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ABSTRACT

The clinical presentation and manifestations of uremia that
constitute the uremic syndrome are presented. The first
descriptions of patients with advanced or ‘‘terminal’’ renal
failure who were treated with hemodialysis are evoked to
illustrate the wide range of signs and symptoms that are
associated even to a moderate decrease in renal function,
presently referred to as chronic kidney disease (CKD)
stages 3–4. The kidney is a central organ guaranteeing the
maintenance of the ‘‘milieu intérieur,’’ where all the cells of
the body are generated, develop, proliferate, and die.
Chronic kidney disease, by altering the ‘‘milieu intérieur,’’
may alter the metabolism of every type of cell or organ,

leading to a wide scope of symptoms. The most frequently
observed signs in daily clinical practice are summarized
and put into the perspective of the renal physician.
Disturbances of ion and water metabolism, hypertension,
cardiovascular disease, anemia, mineral and bone disorders,
endocrine, inmmunologic and neurologic syndromes are
described. The addition of these clinical manifestations
defines and describes each uremic patient as a specific
individual. The pathophysiologic mechanisms by which
each of these signs and symptoms appears and the particu-
lar compounds responsible for their occurrence, are
described in depth in subsequent chapters of this issue.

The concept of an internal fluid environment in which
the cells of the body live and function was introduced by
Claude Bernard in 1878 (1). The vital role of the kidneys
in maintaining the constitution of that environment was
subsequently recognized by Peters in 1935 (2). Excretion
of metabolic end products, a major homeostatic func-
tion of the kidneys, involves both glomerular ultrafiltra-
tion and renal tubular secretion.

Maintaining the optimal conditions in the fluid envi-
ronment of the cells is vitally important; failure of the
kidneys to perform this task is manifested in the clinical
syndrome called uremia. The term ‘‘uremia’’ was intro-
duced in 1840 by Piorry and L’Héritier (3). In their trea-
tise on alterations in the blood they proposed the use of
the general suffix ‘‘-emia’’ to denote the blood compart-
ment and qualifying it with a specific prefix to denote the
presence of an abnormality in that compartment. Thus
in their terminology ‘‘uremia’’ literally means ‘‘urine in
the blood,’’ which reflects their view that the toxic mani-
festations of renal failure were a form of poisoning of
the blood, a consequence of reabsorption of urine (4).
Today, uremia is used clinically to describe a complex
syndrome that has many interrelated features. The com-
plexity of the uremic syndrome is due to the role played

by the kidneys, not only as homeostatic but also as endo-
crine organs.

The word ‘‘uremia’’ is used to describe the state asso-
ciated with the retention of nitrogenous metabolic end
products and is characterized by an increased concentra-
tion of urea in the blood, the first retention product to be
recognized. Later on it appeared thatmany other solutes
were retained as well (5).

So, the uremic syndrome is attributed to the progres-
sive retention of a large number of compounds, which
under normal conditions are excreted by the healthy kid-
neys. As a result of this accumulation, these compounds
are called uremic retention solutes, and if they are
biologically ⁄biochemically active, they are called uremic
toxins. The accumulation of such compounds has a neg-
ative impact on many body functions and results in a
gradual, endogenous intoxication. Retention solutes,
despite being nontoxic, can still be of interest, as useful
markers for other yet toxic elements.

After a considerable amount of time and effort
devoted to a search for the uremic toxin, no individual
compound could be accused, so far, of being the respon-
sible for the uremic syndrome. It maywell be that no one
single uremic toxin will ever be identified as the toxin.
The clinical syndrome of uremia should be recognized as
a composite problem, involving all of the body’s systems
and reflecting biochemical alterations in all aspects of
the constitution of the internal environment (6).

