B12 and
folate deficiency, myelofibrosis, red cell en-
zyme defect and hemoglobinopathies should
be considered and corrected [81]. Nephrec-
tomy of failed allografts, empiric treatment
with broad spectrum antibiotics, and a cycle
of steroids may be considered [82].
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Coagulation System

The bleeding tendency is characterized by
prolonged bleeding time, and it is rarely of
clinical consequence before the GFR falls be-
low 15%. The pathogenesis relates to dys-
function of platelet aggregability, but also to
abnormal function of the vascular endothelial
wall, to aberrant interaction of platelets and
endothelium and to the anemia. Treatment of
the bleeding diathesis is required before sur-
gical procedures and during active bleeding.
Correction of concomitant anemia with trans-
fusions or rHu-EPO injections are often effec-
tive at shortening the bleeding time. 1-
deamino-8-D-arginine (DDAVP), either 0.3
µg/kg intravenously (IV) or 3 mg/kg in-
tranasally, restores hemostasis within 30 –
120 minutes and for as long as 8 hours, al-
though repeated administration quickly  re-
sults in tachyphylaxis. Transfusions of cryo-
precipitate are effective for 12 – 18 hours from
the time of infusion, but they carry a risk of
transmitting viral infections. Conjugated es-
trogens (0.6 mg/kg/day for 5 days) correct
hemostasis one day after administration and
last for up to 2 weeks.

Cardiovascular System

Systemic Hypertension

Hypertension is the initial cause of renal
disease in approximately 3% of Caucasians
and 16% of  African-Americans with  CRF
[83]. Conversely, hypertension develops in
virtually all cases of CRF secondary to
glomerular and renal small vessel disease, and
in 40 – 70% of the cases secondary to tubu-
lointerstitial disease. Hypertension is one of

the earliest manifestations of chronic renal
insufficiency, since it is diagnosed even with
minimal loss of renal function and can pre-
cede the onset of most signs and symptoms of
uremia by many years. Hypertension of renal
disease accelerates the progression of the al-
ready present renal damage and the develop-
ment of congestive heart failure (CHF), CAD,
and cerebrovascular disease. The major fac-
tors involved in the pathogenesis and mainte-
nance of hypertension in CRF are salt and
water retention, enhanced activity of the
renin-angiotensin system, and increased sym-
pathetic tone. Other possible contributors are
the decreased production of the endothelium-
relaxing factor nitric oxide and the presence
in the circulation of inhibitors of the Na-K-
ATPase pump.

Treatment

Treatment of hypertension is essential in
CRF, because it slows down the progression
of the renal damage and decreases morbidity
and mortality. The definition of satisfactory
blood pressure control in renal failure is not
well established, although the Joint National
Committee on Detection, Evaluation and
Treatment of High Blood Pressure (JNC VI)
recommends controlling the blood pressure to
130/85 mmHg (mean arterial pressure (MAP)
100 mmHg) in individuals without prote-
inuria and to 125/75 (MAP 92 mmHg) in
individuals with > 1 g/day of proteinuria [84].
The management of the hypertension of CRF
presents 3 major challenges:

– hypertension is often severe and difficult
to control, thus requiring the use of ≥ 2
medications;

– the choice of the antihypertensive agents
must take into account the coexistence of
several medical conditions that can be
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exacerbated by antihypertensive therapy,
including DM, dyslipidemias, LVH, and
accelerated atherosclerosis; and

– the pharmacology of many antihyperten-
sive agents is altered in renal failure, of-
ten leading to special posology require-
ments, to altered type and frequency of
side effects as compared to the normal
renal function population, and in some
instances to outright contraindication of
their use.

