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ABSTRACT

Our understanding of hyponatremia, defined as a serum sodium < 135
mmol/L, and hyponatremia-related diseases is in a state of flux. A better
understanding is now being established by abandoning the ineffective
volume approach that has been in existence for over 50 years. We utilized
comprehensive pathophysiologic phenomena that brought greater clarity
to understanding and identifying the different causes of hyponatremia.
An important message was to emphasize the difficulty in differentiating
the syndrome of inappropriate secretion of antidiuretic hormone (SIADH)
from appropriate antidiuretic hormone secretion in patients with cerebral
or renal salt wasting (RSW), a condition that was previously considered to
be rare among internists. Both syndromes present with identical clinical
parameters that need to be appreciated and emphasized. The new
approach demonstrated a high prevalence of RSW in hyponatremic
patients from the general medical wards of the hospital to raise the
awareness that hyponatremia is not all due to SIADH. We demonstrated
natriuretic activity in the plasma of 21 neurosurgical and 17 Alzheimer’s
disease patients by performing rat renal clearance studies while infusing
plasma from these patients. The natriuretic factor was later identified as
haptoglobin related protein without signal peptide in both groups of
patients. Interestingly, blood levels of HPRWSP appears to increase
progressively as the dementia worsens below a mini mental state
examination score of 12 in Alzheimer’s. Additional data suggest that RSW
might be present at an early stage of Alzheimer’s and these patients may
become more dehydrated as the dementia worsens. Future studies
intend to prove the existence and extent of volume depletion in
Alzheimer’s and to develop HPRWSP as a biomarker of RSW.

Keywords: Haptoglobin related protein without signal peptide, renal salt
wasting in Alzheimer’s disease, cerebral salt wasting, Haptoglobin related
protein; Alzheimer Disease; Hyponatremia; Fractional urate excretion;
Dehydration; Natriuretic factor; Renal salt wasting; Syndrome of

inappropriate antidiuretic hormone secretion.
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Introduction

The application of a physiologically derived
approach to evaluating patients with hyponatremia
and hyponatremia-related diseases has proven to
be superior to the ineffective volume approach. In
the volume approach, hyponatremic patients are
classified as being euvolemic, hypervolemic or
hypovolemic despite the general agreement that
we are unable to assess accurately the volume
status of patients by usual clinical criteria.
Differentiating the syndrome of inappropriate
secretion of antidiuretic hormone (SIADH) from
renal salt wasting (RSW) has proven to be a very
difficult task because both syndromes present with
identical clinically utilized parameters such as normal
renal, thyroid, and adrenal function, hyponatremia,
hypouricemia, excreting a concentrated urine
where urine osmolality is > plasma osmolality, urine
sodium concentration (UNa) usually exceeding 30
mmol/L and having a high fractional excretion of
uric acid (FEurate) The only important difference is
their volume status where patients with SIADH are
volume expanded by an excess of water as
compared to being volume depleted in RSW. This
diagnostic dilemma has thus created a therapeutic
dilemma of water-restricting water-logged patients
with SIADH or administering salt water to
dehydrated patients with RSW.

The aims of this review are to discuss the inability
of the volume approach to differentiate SIADH
from RSW and how we utilized sound physiologic
phenomena to differentiate both syndromes. This
new approach led to an unexpected high
prevalence of RSW in hyponatremic patients from
the general medical wards of the hospital®. In our
effort to understand how RSW might evolve as a
clinical entity, we demonstrated natriuretic activity
in the plasma of neurosurgical patients and of
Alzheimer disease in rat clearance experiments and
later identified haptoglobin related protein without
signal peptide (HPRWSP) as the natriuretic factor
that causes RSW@*. We also introduce RSW as a

new syndrome in AD and how these controversial

findings led to three debates over the existence of

cerebral salt wasting®.