In the present special issue of Seminars in Dialysis, an
in-depth analysis of several of the most important ure-
mic toxins, and their effects in different biologic systems,
or the modern technical tools to analyze them, will be
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provided. Our contribution to this issue aims to present
the clinical features of the uremic syndrome with a mere
description of their principal characteristics: what the
clinical observermay see when looking at and examining
a uremic patient. We will focus on the many different
symptoms and signs that are presented by the person
with renal disease as a whole. The mechanistic approach
and the physiopathology for each of the separate clinical
manifestations will certainly be described in detail in
subsequent chapters of the present issue.
To present the clinical aspects of the uremic syndrome

we may want to look at the descriptions of the pioneers
in its treatment. They had to face receiving and handling
patients expressing the uremic syndrome with the full
array of clinical findings. The first reports on dialysis
treatment convey the difficulties in reversing the uremic
symptoms that were the most tormenting for these clini-
cians. J.P. Merrill (personal communication reported in
Schribner et al. 1960) described being unable to prevent
mental deterioration for more than a few weeks in
patients with complete loss of renal function andMaher,
Schreiner, andWaters reported their difficulties in main-
taining the nutritional status in uremic patients despite
repeated dialyses (7).
A more general clinical picture is wonderfully pre-

sented in the reports on the first successful dialysis treat-
ments. The first dialysis survivor had to stop working at
the age of 39 because of weakness, vomiting, and head-
aches (7). On admission he was barely able to walk, his
speech was thick, and his sensorium clouded. He had
uremic tremors and exudates and hemorrhages in his
fundi. He had water retention, hypertension, and dysp-
neawith cardiac enlargement and pulmonary congestion
on chest X-ray. Other patients (no. 2 of the Scribner’s
report) presented increased fatigability, dyspnea on exer-
tion, muscle cramps, irritability and lethargy, periorbital
and ankle edema, anorexia, and nausea (8). All these
individual clinical features (and many others) may coex-
ist, be absent or differ in intensity in a single patient with
uremic syndrome.
Therefore, the clinical manifestations of uremia are

rather nonspecific and may involve any system of the
body. The renal physician may see a patient with vascu-
lar disease and hypertension, anemia, gastrointestinal
symptoms, mineral and bone disorders (previously
called renal osteodystrophy), disturbances of ion and
water metabolism, endocrine dysfunction, immunologic
as well as neurologic diseases which may present or
evolve up to uremic coma. The principal clinical features
are summarized in Table 1.
In what follows, we will describe each of these clinical

elements in more detail to give a more complete view,
although certainly not comprehensive, of the signs and
symptoms thatmaybeobserved in theuremic syndrome.

The Uremic Syndrome

Disturbances of Ion and Water Metabolism

The kidney is the central organmaintaining water and
ion homeostasis. In addition to the ion cell-transport
abnormalities described in uremia (9), which may have a

major impact on cell metabolism, changes in ion metab-
olism may cause, directly or indirectly, many of the
symptoms observed in the uremic syndrome. When
Na+ intake exceeds the renal excretory capacity, a net
positive Na+ balance occurs, hypertension worsens, and
pulmonary oedema may appear participating in the so-
called uremic pneumonitis (10). Fortunately, the dam-
aged kidneys are able to adapt even at the advanced
stages of renal disease and generally maintain a close to
neutral Na+ balance (11). As a result, although Na+

and water retention is commonly observed among
chronic kidney disease patients, it will not permanently
increase and will be partially limited by the adaptative
capacities of the kidneys (11).
Water retention with hyponatremia may exacerbate

central nervous system symptoms (Table 1). Although
hyponatremiamay occur in chronic renal failure, its inci-
dence is lower than could be expected, because of the
capacity of the damaged kidneys to adapt to the decline
in their function (12).
Hyperkalemia is frequently observed in advanced

renal disease, and may present with diarrhea, skeletal
muscle dysfunction or if severe, cell membrane potential
disturbances, and cardiac arrest. In addition to potas-
sium, other ions have their metabolism altered in renal
disease. Hypercalcemia may worsen hypertension, or
central nervous system symptoms, or be associated with
nausea, vomiting, abdominal pain, and diarrhea, while
hypocalcemia may present with paresthesias, tetany or
seizures, hypotension, arrhythmia, and heart failure
among other manifestations. Frequently observed in
renal patients, the disturbances in calcium–phosphate
metabolism are also associated with dermatologic mani-
festations, such as pruritus, dystrophic calcifications and
if severe, calciphylaxis (Fig. 1).

