





GENERAL FEATURES OF FREE WATER
REABSORPTION AND FREE WATER CLEARANCE

TGH20 T

CH90 T

CH,20 + CNa
CH30 + CC1

Figure 26-1. Idealized curves for free water
reabsorption and free water clearance. In the
case of free water clearance, the similarity of
the relationship regardless of the delivery
form will only be the case during hypotonic
NaCl infusion.

TOH,O = Cosm — V
where V == urine flow in ml/min
Uosm V

Cosm = the osmolar clearance =-—————
Posm

Uosm = the urine osmolality
Posm = the plasma osmolality,

In this way the capacity to reabsorb free
water under conditions of maximal water
permeability can be studied at varying rates
of solute delivery to the sites of solute re-
absorption. A normal relationship between
TCH,O and osmolar clearance can thus be
established (Figure 26-1a) and deviations

Pathophysiology of the Kidney

from this normal curve can be identified.
This method is invaluable for determining
defects in concentrating ability in situations
where solute delivery to the distal nephron
may also be altered. In addition, subtle
defects in the concentrating mechanism,
which may not be readily apparent at the
low rates of solute excretion which prevail
during the measurement of Umax, may be
revealed at higher rates of solute excretion.
As will be discussed, however, even this
measure of urine concentration fails to
distinguish the nature of the defect.

In a similar manner, free-water genera-
tion or clearance (°H,O) can be expressed
as a function of solute delivery to the
diluting segments of the nephron. In this
case, varying amounts of solute are ad-
ministered as hypotonic solution in order
to suppress endogenous ADH release so
that a condition of minimal water permea-
bility of the distal nephron prevails. Tree-
water clearance is calculated from the equa-
tion, °Hy0 = V — Sosm. The correct index
of solute delivery in this circumstance has
been hotly debated. It is generally agreed
that ®osm is not an accurate reflection of
distal solute delivery during infusion of hy-
potonic solution, More acceptable indices
are V, °H,0 + ®Na, and H,O + °Cl (4-
9). The relative merits of these three are
currently under scrutiny. In any case, a
normal relationship between ®H,O and one
of these indices can be established, as shown
in Figure 26-2b, and deviations from the
normal curve can be identfied. A more
precise measure of diluting ability is thus
obtained, since variations in solute de-
livery are accounted for, and defects not
apparent at low osmolar clearances may be
unmasked. Even this measure of diluting
ability, however, fails to characterize the
defect, and, as in the case of maximal and
minimal urine concentrations, more in-
formation can be gleaned from a compari-
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RELATIONSHIP BETWEEN Tcﬂzo AND COSM DURING MANNITOL AND
HYPERTONIC SALINE DIURESIS

A. Mannitol

T°H,0 1

T°H,0 1

COSM

Tigure 26-2. Idealized curves (with approxi-
mate ranges) for free water reabsorption.

son of TCH,O and °H,O curves as sum-
marized in Table 26-II. A defect in free-
water generation might be expressed in an
alteration ol botl curves, but a less than
maximal water permeability of the collect-
ing duct during antidiuresis would aftect

the T°HyO curve alone. A greater than
normal water permeability during water
diuresis would affect only the °H,O curve.
In the cvent that a defect in free-water
generation is indicated by an effect on both
curves, the defect can be localized in the
ascending limb of the loop of Henle. A
defect in free-water generation which does
not resice in the loop but in the distal con-
volution would be expected to alter only
the ®H,O curve. As in the case of altera-
tion in Umin alone, this can be distin-
guished from a higher than normal water
permeability during water diuresis by the
effect on sodium excretion.

The tubular defects listed in Tables 26-
I and 26-II, which result in alterations in
Umax, Umin, T®H,O and °H,0, may oc-
cur alone or in combination as will be ap-
parent in the following discussion. These
may be intrinsic defects or may result from
a variety of factors including drug therapy
and various types of renal disease.