Derivation of physiologic approach

to renal salt wasting

We encountered a hyponatremic patient with
bronchogenic carcinoma who had all of the clinical
parameters noted for SIADH, at a time when the
diagnosis of SIADH would have been made. The
presence of postural hypotension and reflex
tachycardia and brisk increase in serum sodium of
> 5 mmol/L after receiving isotonic saline infusion
would have been consistent with a hypovolemic
state®®. Based on the proposal that the coexistence
of hyponatremia and hypouricemia differentiated
SIADH from most other causes of hyponatremia by
Beck, we decided to incorporate a more
physiologic approach in our work up of this
hyponatremic patient?.

a) FRACTIONAL URATE EXCRETION

The case of hyponatremia noted above had some
complicated features such as coexistent hyponatremia
and hypouricemia to favor the diagnosis of SIADH
except for the presence of postural hypotension
with reflex tachycardia and a greater than 5 mmol/L
increase in serum sodium after isotonic saline
infusion that were consistent with a hypovolemic
state®”. RSW was also referred to as ” cerebral "salt
wasting (CSW) where this patient with bronchogenic
carcinoma lacked evidence of cerebral disease
along with a negative CT scan of brain®. Moreover,
Beck and demonstrated that the

coexistence of hyponatremia and hypouricemia

others

was accompanied by a unique relationship
between serum sodium and FEurate”'?. The
increased FEurate of > 10% that was associated
with hyponatremia normalized to <10% after

correction of hyponatremia in SIADH (figure 1).
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Figure 1. Graph demonstrating differences in relationship between serum sodium (SNa)and fractional excretion of

urate (FEurate) in syndrome of inappropriate secretion of antidiuretic hormone (SIADH) and renal salt wasting (RSW).

Blue areas represent normal values of SNa and FEurate. Note normalization of FEurate in SIADH and persistent increase

in FEurate in RSW after correction of hyponatremia. Reference 24

FEurate determines the percent of filtered urate at
the glomerulus that is excreted in the final urine.
Urate is transported by reabsorbing and secretory
transporters that are exclusively found in the proximal
tubule with no transport in the distal nephron
and can be calculated by the following formula on
urine and blood collected at the same time:

urine urate urine creatinine

FE urate in % = + —
serum urate serum creatinine

X 100
urine urate X serum creatinine

" urine creatinine X serum urate

X 100
Despite the absence of cerebral disease, we
hypothesized that the patient suffered from RSW
and that FEurate of 26.5 % in this patient would
remain persistently increased after correction of
hyponatremia by water-restriction as compared to
normalization in SIADH®. FEurate did indeed
remain elevated at 14.7 % after correction of
hyponatremia by water restriction. When the
patient was water restricted, he developed signs
and symptoms of extreme volume depletion such
as postural hypotension with reflex tachycardia,
postural dizziness, staggered gait, slurred speech,
confusion and somnolence when he stood up. He
responded well to isotonic saline infusions which
corrected his hyponatremia and symptoms of

extracellular volume depletion (figure 1)®. As will

be discussed later, isotonic saline does not correct
the hyponatremia in SIADH. We went on to
demonstrate this same persistently high FEurate
after correction of hyponatremia in 4 more patients
(metastatic pancreatic carcinoma with ascites,
bronchogenic carcinoma metastatic to brain,
cryptococcal meningitis and Hodgkins’s disease).
Three patients had no clinical evidence of cerebral
disease®. We have now accumulated enough
evidence to utilize this relationship between serum
sodium and FEurate to differentiate SIADH from
RSW and present more confirmatory evidence of
the absence of cerebral disease in patients with
RSW to support our proposal to change cerebral to
RSW(1,5,12714).

b) RESPONSE TO ISOTONIC INFUSION TO
DIFFERENTIATE THE SYNDROME OF
INAPPROPRIATE SECRETION OF ANTIDIURETIC
HORMONE FROM RENAL SALT WASTING

The other physiologic difference between SIADH
and RSW is the response of urine osmolality and
serum sodium concentration to the infusion of
Bartter in 1967 stated that “A
striking and consistent finding in patients with

isotonic saline.