Hypertension

Hypertension is a major feature of the uremic
syndrome. It may appear during the first stages of renal

TABLE 1. Principal clinical features of uremia

Central nervous system Diurnal somnolence, night
insomnia, disorders of the
memory and the concentration,
asthenia, headache, confusion…

Peripheral nervous system Polyneuritis, restless legs, cramps
Gastrointestinal Anorexia, nausea, gastroparesia,

parotiditis, stomatitis
Hematologic Anemia, haemostasis disorders
Cardiovascular Hypertension, atherosclerosis,

coronary artery disease
Skin Itching, skin dryness, calciphylaxis
Endocrinology Growth impairment, impotence,

infertility, sterility
Osteoarticular Secondary hyperparathyroidism,

osteomalacia, b2-microglobulin
amyloidosis

Nutrition Malnutrition, weight loss,
muscular catabolism

Immunity Low response rate to vaccination,
increased sensitivity to infectious
diseases

Biochemical Metabolic acidosis,
hyperphosphatemia, hyperkaliemia
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disease or even precede it and be at its origin.When pres-
ent, hypertension hastens the decline of renal function
and its incidence and severity increases while renal dis-
ease progresses. It is observed in >90% of the patients
with end-stage renal disease, and it is corrected by dialy-
sis treatment in many cases (13,14). On the other hand,
renal failure has been demonstrated to worsen hyperten-
sion and cardiovascular disease: the prevalence of reti-
nopathy and especially, malignant retinopathy is greater
for a given level of hypertension in the patients with
renal disease when compared to those with essential
hypertension (15). In addition, cardiovascular mortality
increases when glomerular filtration rate declines, from
the very early stages (16). The mechanisms by which
renal diseasemay participate in hypertension result from
factors altering cardiac output (extracellular body fluid
and salt accumulation, angiotensin II, aldosterone, nor-
epinephrin, atrial natriuretic factor, glomerular filtration
rate decrease, sympathetic nervous system activation,
baroreceptor sensitivity), total peripheral resistance

(pressors: angiotensin II, norepinephrine, vasopressin,
intracellular calcium, and depressors: prostaglandin E2,
prostacycline, kinins, atrial natriuretic peptide), or both.

Cardiovascular Disease

Although heart-related diseases are seldom the first
clinical manifestation of renal disease, chronic kidney
disease patients have a high incidence of cardio-vascular
disease and a significantly increased mortality risk as a
result of it (17). Coronary artery disease presenting as
angina and acute myocardial infarction is commonly
observed in chronic kidney disease, but also cardiac
arrhythmia, valve dysfunction (generally due to valve
calcification), and cardiac insufficiency frequently
accompany the natural history of chronic kidney dis-
ease. From the early days of renal medicine it was identi-
fied that chronic kidney disease patients develop
‘‘accelerated atherosclerosis’’ (18). In addition to hyper-
tension, other established (‘‘traditional’’) factors may
participate in the increased cardiovascular morbidity
and mortality in chronic kidney disease patients, such as
left ventricular hypertrophy, dyslipidemia, diabetes,
smoking, male sex, and age (19). However, these ‘‘tradi-
tional’’ factors do not fully explain the higher incidence
in cardiovascular disease observed in chronic kidney dis-
ease patients (20), and other ‘‘novel’’ cardiovascular dis-
ease—risk factors, such as inflammation, endothelial
dysfunction, sympathetic overactivation, protein energy
wasting, oxidative stress, vascular calcification, and vol-
ume overload, frequently observed in chronic kidney
disease patients, have been involved (reviewed in 21).

Anemia

The fate of anemic patients with CKD has com-
pletely changed with the introduction of human
recombinant erythropoietin (EPO). Renal fail-
ure—associated anemia is normocytic, normochro-
mic, and secondary to many different etiologic
factors. We distinguish the factors decreasing eryth-
ropoiesis from those decreasing red cell survival.
Deficient response to EPO (decrease in EPO synthe-
sis and increase in EPO resistance), iron deficiency,
aluminium toxicity (uncommon since the introduc-
tion of proper water treatment for dialysis and the
abandon of Al containing salts), hyperparathyroid-
ism, and folate deficiency result in a decreased
erythropoiesis. Hemolysis, acute or chronic, and
hypersplenism decrease red cell survival. Uremic
toxins may act both, decreasing erythropoiesis and
red cell survival. In that respect PTH has been
suspected to suppress erythropoiesis. Secondary
hyperparathyroidism has been identified to increase
EPO resistance (22) and improvement of secondary
hyperparathyroidism by parathyroidectomy (23) or
by vitamin D3 derivatives (24) is followed by a
clear improvement in anemia and allows reducing
EPO doses or EPO withdrawal (25).