Nonpharmacologic intervention should in-
clude restriction of sodium chloride intake to
< 6 g/day (100 mmol of elemental Na+), daily
moderate exercise, and weight reduction.
Pharmacologic intervention often starts with
a diuretic which, for GFR < 50%, should
always be a loop diuretic. For these levels of
compromise in renal function, the thiazides
should be used only as an adjunct to loop
diuretics in the rare cases of resistance to loop
diuretics. Angiotensin-converting enzyme
(ACE) inhibitors and angiotensin II (Ang II)
receptor blockers have been shown to have
renal protective effects. When tolerated, they
can be either added to the diuretic or used as
first-line agent. When ACE inhibitors and
Ang II receptor blockers are not tolerated, the
calcium channel blockers are a good alterna-
tive. The nondihydropyridine calcium chan-
nel blockers (verapamil and diltiazem) seem
to have renal protective effects of somewhat
lesser magnitude than the ACE inhibitors,
although not all studies have reported this
effect. Conversely, the dihydropyridine cal-
cium channel blockers (nifedipine, amlodip-
ine, felodipine, isradipine, and nicardipine)
appear to be neutral in terms of renal-protec-
tive effects. Beta-blockers are a good alterna-
tive to ACE inhibitors, Ang II receptor block-
ers, and calcium channel blockers. The selec-
tion of a beta-blocker should try to match the
pharmacologic features of the individual drug

with each patient’s special needs. Beta-block-
ers with intrinsic sympathetic activity (Table
1) can be prescribed in the attempt to mini-
mize unwanted effects on lipid metabolism
and exercise  tolerance. Beta-blockers  with
poor lipid solubility can be chosen to mini-
mize diffusion in the nervous system and the
occurrence of central nervous system (CNS)
side effects. β1-selective blockers should be
prescribed when the presence of CAD is
documented or strongly suspected. Beta-
blockers with extensive hepatic elimination
can be used when toxicity due to excess accu-
mulation is a concern. Central alpha agonists
(clonidine) and peripheral alpha-adrenergic
receptor blockers (terazosin and doxazosin)
are effective third-choice antihypertensives.
Minoxidil and hydralazine are potent periph-
eral vasodilators that are often effective in
cases of tenaciously resistant hypertension.

Cardiac Function

Congestive heart failure (CHF) is often pre-
sent in patients with advanced renal insuffi-
ciency. Ischemic heart disease, hypertrophic
and/or dilated cardiomyopathy are frequently
present and should be managed with the same
diagnostic and therapeutic principles that ap-
ply to cardiac patients with normal renal func-
tion. Manifestations of CRF that often partici-
pate in the development and/or exacerbation
of CHF are hypertension, anemia, fluid over-
load, and electrolyte abnormalities including
hyperkalemia, hypocalcemia, and acidosis.
These should be carefully looked for and ag-
gressively treated and prevented. Uremia per
se is believed to affect myocardial contractil-
ity,  the most convincing evidence coming
from the incidental observation of improved
cardiac  function after  renal transplantation
and from animal studies [85]. Disturbances of
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the cardiac rhythm are relatively frequent in
renal insufficiency and are mostly related to
electrolyte imbalance (hyperkalemia, hyper-
magnesemia, hypocalcemia, acidosis) or to
drug toxicity (digoxin, procainamide, renally-
excreted β-blockers). Pericarditis used to oc-
cur in about half of the patients who died from
uremia before the advent of dialysis. Cur-
rently, this condition is much less frequent and
is almost always detected once ESRD is
reached. Uremic pericarditis in advanced re-
nal insufficiency is a fibrinous inflammatory
process. Onset of pericarditis is in itself an
indication for initiation of chronic RRT.