SIADH is the persistence of hyponatremia even
when large quantities of sodium are administered” .
Jancic et al likewise comment that "It is well known

that isotonic saline infusions do not correct the

© 2025 European Society of Medicine 3



hyponatremia in SIADH but will correct the
hyponatremia in RSW!"9. We decided to test this
unique difference in response to isotonic saline
infusions to differentiate SIADH from RSW.
Because SIADH and RSW have identical clinical
parameters, we differentiated SIADH from RSW by
determining blood volume by gold standard
radioisotope dilution methods and determining

plasma renin and aldosterone levels to make
certain that we were indeed studying patients with
SIADH and RSW'2'¥. As noted in figure 2A, a
with increased blood

hyponatremic  patient

volume, and decreased plasma renin and
aldosterone levels as seen in SIADH failed to dilute
their urine or correct their hyponatremia during

isotonic saline infusions for 72 hours!?,
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Figure 2A Graph demonstrating urine osmolality (Uosm) and serum sodium (SNa) concentration in response to infusion

of isotonic saline in a patient with SIADH - note failure to excrete dilute urines or correct the hyponatremia despite

isotonic saline infusion. Reference 13

In contrast, infusion of isotonic saline in a patient
with an unequivocal diagnosis of RSW by having a
decreased blood volume and increased renin and
aldosterone levels diluted her urine at 13 hours when

antidiuretic hormone level in plasma was undetectable
and corrected her hyponatremia 48 hours after
initiating isotonic saline infusion (figure 2B)"?.
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Figure 2B Graph demonstrating urine osmolality and serum sodium concentrations during infusion of isotonic saline

in a patient with hip fracture and absence of clinical cerebral disease. Reference 12

This patient with RSW illustrates the physiologic
that with  RSW  have
appropriate increase in antidiuretic hormone (ADH)

principle patients an

levels as opposed to being inappropriate in

© 2025 European Society of Medicine

SIADH. Under normal conditions, the volume
stimulus for ADH secretion is more potent than the
osmolar stimulus. A volume depleted patient will,

thus, continue to have high ADH levels to maintain
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the hyponatremia and concentrated urine as long
as they remain volume depleted, (figure 3). Isotonic
saline infusion eliminates the more potent volume

stimulus of ADH secretion to allow the coexistent
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hypo osmolality to inhibit ADH secretion to dilute

the urine by increasing free water excretion and

correct the hyponatremia (figures 2B and 3)""7.
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Figure 3. Graph showing antidiuretic hormone response to volume and osmolality where the volume stimulus in red

lines is more potent than the osmolar stimulus. Note the marked increase in antidiuretic hormone levels as the patient

becomes volume depleted despite the hypoosmolality of plasma‘®. Reference 17

As noted in figure 4, most of the causes of
hyponatremia can be identified with greater
accuracy by determining FEurate and being able to
differentiate SIADH from RSW by determining

FEurate before and after correction of
hyponatremia and determining whether isotonic
saline infusions will lead to excretion of dilute

urines and correction of their hyponatremia.
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Figure 4. Figure demonstrating the value of determining the fractional excretion of urate (FEurate) in determining most

of the causes of hyponatremia and the response of FEurate before and after correction of hyponatremia. Reference 1

High prevalence of renal salt wasting

in hyponatremic patients

This new approach to hyponatremia demonstrated
the value of determining FEurate and response to
isotonic saline infusions to identify with greater
accuracy the different causes of hyponatremia in 62
hyponatremic patients from the general medical
wards of the hospital. We found 24 (38%) to have
RSW, 21 without clinical evidence of cerebral
disease to support our proposal to change cerebral
to RSWU9,
FEurate after correction of their hyponatremia and

Eleven had persistently increased

19 diluted their urine within 24 hours after initiating
isotonic saline infusions, with 2 having appropriate
undetectable levels of plasma ADH when the urine
was dilute. Isotonic saline infusions induced
excretion of dilute urines to normalize serum
sodium within 48 hours in 19 patients with 10
requiring 5% dextrose in water to limit an increase
in serum sodium to 6 mmol/L or less in 24 hours to
prevent osmotic demyelinatio®. Seventeen (27%)
had SIADH based on five normalizing a previously
increased  FEurate  after  correcting  their
hyponatremia and 11 failed to excrete dilute urines
or correct their hyponatremia when infused with
isotonic saline for 72 hours. Nineteen (31%) had a
reset osmostat based on a normal FEurate in all 19
patients and 8 spontaneously excreted dilute urine,
which is virtually diagnostic of a reset osmostat"?.