Even in the absence of the tubular de-
fects described above, reductions in the
ability to concentrate or dilute the urine
may occur. Such could be the case if de-

Table 26-11
Use of TH,0 and °H,0O in the Characterization of Clinical Disorders of
Urine Concentration and Dilution

TCH,0 CH,O FENa

1. Normal N N <19,

2. Ascending limb defect | { >2%
in NaCl transport

8. Cortical diluting segment N i >29,
deflect in NaCl transport

4, Collecting duct defect N { <2%
in NaCl transport

5. Loss of ascending limb d M <1%
impermeability to water

6. Loss of collecting duct 3 N <19,
water permeability in
response to ADH

7. Enhanced collecting duct N l <19,

water permeability (in
water diuresis)
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livery of solute to the distal nephron were
decreased or medullary blood flow signil-
icantly increased over normal. The former
situation deprives the diluting segments of
the substrate for free-water generation and
thus reduces the ability to both concen-
trate and dilute the urine (Umax and
Umin). T¢H,0 and ¢H,O curves, how-
ever, would be perfectly normal, since these
are obtained over a range of solute de-
liveries. Increased medullary blood flow,
on the other hand, will result in washout
of the corticomedullary gradient, thus re-
ducing concentrating ability alone. This
defect would influence both Umax and the
normal TC¢H,O curve, It should be noted
here that small decreases in medullary
blood flow, which do not limit cellular
metabolism, should actually enhance con-
centrating ability since interstitial osmolali-
ty will rise.

PATHOPHYSIOLOGICAL
MECHANISM

Abnormal NaCl Transport By the
Loop of Henle

Despite in vitro evidence indicating that
the thin ascending limb of the loop of
Henle does not carry out active sodium
chloride transport (10-11), these structures
when present,* particularly in nephrons
dipping into the inner medulla, are impor-
tant for the excretion of a maximally con-
centrated urine (14-18). The main func-
tion of thin limbs, however, appears to
arise from the permeability characteristics
ol their walls to sodium, urea, and water,
combined with urea trapping in the inter-
stitium of the inner medulla, Urea and

*As shown by the comparative studies of Tisher
and his collaborators (12-13), thin loops may he
ahsent and yet concentrated urine will be excreted.
On the other hand, ablation of long thin loops
when present abolishes the elaboration of maxi-
mally concentrated urine.
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sodium chloride will largely determine the
steepness of the corticomedullary concen-
tration gradient, insuring maximal water
abstraction from fluid traversing the col-
lecting duct. The major determinant of
the medullary accumulation of wurea, in
addition to adequate dietary protein in-
take, appears to be the transfer of energy
from the thick ascending limb, to the inner
medulla in its process of active sodium
chloride transport. It is clear, therefore,
that the “single effect” is responsible not
only for a sodium chloride corticomedul-
lary gradient but will also influence the
urea gradient (16,18). In situations where-
in collecting duct permeability is normal,
in the presence or absence of ADH, and
medullary blood flow rate is unchanged
[rom the control state, the integrity ol the
NaCl reabsorptive mechanism in the thick
portion of the loop will determine the ex-
cretion of a maximally concentrated urine
(Umax). TFurthermore, during infusion of
hypertonic saline, the reabsorption of
solute-free water (TCH,O) as solute excre-
tion rises will also depend on the intact-
ness of the NaCl reabsorptive process in the
thick limb* (19). Similarly, the capacity
to excrete a maximally dilute urine, in the
absence of ADH, will be significantly cur-
tailed. If NaCl reabsorption in the loop
were impaired, the presence ol both a con-
centrating and diluting defect would occur
il the thick limb were involved throughout
its length or in its outer medullary region,
If the involvement were confined to its
cortical portion, only diluting capacity
would be impaired. This is the case be-
cause very little free-water reabsorption
takes place in the cortex even in the pres-
mring hypertonic saline infusion, T CH,O
will plateau or actually fall as osmolar clearance
mounts. This is due to the failure of the large
volumes of hypotonic urine which enter the col-

lecting duct to achicve equilibrium with the inter-
stitium (20).
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