Neurologic System

Peripheral Neuropathy

Peripheral neuropathy develops early in
chronic renal insufficiency, and abnormalities
of the nerve conduction velocity test are often
detected much earlier than the onset of symp-
toms. The onset of symptoms is insidious but
very frequently present once the GFR is < 30
mL/min. Peripheral neuropathy is symmetri-
cal, insidious in onset, and slowly progres-
sive. It begins distally and spreads proximally,
with the lower extremities being affected first.
It is sensorimotor, with the sensory involve-
ment preceding the motor involvement. It is
indistinguishable  from diabetic neuropathy

Table 1. Pharmacological Properties of Beta-blockers. Modified from [88]

Drug Trade β1- Intrinsic Symp. d Lipid Renal Dose
name Selectivity Activity Blockade Solubility Elimination

Acebutolol Sectral + + – ++ 0 200 – 800 qd

Atenolol Tenormin ++ – – – 100 12.5 – 25 qd

Betaxolol Kerlone ++ 0 – – 0 5 – 20 qd

Bisoprolol Zebeta ++ 0 – ++ 50 2.5 – 5 qd

Carteolol Cartrol 0 + – – 100 1.25 – 2.5 qd

Carvedilol Coreg – 0 + ++ 10 12.5 – 50 bid

Celiprolol Selectol ++ + – – 50 200 – 400 qd

Labetalol Normodyne – + + +++ 60 200 – 1200 bid

Metoprolol Lopressor ++ – – +++ 0 50 – 200 bid

Nadolol Corgard – – – – 100 40 – 320 qd

Penbutolol Levatol – + – +++ 0 10 – 20 qd

Pidolol Visken – +++ – ++ 40 10 – 60 qd

Propranolol Inderal LA – – – +++ 0 40 – 480 qd

Timolol Blocadern – – – – 20 20 – 60 bid

qd = daily, bid= twice daily
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and the 2 very often overlap. Loss of 2-point
discrimination, vibratory perception, and
paresthesias are common. When the GFR is <
15 mL/min, the restless-leg syndrome can
occur, with sensations of crawling, prickling
and pruritus that worsen with rest and in the
evening and improve with movement. The
burning-feet syndrome is less frequent and
characterized by tenderness and sensation of
swelling of the lower extremities. The motor
deficit occurs later and is characterized by loss
of deep tendon reflexes, weakness of dorsi-
flexion of the feet, limb weakness, and un-
steady gait. The neurological deficit is only
partially reversed by RRT, with Wallerian de-
generation and neuron loss accounting for the
irreversible component of the syndrome.
Presence of severe peripheral neuropathy is
an indication for initiation of RRT, since pro-
crastination can result in irreversible damage.
Low dose tricyclics (e.g. amytriptiline) are
moderately effective. The author has had fa-
vorable anecdotal experience prescribing the
anticonvulsant gabapentin  for treatment of
symptoms related to peripheral neuropathy
[86, 87].

Autonomic Dysfunction

The most frequent and troublesome mani-
festation is gastroparesis, which overlaps with
diabetic gastroparesis. Other manifestations
are orthostatic hypotension, impaired sweat-
ing and abnormal response to the Valsalva
maneuver.

Uremic Encephalopathy

Patients with GFR < 20 mL/min can de-
velop symptoms of reduced general cerebral
activity with disturbances of mentation and

cognition. These symptoms are more frequent
and pronounced in the elderly, especially if
uremia is superimposed on preexisting or-
ganic damage of the brain. Frequent initial
symptoms are apathy, fatigue, confusion, nar-
rowed attention span, impaired memory, and
somnolence. The normal sleep pattern is often
affected with altered day-night rhythm. More
advanced symptoms, that usually occur with
GFR < 10 mL/min, are disorientation, irrita-
bility, inappropriate behavior, hallucinations,
delusion, anxiety, lethargy, stupor, and coma.
The latter more advanced symptoms are al-
most never experienced nowadays, because of
intervention with RRT.