Anemia may be the first accompanying sign motivat-
ing referral to the nephrologist, and therefore is of par-
ticular importance. It has also been improved in patients

B

A

Fig. 1. Skin lesions of calciphylaxis. A 66-year-old obese woman

(155 cm and 107 Kg of body weight) with diabetic nephropathy,

presented painful subcutaneous lesions with mottled violet discol-

orations that evolved into central necrotic ulcerations. Her iPTH

was >1900 pg ⁄ml in spite of hyperparathyroidism treatment that

sequentially included phosphate binders, vitamin D3 derivatives,

and calcimimetics. Surgical parathyroidectomy was scheduled.

Panel B shows a closer view of the three lesions of the left leg

shown in panel A.
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with stage 3–5 of chronic kidney disease, by the exten-
sion of the treatment with erythropoiesis stimulating
agents to this population.

Gastrointestinal Symptoms

Gastrointestinal manifestations are typically observed
in the uremic syndrome with advanced renal failure. As
it has been commented above, the patient described by
Scribner et al. presented nausea and vomiting. Towards
the stage 5 of the CKD, patients complain of lack of
appetite, bitterness, and metallic taste as well as selective
disgust for specific aliments, frequently the meat. The
appearance of these gastrointestinal symptoms is often
the announcement to start dialysis treatment. On the
other hand, gastrointestinal symptoms may result in
malnutrition, which in turn, may aggravate existing
inflammation and heart failure, accelerate athero-
sclerosis, and increase susceptibility to infection (26).
The association of malnutrition, inflammation, and
atherosclerosis constitutes the MIA syndrome that has
been described in chronic kidney disease patients and
has an exceptionally highmortality rate (26).

Mineral and Bone Disorders (previously
termed renal osteodystrophy)

Mineral and bone disorders may be observed quite
early in chronic kidney disease. Typically, they are asso-
ciated with secondary hyperparathyroidism and include
proximal muscle weakness, bone pain and fractures,
growth retardation in children and skeletal deformities
(Fig. 2), arthritis and periarthritis, itching, soft tissue cal-
cifications and calciphylaxis (Fig. 1). They also include
hypertension and myocardial failure as well as life-
threatening complications that may result from heart
block and valve calcification (27).

Endocrine Dysfunction

A variety of endocrine disturbances may be observed
in the uremic syndrome. Parathyroid dysregulation has
already been commented; thyroid metabolism abnor-
malities, gonad and adrenocortical dysfunctionmay also
be observed. The mechanisms leading to these distur-
bances are diverse: a decrease in production of the hor-
mone can be observed for EPO and the active form of
vitamin D with advancing renal disease, whereas a
decrease in the metabolic clearance of different hor-
mones leads to an increase in serum levels of follicle stim-
ulating hormone, luteinizing hormone, prolactin,
growth hormone,melanocyte-stimulating hormone, and
gastrin. Decreased production of the active form of a
hormone in the corresponding organ may also be
observed, for testosterone or triiodothyronine, as well as
blunted feedback response with associated abnormal
hormone secretion for luteinizing hormone, corticotro-
pin and prolactin, and end-organ resistance for insulin
and parathyroid hormone.