Of note is that 2 of 17 patients with SIADH, 5 of 19

patients with a reset osmostat and 10 of 24 patients
with RSW had baseline UNa less than 20 mmol/L.
One patient had a low FEurate because of Addison’s
disease and one due to hydrochlorothiazide™. The
value of determining FEurate to identify patients
with SIADH, reset osmostat and cerebral/renal salt
been demonstrated in

wasting has also

hyponatremic pediatric patients®.

Pathophysiology of renal salt wasting

a) INITIATION PHASE
A comorbid inflammatory condition induces a
genetic upregulation of a natriuretic protein,
identified as haptoglobin related protein without
signal peptide (HPRWSP), that decreases sodium
and water reabsorption in the proximal tubule to a
point where sodium and water excretion exceeds
intake to reduce total body sodium and water and
creates a volume depleted state. This can be
observed clinically by a rapid increase in urinary
volume to induce a volume depleted state with
hemodynamic, neural and hormonal adjustments
that will respond to isotonic saline infusions®. The
volume stimulus for ADH
plasma ADH

hyponatremia as long as the patient is drinking

potent secretion

increases levels to induce

sufficient amounts of water, as virtually all
hyponatremic states require sufficient water intake.
Water intake must significantly exceed insensible

water losses of about 500 ml/day in order to induce

© 2025 European Society of Medicine 6



hyponatremia. This was apparent when daily
injections of pitressin to normal human subjects or
dogs required an increase in water intake to induce
hyponatremia®?. If the subject was receiving
isotonic saline infusions with little or no water
intake, the development of hyponatremia would
be highly unusual unless the patient undergoes the
rarely observed desalination where the concentration
of sodium and potassium in the urine far exceeds
their concentrations in the intake fluid®. As will be
discussed later, patients with RSW can be
hyponatremic or normonatremic depending on
whether their intake of water is sufficient or whether
they received isotonic saline infusions, respectively.
Conversely, the lack of sufficient water intake
largely defines all cases of hypernatremia.

b) EQUILIBRATED STATE AND CONCEPT OF SALT
WASTING ESCAPE

The concept of balance underlies the phenomenon
of escape as discussed in greater detail
elsewhere®, When discussing sodium balance, our
day-to-day intake and output of sodium remain in
a state of balance. When this balance is disrupted
by RSW, it is understandable that the body cannot
sustain the initiating phase of RSW where sodium
output exceeds sodium input because this will
eventually lead to loss of all exchangeable sodium
in the body. To escape this life-threatening
outcome, the body escapes this short-lived state
by activating hemodynamic, hormonal and
neuronal compensations that reduce sodium
excretion to match sodium intake to reach a new
steady state but at a reduced extracellular volume.
The degree of volume depletion will depend on
the severity of the defect in sodium transport, and
salt intake. Most patients with RSW are seen in this
state of renal salt wasting escape and are in sodium
balance at a lower extracellular volume which is
impossible to determine by usual clinical criteria.
The baseline UNa of < 20 mmol/L in 2 of 17
patients with SIADH, 5 of 19 with RO and 10 of 24
patients with RSW suggest that the patients with
RSW had - inflammatory conditions that reduced
appetite and salt intake when seen during the

equilibrated state after they escaped the initiation
phase of RSW". These data suggest that UNa
exceeding 30 to 40 mMol/L has less importance in
identifying patients with RSW or even SIADH.

Demonstration of the existence of

a natriuretic factor in plasma
When it became evident that RSW appeared to be

a syndrome that definitely existed, we proposed in
1993 that a circulating natriuretic protein in plasma
might be inducing RSW. We performed renal
clearance studies in rats by infusing plasma from
patients suspected of having RSW. We felt that a
rat model would be ideal for purposes of
demonstrating natriuretic activity because it
allowed all counteracting forces to come into play
as compared to limited options in in-vitro methods.
We studied two groups of patients. The first study
included 21 neurosurgical patients who commonly
suffer from RSW as proven by critical blood volume
studies®®?”), The second study included 18
patients with Alzheimer disease (AD) who were
suspected of having RSW because of being
hypouricemic from a proposed increase in
FEurate®?. These Alzheimer’s patients indeed had
higher FEurates than patients with multi-infarct
dementia (MID)/vascular dementia or in age and
gender matched controls®. We included patients
with more advanced AD with mini mental state
examination (MMSE) scores <12 to improve our
chances of demonstrating natriuretic activity in
their plasma®. Because urate is transported
exclusively in the proximal tubule, we hypothesized
that the natriuretic protein had its major effect on
the proximal tubule”. We, therefore, included
lithium in these studies because lithium was being
used as a marker of proximal tubular sodium
transport as sodium and lithium were transported
on a one- to- one basis only in the proximal
tubule®. There were no changes in blood
pressures or glomerular filtration rates in both
studies. The fractional excretion of lithium
increased from a control of 22.3 % and 27.2 % to
36.6 % and 41.7 % and FEsodium increased from a

