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wherein the kidney …

1300 B.C.

Homer W. Smith  (1895-1962) 

From Fish to Philosopher

The story of our 

internal environment 1953

The Kidney: Structure and 

Function in Health and Disease 1951
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DEATH !

Origins of medicine: LIFE/DEATH

HEAT  & MOVEMENT

LIFE !



Hypnos and Thanatos (half-brothers)

John Williams Waterhouse 1874 



“Sleep comes about when the heat of the 

blood is cooled to the proper degree, 

death when it becomes cold altogether.”

Empedocles (490-430 B.C.)

“Sleep is a temporary overpowering of 

the inner heat by other factors in the 

body, death its final extinction.”

Aristotle (384-322 B.C.)

The “Vital” Heat
BIOLOGY



Galen (120-200 A.D.)
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‘VITAL HEAT’
caladium innatum



Paracelsus
(1493-1541)

1. Challenged scholasticism

2. Alchemy       Chemistry

3. Urine and (Blood) analysis

CHEMISTRY

1. Mercury  smoke

2. Sulphur combustible

3. Salt  residue

NDT 1996;11:1388-1394Quentyn Matsys, copy 17th century

Louvre Museum, Paris



Antoine FOURCROY (1755-1809)

“This liquid … has become, in the hands of chemists, a 

source of important discoveries, and is an object in the 

history of which we find the most valuable notion which 

the study of it affords the physiologist.”

1801



Antoine FOURCROY (1755-1809)

“This liquid … has become, in the hands of chemists, a 

source of important discoveries, and is an object in the 

history of which we find the most valuable notion which 

the study of it affords the physiologist.”

Urée!

Animal

Economy

1801



Enter:  Animal “Oeconomy”
“oeconomia animalis”
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Discovery of UREA in URINE

 1664 J. B. van Helmont “a natural salt in the urine”

 1732 H. Boerhaave “saponaceous salt that tastes
different from sea salt”

 1773 H. Rouelle high nitrogen content, octahedral
crystals octahedral rather than cubic crystals of sea salt

 1785 C. Berthollet urea source of ammonia in urine

 1798 W. Cruickshank  crystallizes with nitric acid in 
diabetic urine

 1799-1808 A. Fourcroy & N. Vauquelin estimated 
nitrogen content in crystals, coined “URÉE”, Urea



“I write already again because I cannot, so to 

say, hold my chemical water and must tell you 

that I can make urea without the 

help of a kidney or even an animal, 

neither man nor dog. ”

Berlin, 22nd February 1828 Friedrich Wöhler (1800-1882)

1827 “Annus mirabilis”

//upload.wikimedia.org/wikipedia/commons/3/32/Friedrich_W%C3%B6hler_Litho.jpg
//upload.wikimedia.org/wikipedia/commons/3/32/Friedrich_W%C3%B6hler_Litho.jpg


Early

Antiquity

Greece

Rome
Renaissance Scientific 

Revolution
19th

Century

20th

Century

Enter: UREA

Enlightenment

Age of Reason

Anatomy Chemistry
Bacteriology Genetics

Physiology

Pathology

Embryology

LIFE
Force

Vitality

Humor

Soul

Juices

Life Spark

VITAL  SPIRIT   

UREA

VITAL

FORCE

Schrödinger

http://www.ebay.com/itm/ANTIQUE-PORCELAIN-APOTHECARY-JAR-/181997794091
http://www.ebay.com/itm/ANTIQUE-PORCELAIN-APOTHECARY-JAR-/181997794091
//upload.wikimedia.org/wikipedia/commons/3/32/Friedrich_W%C3%B6hler_Litho.jpg
//upload.wikimedia.org/wikipedia/commons/3/32/Friedrich_W%C3%B6hler_Litho.jpg


 1810s J. Bostock Blood urea elevated in some of Bright’s
cases

 1821 J. Provost & J Dumas Extra-renal origin of urea, BUN 
increases after nephrectomy

 1827 F. Wöhler Urea synthesis

 1827 R. Bright   Bright’s Disease
 1829 R. Christison Blood urea increased in kidney diseases

 1847 P. Piorry & G. Andral “Urémie”,  Uremia

1827 “Annus mirabilis” **



Enter: Uremia

189418511847

Charles BOUCHARD 1837-1915Friedrich FRERRICHS1819-1885Adolphe PIORRY 1794-1879

Urémie Urämische intoxication Ptomaines
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1894 1896 1897-1900 1910

Charles BOUCHARD 1837-1915 Sandor KORANYI 1866-1944 Charles ACHARD 1860-1944 Leonard ROWNTREE 1883-1959 John GERAGHTY 1876-1924

FPD Test

Methylene Blue
(phloridzin) PSP Test

Urine Toxicity

State of the Art: Functional Tests of CKD



1842-1917 1926-19511917-1926

Carl LUDWIG 1816-1895 Arthur CUSHNY1866-1926Rudolph HEIDENHAIN 1834-1897 HOMER SMITH 1895-1962