References

[1] Giordano C 1963 Use of exogenous and endo-
genous urea for protein synthesis in normal and
uremic subjects. J Lab Clin Med 62: 231-246

[2] Govanetti S, Maggiore Q 1964 A low nitrogen diet
with proteins of high biological value for severe
chronic uremia. Lancet 1: 1000-1003

[3] Goodship THJ, Mitch WE, Hoerr RA 1990 Adap-
tation to low protein diets in renal failure: leucine
turnover and nitrogen balance. J Am Soc Nephrol
1: 66-75

[4] Monteon FJ, Laidlaw SA, Shaib JK, Koplle JD
1986 Energy expenditure in patients with chronic
renal failure Kidney Int 30: 741-747

[5] Kopple JD, Coburn JW 1973 Metabolic studies of
low protein diets in uremia: nitrogen and potassium
balance. Medicine 52: 583-595

[6] Blumenkantz MJ, Kopple JD, Gutman RA 1980
Methods for assessing nutritional status of patients
with renal failure. Am J Clin Nutr 33: 1567-1585

[7] Thunberg BJ, Swamy AP, Cestero RV 1981 Cross
sectional and longitudinal nutritional measure-
ments in maintenance hemodialysis patients Am J
Clin Nutr 34: 2005-2012

[8] Schneeweiss B, Graninger W, Stockenhuber F,
Druml W, Ferenci P, Eichinger S, Grimm G, Lag-
gner AN, Lenz K 1990. Energy metabolism in acute
and chronic renal failure. Am J Clin Nutr 52:
596-601

Chapter I - Clinical Nephrology and Hypertension

12



[9] Hakim RM 1994 Initiation of dialysis. Adv Neph-
rol 23: 295-309

[10] Leavey SF, Strawderman RL, Jones CA, Port FK,
Held PJ 1998 Simple nutritional indicators as in-
dependent predictors of mortality in hemodialysis
patients. Am J Kidney Dis 6: 997-1006

[11] Knochel JP 1991 Biochemical alterations in ad-
vanced uremic failure. In: Jacobson HR, Striker
GE, Klahr S (eds): The principles and practice of
nephrology. BC Decker, Philadelphia pp 682-689

[12] Ikizler TA, Greene JH, Wingard RL, Parker RA,
Hakim RM 1995 Spontaneous dietary protein in-
take during progression of chronic renal failure. J
Am Soc Nephrol 6: 1386-1391

[13] Schwartz WB, PW Hall, R Hayes, AS Relman 1959
On the mechanism of acidosis in chronic renal
disease. J Clin Invest 38: 39-49

[14] Docci D, Manzoni G, Bilancioni R, Delvecchio C,
Capponcini C, Baldrati L, Neri L, Feletti C 1994
Serum lipoprotein(a) and coronary artery disease
in uremic patients on chronic hemodialysis. Int J
Artificial Organs 17: 41-45

[15] Parra HJ, Madzour H, Cachera C, Dracon M,
Tacquet A, Fruchart JC 1987 Lp(a) lipoprotein in
patients with chronic renal failure treated with
hemodialysis. Clin Chem 33: 721

[16] Kronenberg F, Konig  P, Neyer U, Auinger M,
Pribasnig A, Lang U, Reitinger J, Pinter G, Uter-
mann G, Dieplinger H 1995 Multicenter study of
lipoprotein(a) phenotypes in patients with end-
stage renal disease treated with hemodialysis or
continuous ambulatory peritoneal dialysis. J Am
Soc Nephrol 6: 110-120

[17] Webb AT, Reaveley DA, O’Donnell M, O’Connor
B, Seed M, Brown EA 1993 Does cyclosporin in-
crease lipoprotein(a) concentrations in renal trans-
plant recipients? Lancet 341: 268-270

[18] Kopple J 1997 Nutritional management of non-dia-
lyzed patients with chronic renal failure. In: Kop-
ple JD, Massry SG (eds): Nutritional management
of renal disease. Williams and Wilkins, Baltimore
pp 479-531

[19] Expert panel on detection, evaluation and treat-
ment of high blood cholesterol in adults 1993 Sum-
mary of the second report of the national choles-
terol education program (NCEP) (Ault treatment
panel II) JAMA 269: 3015-3023

[20] Jordan MC, Rousseau WE, Tegtmeier GE, Noble
GR, Myth RG, Chin TDY 1973 Immunogenicity of
inactivated influenza virus vaccine in chronic renal
failure. Ann Int Med 79: 790-794