© 2025 European Society of Medicine 7



control of 0.3 % and 0.33 % to 0.59 % and 0.63 %
in the neurosurgical and Alzheimer groups,
respectively. Utilizing FELithium as a measure of
proximal tubular sodium transport allowed us to
estimate the enormous capacity of the distal
nephron to transport sodium; being 22% (22.3-0.3)
and 36.01% (36.6-0.59) and 26.87% (27.2-0.33) and
41.07% (41.7-0.63) reabsorption in the control and
neurosurgical and control and AD plasma,
respectively. Both studies were published in 1993
at a time when the state of protein analysis
prevented us from identifying the natriuretic
protein®?. We eventually identified the natriuretic
protein in 2020 in a patient with a subarachnoid
hemorrhage (SAH) and another with AD as
HPRWSPY. The ability to estimate sodium
transport in the proximal tubule by determining
FELithium identified the proximal tubule as the
major site of HPRWSP action. It should also be
pointed out that both
normonatremic. We identified RSW occurring in

patients  were

the normonatremic SAH patient by documenting
the transition from the initiating to the escape
phases of RSW®, The absence of hyponatremia in
the SAH patient can be explained by isotonic saline
infusions being a standard of care for these
patients to prevent cerebral vasospasm and
ischemia of brain, as well as decrease morbidity
and mortality when these salt-wasting patients
restricted for a

SIADH®?,  The
normonatremia in the AD patient could be

were erroneously  water
“presumed”  diagnosis  of
explained by the lack of water intake due to age-
related changes in thirst mechanism and their
These  data
normonatremic RSW is a common disorder that

dementia®". suggest  that

needs well-defined criteria for identification.

Identification of Haptoglobin Related
Protein Without Signal Peptide as

inducer of renal salt wasting
The demonstration of a natriuretic protein existing
in the plasma of patients with neurosurgical and

Alzheimer diseases in 1993 were notable for

exposing the possible high prevalence of RSW in
both populations of patients. Both studies were
characterized by identical increases in FEsodium,
FE lithium and stability of blood pressure and
glomerular filtrations rates. (2,3) Improvements in
protein analyses over the subsequent years
simplified identification of the natriuretic factor as
HPRWSP in the sera of RSW associated with SAH
and a new syndrome of RSW in AD. It is interesting
to note that haptoglobin related protein with signal

peptide had no natriuretic activity in our rat model

During acute and active inflammation, a number of
acute phase reactants are produced in the liver in
response to the cytokine IL-6. Among them are the
haptoglobin family (HP) which includes three
phenotypes, HP 1-1, HP 1-2 and HP 2-2, as well as
haptoglobin related proteins with and without
signal peptide. All have different activities ranging
from binding free hemoglobin, serving as the
trypanosome lytic factor, natriuretic activity, and
modlification of the inflammatory process — some
proinflammatory and others anti-inflammatory.
Increased HP has been reported in a multitude of
conditions, including many infections, diabetes,
obesity, cardiovascular disease, peripheral vascular
disease, and head injuries®'®

© 2025 European Society of Medicine 8
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Figure 5. Dose-response increases in fractional sodium excretion and urine flow rates to increasing dose of the

natriuretic peptide, haptoglobin-related protein without signal peptide. Reference 4