Kidney Function 1842-1942

Adv Physiol Educ 2014;38:286-295
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Léon AMBARD 1876-1962 Thomas ADDIS 1881-1949Franklin McLEAN 1888-1968 Donald Van SLYKE1883-1971

Clearance

1926-81915-17 1923-81910-12

UV/P

Chem Rev 1940:26:105-127

State of the Art: Functional Tests of CKD



“Our cells are bathed in a fluid … 

have maintained a fastidious  preference  for a 

surrounding medium  of constant and definite 

composition; and if they are outraged by brusque 

changes in this medium they refuse to perform 

their aliquots parts of the body’s functions.”    

Donald D. Van Slyke

Chem Rev1940;26:105-127

From fish to philosopher, the story of our internal environment, 1953 

“Milieu intérieur”, redux



Claude BERNARD (1813-1878)

“The stability of the internal environment (milieu intérieur)

is the condition for the free and independent life”

*

1974



Walter B. CANNON (1871-1945)

1923

1932

HOMEOSTASIS

“The physiological processes that regulate and maintain

the steady states of the body ”

1929



Constancy of the Internal Environment

Normal

Adaptive 

Changes



“A syndrome reflecting 

the summation of a series 

of altered contol and 

feedback mechanisms 

centered on the kidney 

that account for the 

altered biochemical and 

clinical abnormalities 

observed clinically.”

UREMIA 1960
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Enter: DIALYSIS

???



GREECE 500 BC

1950-1962

UREMIA

HYPNOS and THANATOS



Renaissance of UREA

 1827 H. Dutrochet “Osmosis”

 1850 T. Graham        Osmotic forces 

and “Dialysis”      

 1913 J. J. Abel Removal of substances from 

blood by dialysis. “Artificial Kidney”

 1940s W. Kolff, N. Alwall, G. Murray Dialyzers

 1827 H. Dutrochet “Osmosis”

 1850 T. Graham        Osmotic forces   

and “Dialysis”      

 1913 J. J. Abel Removal of substances from 

blood by dialysis. “Artificial Kidney”

 1940s W. Kolff, N. Alwall, G. Murray Dialyzers

UREA as marker of ADEQUACY

1. TACurea

2. URR 

3. Kt/V 

4. TOXIN



Ngram Viewer

Relative frequency of the use of the word 

UREA
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USRDS Annual Data Report-2016

†

60-64 yrs. olds vs. general population of 17-22 yrs 

30-40 yrs old  vs. general population of 30-40 yrs †

*

*

Adjusted ACM in Hemodialysis patients

CONCERNS



GREECE 500 BC

1950-1962

UREMIA

HYPNOS and THANATOS

?



Enter: UREMIC TOXIN

Ngram Viewer

Uremic

toxin

1950 1960 1970 2000199019801940

Relative frequency of the use of UREMIC TOXINS



Enter: UREMIC TOXIN

FREE

Middle Molecule

Protein Bound

Kidney Int. 2003;63:1934-1943

Clin Kidney J.  2015;8:353-362

Lancet 2014;383:1831-1843

UREMIC TOXINS

2
0
1
7



“Patients who would have died from uremia 

but survive because of dialysis suffer from 

a previously non-existent life-threatening 

disease that is labeled here for lack of a 

better term the ‘residual syndrome”

Clin JASN 2012;

Sem Dialysis 2001; 14:246-251

Enter:  “Residual Syndrome”

Enter:  “Uremic Toxins”

*



Residual Syndrome ????

Uremic Toxins ???

but ….

CONCERNS*   

-------------------------------------------------------------------

* personal



CONCERNS   

1. Hemodialysis is an empiric treatment.

2. Hemodialysis is a physico-chemical

process that operates in total opposition 

to normal physological principles.



Hemodialysis

Normal

Hemodialysis



Hemodialysis

Normal

Hemodialysis

CHANGES

1. Temperature

2. Pump trauma

3. Pressure

4. Resistance

5. Foreign tubing

6. Drugs

7. Toxins



CONCERNS   

1. Hemodialysis is an empiric treatment.

2. Hemodialysis is a physico-chemical

process that operates in total opposition 

to normal physological principles.

3. Hemodialysis is monitored by changes

in the blood. 



CKD-MBD

Pi/Neph FGF PTH

Vit D3

0
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2

1

3
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CKD  Stage

Hemodialysis



Circadian variations of serum phosphorus

NDT 2009; 24:2321-2324



the UREMIA of Dialysis

SUMMARY



CONCLUSION



Uremia?

Time to Rethink

Uremia of 

Dialysis



CONGRESS

Thank you for 

your  attention 
and the opportunity 

to present at the

13 th BANTAO