[21] Wilson WEC, Kirkpatrick CH, Talmage DW 1965
Suppression of immunologic responsiveness in
uremic patients. Ann Int Med 62: 1-14

[22] Beaurain G, Naret C, Marcon L, Grateau G,
Drueke T, Urena P, Nelson DL, Bach JF,
Chatenoud L 1989 In vivo T cell preactivation in
chronic uremic hemodialyzed and non-hemodia-
lyzed patients. Kidney Int 36: 636-644

[23] Descamps-Latscha B, Hebelin A 1993 Long-term
dialysis and cellular immunity: a critical survey.
Kidney Int 43: S135-142

[24] Kahn IH, Catto GRD 1993 Long-term complica-
tions of dialysis: infections. Kidney Int 43: S143-
S148

[25] Descamps-Latscha B, Hebelin A, Nguyen AT,
Roux-Lombard P, Zingraff J, Moynot A, Verger C,
Dahmane D, de Groote D, Jungers P, Dayers JM
1995 Balance between IL-1β, TNF-α, and their
specific inhibitors in chronic renal failure and
maintenance dialysis. Relationship with activation
markers of T cells, B cells, and monocytes. J Im-
munol 154: 882-892

[26] Kario K, Matsuo T, Kabayashi H, Matsuo  M,
Asada R, Koide M 1995 High lipoprotein(a) levels
in chronic hemodialysis patients are closely related
to the acute phase reaction. Thromb Haemost 74:
1020-1024

[27] Owen WF, Lowrie EG 1998 C-reactive protein as
an outcome predictor for maintenance hemodia-
lysis patients. Kideny Int 54: 627-636

[28] Pereira BJG, Sundaram S, Snodgrass B, Hogan P,
King AJ 1996 Plasma lipopolysaccharide binding
protein and  bactericidal/permeability increasing
factor in CRF and HD patients. J Am Soc Neph 7:
479-487

[29] Pereira BJG, Shapiro L, King AJ, Falagas ME,
Storm JA, Dinarello CA 1994 Plasma levels of
IL-1β, TNFα and their specific inhibitors in undia-
lyzed chronic renal failure, CAPD and hemodia-
lysis patients. Kidney Int 45: 890-896

[30] Hebelin A, Urena P, Nguyen AT, Zingraff J, Des-
camps-Latscha BP 1991 Elevated circulating lev-
els of interleukin-6 in patients with chronic renal
failure. Kidney Int 39: 954-960

[31] Pereira BJG, Shapiro L, King AJ, Falagas ME,
Storm JA, Dinarello CA 1994 Plasma levels of
IL-1β, TNFα and their specific inhibitors in undia-
lyzed chronic renal failure, CAPD and hemodia-
lysis patients. Kidney Int 45: 890-896

[32] Kopple JD, Swenseid ME 1975 Vitamin nutrition
in patients undergoing maintenance hemodialysis.
Kideny Int 7 (Suppl): 579-586

[33] Giardini O, Taccone-Gallucci M, Lubrano R, Ric-
ciardi-Tenore G, Bandino D, Silvi I, Paradisi C,
Mannarino O, Citti G, Elli M, Cascaini CU 1984
Effect of alpha-tocopherol administration on red
blood cell membrane lipid peroxidation in
hemodialysis patients. Clin Nephrol 21: 174-177

I.1
8

18  Fanti - Clinical Manifestations of Chronic Renal Insufficiency

Malluche et al. - Clinical Nephrology, Dialysis and Transplantation - I-18 13



[34] Ponka A, Kuhlback B 1983 Serum ascorbic acid in
patients undergoing chronic hemodialysis. Acta
Med Scand 213: 305-307

[35] Shainkin-Kestenbaum R, Caruso C, Berlyne GM
1990 Reduced superoxide dismutase activity in
erythrocytes of dialysis patients. A possible factor
in the etiology of uremic anemia. Nephron 55:
251-253