Immunologic Alterations

Chronic kidney disease is associated with severe alter-
ations of the immune system. Infections are responsible
for a large part of the mortality in hemodialysis patients,
and vaccination is mostly ineffective, particularly in
advanced stages of chronic kidney disease. Although
improvement in vaccines may reduce the nonresponse
rates in hemodialysis patients (28), whenever possible, it
is preferable to vaccine the patients in the early stages of
renal disease, when the primary immune response has
not been sensibly diminished (28,29).
Acquired immunity disturbances in HD patients con-

cernmainly theT-lymphocyteand theantigen-presenting
cell (APC) (30). Patients with chronic renal failure

Fig. 2. Bone resorption in severe secondary hyperparathyroidism. X-rays of a 20-year-old man who was wheelchair bound at presenta-

tion, with diffuse pain; he was pale, had proximal muscle weakness and could not stand up; he was sitting with a twisty attitude and

evident thorax deformity. His PTH level appeared to be >2000 pg ⁄ml. These X-rays are given as an example of bone resorption, as can

be appreciated at different degrees in all fingers, with a complete disappearance of the final phalanx of both index fingers.
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show a defective function of costimulation derived
from APCs leading to impaired activation of effector
lymphocytes (31). The mechanisms involved in
immune system deficiency in chronic kidney disease,
including also the inflammation mentioned above,
were nicely reviewed and put into perspective with a
putative link with uremic toxicity by Descamps-Lats-
cha (32).

Neurologic Disorders

Neurologic manifestations are among the most con-
cerning features with which dialysis pioneers had to
deal (33). They include central nervous system signs,
such as decreased attention and cognition, imprecise
memory, slurred speech, asterixis and myoclonus, sei-
zures, daytime drowsiness, tendency to sleep and
obtundation, disorientation and confusion, and even-
tually coma. They also include peripheral neurologic
manifestations such as burning disesthesia, restless leg
syndrome, increased muscle fatigability and cramps
(Table 1).

Conclusion

The uremic syndrome is a sum ofmany differentman-
ifestations appearing with the decline of renal function.
It is a complex clinical entity which involves nearly all
the systems of the body corresponding to the ‘‘milieu in-
térieur’’ as it was described by Claude Bernard (1).
Research in uremic toxicity has achieved remarkable
progress during recent years, mainly because of the col-
laboration between renal physicians and scientists and
the rational use of the new tools allowing the identifica-
tion of molecules with relevant roles in the pathogenesis
of uremic syndrome. Tools for early, noninvasive diag-
nosis of renal disease or for risk evaluation of its appear-
ance are already waiting to be used. The arrival of
dialysis dramatically improved the uremic syndrome
and changed the survival expectations of those patients
with end-stage renal disease. We hope that our efforts
will allow improving the prevention and treatment of
end-stage renal disease by opening new endeavors in the
understanding of the physiopathology of this complex
clinical entity.
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3. Piorry PA, L’Héritier D: Traité d’Alterations du Sang. Paris, France:

Baillière, 1840.
4. Wills MR: Uremic toxins, and their effect on intermediary metabo-

lism. Clin Chem, 31:5–13, 1985
5. Vanholder R, De Smet R, Glorieux G, Argilés A, Baurmeister U,

Brunet P, Clark W, Cohen G, De Deyn PP, Deppisch R, Descamps-
Latscha B, Henle T, Jörres A, Lemke Hd, Massy ZA, Passlick-Deetjen
J, Rodriguez M, Stegmayr B, Stenvinkel P, Tetta C, Wanner C, Zidek
W: Review on uremic toxins: classification, concentration and
interindividual variability. Kidney Int 63:1934–1943, 2003

6. Vanholder R, Van Laecke S, Glorieux G: What is new in uremic
toxicity? Pediatr Nephrol 23:1211–1221, 2008

7. Maher JF, Schreiner GE, Waters TJ: Successful intermittent hemodial-
ysis – longest reported maintenance of life in true oliguria (181 days).
Trans Am Soc Artif Intern Organs 6:123, 1960

8. Schribner BH, Buri R, Caner JEZ, Hegstrom R, Burnell JM: The
treatment of chronic uremia by means of intermittent hemodialysis: a
preliminary report. Trans Am Soc Artif Intern Organs 6:114–121, 1960

9. Welt LG, Smith EKM, Dunn MJ, Czerwinski A, Proctor H, Cole C,
Balfe JW, Gittelman HJ: Membrane transport defect: the sick cell.
Trans Assoc Am Physicians 80:21, 1967

10. Bush A: The lung in uremia. Sem Respir Med 9:273, 1988
11. Mitch WE, Wilcox CS: Disorders of body fluids, sodium and potas-

sium in chronic renal failure. Am J Med 72:536, 1982
12. Blumle CW, Potter HP, Elkington JR: Changes in body composition

in acuter renal failure. J Clin Invest 35:1094, 1951
13. Acosta JH: Hypertension in chronic renal disease. Kidney Int 22:702,

