UCSF

UC San Francisco Previously Published Works

Title

Solute-free water excretion and electrolyte-free water excretion are better terms than
solute-free water clearance and electrolyte-free water clearance

Permalink
https://escholarship.org/uc/item/73c7m53j
Journal

International Urology and Nephrology, 53(10)

ISSN
0924-8455

Authors

Ing, Todd S
Lew, Susie Q
Tzamaloukas, Antonios H

Publication Date
2021-10-01

DOI
10.1007/s11255-020-02763-w

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/73c7m53j
https://escholarship.org/uc/item/73c7m53j#author
https://escholarship.org
http://www.cdlib.org/

International Urology and Nephrology (2021) 53:2191-2192
https://doi.org/10.1007/511255-020-02763-w

NEPHROLOGY - LETTER TO THE EDITOR

=

Check for
updates

Solute-free water excretion and electrolyte-free water excretion are
better terms than solute-free water clearance and electrolyte-free

water clearance

Todd S. Ing'® - Susie Q. Lew?

- Antonios H. Tzamaloukas?

- Ramin Sam*

Received: 3 November 2020 / Accepted: 15 December 2020 / Published online: 9 March 2021
© The Author(s), under exclusive licence to Springer Nature B.V. part of Springer Nature 2021

Keywords Solute-free water clearance - Electrolyte-free water clearance - Osmolal clearance - Water excretion

Editor,

Renal solute and water excretion determines the direction
and magnitude of the change in serum sodium concentra-
tion resulting from renal losses [1-8]. The rates of renal
solute and water excretion are expressed as osmolal clear-
ance (Cp,y), solute-free water clearance (Cyy,g), electrolyte
(monovalent cation) clearance (C)), and electrolyte-free
water clearance (Cyyq ). These clearances consider that the
volume of the urine consists of two virtual parts: Cy,,, and
C(¢) have osmolality or sodium plus potassium concentra-
tions equal to those of plasma, respectively; Cy,q is solute-
free (pure water) water clearance; Cyyq e, i8 €lectrolyte-free
(sodium plus potassium-free) water clearance. Table 1 shows
the formulas for these clearances [6, 7].

The main components of urine solute are sodium and
potassium salts and urea. C, and Cy o, are expressions
of the relationship between urine volume, urine sodium
concentration (Uy,), urine potassium concentration (Ug)
and plasma sodium concentration (Py,), but not urea. C is
defined as the virtual volume of plasma completely cleared
of sodium and potassium by the kidney per unit time (e.g.,
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a minute). Cy o, is defined as the volume of pure water to
be subtracted from or added to a urine volume to produce
a concentration of sodium and potassium in this modified
urine equal to plasma concentrations of either sodium or
sodium plus potassium. With this definition of Cy ¢, it
should be noted that the volume of plasma needed to provide
the amount of electrolyte-free water to the urine is slightly
higher than the volume of electrolyte-free water obtained.
Thus, 100 mL of plasma can generate maximally only 93 mL.
of electrolyte-free water to the urine due to the presence of
7 g of proteins in 100 mL of plasma. These plasma proteins
cannot be filtered into the urine under normal protein han-
dling by the kidney.

If Uy, + Uk <Py, then Cy o, i8 positive, a process that
will increase plasma sodium level. If Uy, + Uy > Py, then
Ch,0( 1s negative, a process that tends to reduce plasma
sodium level [9]. C() and CCy ¢, Were introduced in medi-
cal practice because they provide an accurate characteriza-
tion of the pathophysiology of dysnatremias produced by
various diuretic states, while Cp,, and Cyy ) do not [1-8].

Cosm and C,, are computed by the general formula
expressing steady-state renal clearances of solutes, UV/P,
where U and P are urine and plasma concentrations of the
solute studied, respectively, and V is urine volume formed
per unit time. The word “clearance” in solute-free or
electrolyte-free water clearance does not correspond with
the conventionally recognized nephrological meaning of
“clearance” (expressed as a formula “UV/P” or narratively,
“the volume of plasma from which a substance is entirely
removed by the kidney per unit time”). Therefore, we pro-
pose that the term solute-free water clearance is replaced by
“solute-free water excretion” abbreviated as Ey  and the
term electrolyte-free water clearance excretion be replaced
by “electrolyte-free water excretion” abbreviated as Ey o,
[10].
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Table 1 Clearance formulas

. . Clearance
expressing the relation between

Formula

the rates of urinary solute and
water excretion

Osmolal clearance

Solute-free water clearance
Electrolyte clearance*

Electrolyte-free water clearance*

% sm
Cogn =V X —PZ
Cupo=V-Com=Vx1- P;’;m)
= UnatUg
Cey=VX P
Unat

U
Cizoey =V —Cy=Vx(- T.K)

V urine volume per unit time, Uy, urine osmolality, Uy, urinary sodium concentration, Uy urinary potas-
sium concentration, Py, plasma sodium concentration

*Plasma potassium concentration (Pg) was not included in the formulas of electrolyte clearance and
electrolyte-free water clearance because its magnitude is small compared to Py,. However, some authors
include Py in these formulas, which results in C) _ V X (Un,+Uyg) / (Py,+ Pg), and Cygpp)=V X (1 -

(Una+ U/(Pn, + Py) [2, 8]
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