[36] Jacobson SH, Moldeus P 1994 Whole blood-,
plasma- and red blood cell glutathione and cysteine
in patients with   kidney disease and during
hemodialysis. Clin Nephrol 42: 189-192

[37] Lougherty CM, Young IS, Lightbody JH, McMaster
D, Mc-Namee  PT, Trimble ER 1994 Oxidative
stress in haemodialysis. Quart J Med 87: 679-683

[38] Ward RA 1994 Phagocytic cell function as an index
of  biocompatibility. Nephrol Dial  Transplant 9
(suppl 2): 46-56

[39] Kuroda M, Asaka S, Tofuku Y, TakedaR 1985 Se-
rum antioxidant activity in uremic patients. Neph-
ron 41: 293-298

[40] Richard MJ, Arnaud J, Jurkovitz C, Hachache T,
Maftahi H, Laporte F, Foret M, Favier A, Cordon-
nier D 1991 Trace elements and lipid peroxidation
abnormalities in patients with chronic renal failure.
Nephron 57: 10-15

[41] Fillit H, Elion E, Sullivan J, Sherman R, Zabriskie
JB 1981 Thiobarbituric acid reactive material in
uremic blood. Nephron 29: 40-43

[42] Witko-Sarsat V, Friedlander M, Capelleire-
Blandin C, Nguyen-Khoa T, Nguyen AT, Zingraff J,
Jungers P, Descamps-Latscha B 1996 Advanced
oxidation protein products as novel marker of oxi-
dative stress in uremia. Kidney Int 49: 1304-1313

[43] Kaysen GA, Stevenson FT, Depner TA 1997 Deter-
minants of albumin concentration in hemodialysis
patients. Am J Kidney Dis 29: 658-668

[44] Stenvinkel P, Heimburger O, Tuck CH, Berglund L
1998 Apo(a)-isoform size, nutritional status and
inflammatory markers in chronic renal failure.
Kidney Int 53: 1336-1342

[45] Witzmut JL 1994 The oxidation hypothesis of
atherosclerosis. Lancet 344: 793-795

[46] Brown JH, Short CD, Mallick NP 1993 Ischaemic
heart disease, lipids and the kidney. Contrib Neph-
rol 102: 198-219

[47] Slatopolsky E, Robson AM, Elkan I, Bricker NS
1968 Control of phosphate excretion in uremic
man. J Clin Invest 47: 1865-1874

[48] Delmez JA, Slatopolsky E 1992 Hyperphos-
phatemia: its consequences and treatment in pa-
tients with chronic renal disease. Am J Kidney Dis
19: 303-317

[49] Kuzela DC, Huffer WE, Conger JD, Winter SD,
Hammond WS 1977 Soft tissue calcifications in
chronic dialysis patients. Am J Pathol 86: 403-424

[50] Janssen MJA, van der Kuy A, ter Wee PM, van
Boven WPL 1996 Aluminum hydroxide, calcium
carbonate and calcium acetate inchronic intermittent
hemodialysis patients. Clinical Nephrol 45: 111-119

[51] Chertow GM, Burke SK, Lazarus JM, Stenzel KH,
Wombolt D, Goldberg D, Bonventre JV, Slatopol-
sky E 1997 Poly[allylamine hydrochloride] (Ren-
aGel): a noncalcemic phosphate binder for the
treatment of hyperphosphatemia in chronic renal
failure. Am J Kidney Dis 29: 66-71

[52] Baker LRI, Abrams SML, Roe CJ, Faugere M-C,
Fanti    P, Subayti    Y,    Malluche    HH 1989
1,25(OH)2D3 administration in moderate renal
failure: A prospective double blind trial. Kidney
Int 35: 661-669

[53] Ritz E, Kuster S, Schmidt-Gayk H, Stein G, Scholz
C, Kraatz G, Heidland A 1995 Low-dose calcitriol
prevents the rise in 1,84 iPTH without affecting
serum calcium and phosphate in patients with mod-
erate renal failure (prospective placebo-controlled
multicenter trial).  Nephrol Dial Transplant 10:
2228-2234