1982
14. Blythe WB: Natural history of hypertension in renal parenchymal

diseae. Am J Kidney Dis 5:A50, 1985
15. Heiland A, Heidbreder E: Retinopathy in hypertension; increased inci-

dence in renoprenchimal disease. Contrib Nephrol 54:144, 1987
16. Vanholder R, Massy Z, Argilés A, Spasovski G, Verbecke F, Lameire

N, for the European Uremic Toxin Work Group (EUTox): Chronic
kidney disease as cause of cardiovascular morbidity and mortality.
Nephrol Dial Transpl 20:1048–1056, 2005

17. Foley RN, Parfrey PS, Sarnak MJ: Clinical epidemiology of cardio-
vascular disease in chronic renal failure. Am J Kidney Dis 32(Suppl.
5):S112–S119, 1998.

18. Lidner A, Charra B, Sherrard D, Schribner BH: Accelerated athero-
sclerosis in prolonged maintenance haemodialysis. N Engl J Med
290:697–701, 1974

19. Muntner P, He J, Astor BC, Folsom AR, Coresh J: Traditional and
nontraditional risk factors predict coronary heart disease in chronic
kidney disease: results from the atherosclerosis risk in communities
study. J Am Soc Nephrol 16:529–538, 2005

20. Cheung AK, Sarnak MJ, Yan G, Dwyer JT, Heyka RJ, Rocco MV,
Teehan BP, Levey AS: The Hemodialysis (HEMO) Study. Atheroscle-
rotic cardiovascular disease risks in chronic hemodialysis patients. Kid-
ney Int 58:353–362, 2000

21. Stenvinkel P, Carrero JJ, Axelsson J, Lindholm B, Heimbürger O,
Massy Z: Emerging biomarkers for evaluating cardiovascular risk in
the chronic kidney disease patient: how do new pieces fit into the
uremic puzzle? Clin J Am Soc Nephrol 3:505–521, 2008

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

23. Yasunaga C, Matsuo K, Yanagida T, Matsuo S, Nakamoto M, Goya
T: Early effects of parathyroidectomy on erythropoietin production in
secondary hyperparathyroidism. Am J Surg 183:199–204, 2002

24. Argilés A, Lorho R, Mourad G, Mion CM: High dose alfacalcidol for
anemia in dialysis. Lancet 342:378–379, 1993

25. Argilés A, Mourad G, Lorho R, Kerr PG, Flavier JL, Canaud B,
Mion CM: Medical treatment of severe hyperparathyroidism and its
influence on anemia in end stage chronic renal failure. Nephrol Dial
Transpl 9:1809–1812, 1994

26. Pecoits-Filho R, Lindholm B, Stenvinkel P: The malnutrition, inflam-
mation, and atherosclerosis (MIA) syndrome – the heart of the matter.
Nephrol Dial Transpl 17:28–31, 2002

27. Argilés A, Frapier JM, Lorho R, Servel MF, Garrigue V, Canet S,
Chong G, Albat B, Mourad G: Life-threatening vascular complica-
tions of severe hyperphosphatemia. Nephrol Dial Transpl 18:201–205,
2003

28. Kong NCT, Beran J, Kee SA, Miguel JL, Sanchez C, Bayas J-M,
Vilella A, Calbo-Torrecillas F, Lopez de Novales E, Srinivasa K,
Stoffel M, Hoet B: A new adjuvant improves the immune response to
hepatitis B vaccine in hemodialysis patients. Kidney Int 73:856–862,
2007

29. Paul Martin, Friedman LS: Chronic viral hepatitis and the manage-
ment of chronic renal failure. Kidney Int 47:1231–1241, 1995

30. Eleftheriadis T, Antoniadi G, Liakopoulos V, Kartsios C, Stefanidis I:
Disturbances of acquired immunity in hemodialysis patients. Semin
Dial 20:440–451, 2007

31. Girndt M, Sester M, Sester U, Kaul H, Köhler H: Molecular aspects
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