[54] Bailey GL 1977 The sick kidney and sex. New Engl
J Med 296: 1288-1289

[55] Levi NB 1973 Sexual adjustment to maintenance
hemodialysis and renal transplantation: national
survey by questionnaire: Preliminary report. Trans
Am Soc Arti Internal Organs. 19: 138-143

[56] Katz AI, Davidson JM, Hayslett JP, Singson E,
Lindheimer MD 1980 Pregnancy in women with
kidney disease. Kidney Int 18: 192-206

[57] Kitzmiller JL, Brown ER, Philippe M, Stark A et al
1981 Diabetic nephropathy and perinatal outcome.
Am J Obstetr Gynecol 141: 741-751

[58] MacKay EV 1963 Pregnancy and renal disease.
Aust NZ J Obstetr Gynecol. 3: 21-34

[59] Imbasciati E, Pardi G, Capetta P, Ambrosio G,
Bozzetti P, Pagliari B, Ponticelli C 1986 Pregnancy
in women with chronic renal failure. Am J Nephrol
6: 193-198

[60] Imbasciati E, Pardi G, Capetta P, Ambrosio G,
Bozzetti P, Pagliari B, Ponticelli C 1986 Pregnancy
in women with chronic renal failure. Am J Nephrol
6: 193-198

[61] Hou SH, Grossman SD, Madias NE 1985 Preg-
nancy in women with renal disease and moderate
renal insufficiency. Am J Med 78: 185-194

[62] Cunnigham FG, Cox SM, Harstad TW, Mason RA,
Pritchard JA 1990 Chronic renal disease and preg-
nancy outcome. Am J Obstetr Gynecol 163: 453-
459

Chapter I - Clinical Nephrology and Hypertension

14



[63] Cunnigham FG, Cox SM, Harstad TW, Mason RA,
Pritchard JA 1990 Chronic renal disease and preg-
nancy outcome. Am J Obstetr Gynecol 163: 453-
459

[64] Parsons L, Ekola-Strolberg M 1922 Anemia in
azotemia. Am J Med Sci 185: 181-190

[65] Muirhead N, Hodsman AB 1990 Occult infection
and resistance anaemia to rHuEpo therapy in renal
failure. Nephrol Dial Transplant 5: 232-234

[66] Macdougall IC, Coles GA, Williams JD 1992 Inhi-
bition of a response to erythropoietin in the pres-
ence of infection or malignancy. Erythropoiesis 3:
29-30

[67] Cofan B, Bonal J, Castellote E, Caralps A 1993
Vasculitis in haemodialysis: a new form of resis-
tance to erythropoietin. Nehrol Dial Tansplant 8:
569-570

[68] Almond MK, Taylor D, Marsh FP, Raftery MJ,
Cunningham J 1994 Increased erythropoietin re-
quirements in patients with failed renal transplant
returning to a dialysis programme. Nephrol Dial
Transplant 9: 270-273

[69] Short AIL, Winney RJ, Robson JS 1980 Reversible
microcytic hypochromic anaemia in dialysis pa-
tients due to aluminum intoxication. Proc Eur
Transplant Assoc 17: 226-233

[70] Rao DS, Shih MS, Mohini R 1993 Effect of serum
parathyroid hormone and bone marrow fibrosis on
the response to erythropoietin in uremia. N Engl J
Med 328: 171-175

[71] Barbour GL 1983 Effect of parathyroidectomy on
anemia in chronic renal failure. Arch Int Med 139:
889-891

[72] Shaw AB 1967 Haemolysis in chronic renal failure.
Br Med J 2: 213-215

[73] Alfrey CP, Rice L, Udden MM, Driscoll TB 1997
Neocytolysis: physiological down regulator of red
cell mass. Lancet 349: 1389-1390

[74] Eschbach JW, Abdulhadi MH, Browne JK, Delano
BG, Downing MR, Egrie JC, Evans RE, Friedman
EA, Graber SE, Haley NR, Korbet S, Krantz SB,
Lundin AP, Nissenson AR, Ogden DA, Paganini
EP, Rader B, Rutsky EA, Stivelman J, Stone WJ,
Tescahn P, Nan Stone JC, Van Wyck DB, Zucker-
man K, Adamson JW 1989 Recombinant human
erythropoietin in anemic patients with end-stage
renal disease. Results of a phase III multicenter
clinical trial. Ann Int Med 111: 992-1000

[75] Foley RN, Parfrey PS, Harnett JD, Kent GM, Mur-
ray DC, Barre PE 1996 The impact of anemia on
cardiomyopathy, morbidity, and mortality in end-
stage renal disease. Am J Kidney Dis 28: 53-61

[76] Nissenson AR 1992 Epoetin and cognitive func-
tion. Am J Kidney Dis 20(suppl 1): S98-S103

[77] Marsh JT, Brown WS, Wolcott D, Carr CR, Harper
R, Schweitzer SV, Nissenson AR 1991 RHuEPO
treatment improves brain and cognitive function of
anemic dialysis patients. Kidney Int 39: 155-163

[78] De Marchi S, Cecchin E, Villalta D, Sepaici G,
Santini G, Bartoli E 1992 Relief of pruritus and
decreases in plasma histamine concentrations dur-
ing erythrpoietin therapy in patients with uremia.
N Engl J Med 326: 969-947

[79] Beusterien KM, Nissenson AR, Port FK, Kelly m,
Steinwald B, Ware JE 1996 The effect of recombi-
nant human erythropoietin on functional health and
well being in chronic dialysis patients. J Am Soc
Neph 7: 763-773

[80] Teehan BP, Benz TL, Sigler ML, Brown JM 1990
Early intervention with recombinant human
erythropoietin therapy. Semin Nephrol 10 (suppl
1): 28-34

[81] Macdoudall IC 1995 Poor response to erythropoie-
tin: practical guidelines on investigation and man-
agement. Nephrol Dial Transplant 10: 607-614

[82] Macdoudall IC 1995 Poor response to erythropoie-
tin: practical guidelines on investigation and man-
agement. Nephrol Dial Transplant 10: 607-614

[83] Klag MJ, Whelton PK, Randall BL, Neaton JD,
Brancati FL, Stamler J 1997 End-stage renal dis-
ease in African-American and white men. J Am
Med Ass 277: 1293-1298

[84] Sheps SG, Black HR, JD Cohen, NM Kaplan, KC
Ferdinand, AC Chobanian, HP Dustan, RW Gif-
ford, M Moser, SG Sheps 1997 The sixth report of
the Joint National Committee on Prevention, De-
tection and Treatent of High Blood Pressure. Arch
Int Med 157: 2413-2446

[85] Burt RK, Gupta-Burt S, Suki WN, Barcenas CG,
Ferguson JJ, Van Buren CT 1989 Reversal of left
ventricular dysfunction after renal transplantation.
Ann Intern Med 111: 635-640

[86] Rosner H, Rubin L, Kesenbaum A 1996 Gabapentin
adjunctive therapy in neuropathic pain states. Clin
J Pain 12: 56-8

[87] Backonja M, Beydoun A, Edwards KR, Schwartz
SL, Fonseca V, Hes M, La Moreaux L, Garofalo E
1998 Gabapentin for the symptomatic treatment of
painful neuropathy in patients with diabetes melli-
tus; a randomized controlled trial. JAMA 280:
1831-1836

[88] Kaplan NM 1988 Clinical hypertension. Williams
& Wilkins, Baltimore

I.1
8

18  Fanti - Clinical Manifestations of Chronic Renal Insufficiency

Malluche et al. - Clinical Nephrology, Dialysis and Transplantation - I-18 15



Chapter I - Clinical Nephrology and Hypertension

16