Haptoglobin related protein (HPR) is a primate
specific protein that has a 91% homology with
haptoglobin 1-1, a gene locus 2.2 kilobases
downstream from the haptoglobin locus and is
produced in the liver®”. The signal peptide for HPR
contains 18-22 amino acids that are located at the
N terminus of the mature molecule. The signal
peptide with its hydrophobic mid-section is critical
the the
endoplasmic reticulum, Golgi and
channels in the fatty cell membrane where signal

for translocating protein  through

apparatus

peptidases cleave the signal peptide before exiting
the cell. A protein with a signal peptide will remain
in the cytosol-while most if not all proteins are
secreted without the signal peptide. Since signal
peptides are known to be cleaved prior to protein
exiting the cell, there is little mention of proteins
being determined with and without the signal
peptide, the assumption being that it makes little
difference or circulating signal peptides rarely
accompany the mature protein molecule. In terms
of HPR, however, it is critical to determine how
much of the secreted protein contains the signal
peptide because HPR with the signal peptide had
no natriuretic activity. The retained signal peptide
of HPR is unusual but is critical to the formation of
the trypanosome lytic factor by combining with

high density lipoprotein-apolipoprotein L-18%42.

© 2025 European Society of Medicine

The signal peptide assumes a critical roof being
recognized by the receptor on the trypanosome for
the
Haptoglobin related protein,

endocytosis and  eventual lysis  of
trypanosome!042,
like haptoglobin, is known to have high-affinity
hemoglobin-binding but does not bind to the
monocyte/macrophage-specific scavenger receptor
CD163%9. It is a relatively unknown protein except
for being recognized as an important constituent
of the trypanosome lytic factor, potential role as a
tumor antigen, marker for idiopathic pulmonary
fibrosis and now the natriuretic protein that induces
RSWH“4443 " Because of the important role of the
signal peptide in the trypanosome lytic factor, it is
important to develop an assay that solely determines
blood levels of HPRWSP. Haptoglobin related
protein without signal peptide can be developed
as a biomarker to identify the potentially large
population of RSW patients with and without
hyponatremia on first encounter to deliver the

appropriate therapy to improve clinical outcomes.

Debates over the existence and

prevalence of renal salt wasting
The publication of a high prevalence of RSW in 62

hyponatremic patients in the general medical
wards of the hospital and identification of HPRWSP

9



as the natriuretic protein that causes RSW
generated much attention from the nephrology
community. ¥ Three debates were conducted in
2022 and 2023: one in April 2022 as part of the
annual meeting of the National Kidney Foundation
in Boston, another published by the American
Society of Nephrology in Kidney360 in June
202247 and at the annual meeting of the
Pediatric Society of Nephrology in Buenos Aires,
Argentina in March 2023. None of the debaters
arguing against the existence or prevalence of
RSW presented data that FEurate determinations
and response to isotonic saline infusions do not
differentiate SIADH from RSW. It is beyond the
scope of this review to discuss the debates except
to point out that many criticisms are physiologically
incorrect and that two editorials claiming the rarity
of cerebral or renal salt wasting cite an article of 49
hyponatremic patients due to a subarachnoid
hemorrhage who corrected their hyponatremia in a
median of 3 days while infusing isotonic saline
infusion alone and erroneously concluded that they
all had SIADH“%9  As discussed earlier, isotonic
saline infusion corrects the hyponatremia in RSW
but not SIADH. The diagnosis of SIADH was made
by the criteria proposed by Schwartz et al without
recognizing that these parameters are identical to
those found in RSW®V. Any manuscript citing the
original criteria for SIADH as the sole means by
which the diagnosis of SIADH is made without
going through the rigors of differentiating SIADH
from RSW should be seriously held in question.
Developing HPRWSP as a biomarker of RSW will be
able to establish the diagnosis of RSW on first
encounter and to identify the appropriate

treatment that will improve clinical outcomes.

A new syndrome of renal salt wasting

in Alzheimer’s disease
The concept of dehydration or hypovolemia has
been frequently used interchangeably but there is

a consensus that both represent two distinct

clinical entities that is worthy of comment®?.
Dehydration has been classified as “hypertonic

dehydration or “isotonic dehydration”.

a) HYPERTONIC DEHYDRATION

Hypertonic dehydration characterizes a syndrome
that is due to relative and/or absolute abnormalities
in total body water where a direct measurement of
serum or plasma osmolality of > 300 mOsm/kg
excluding the presence of nonelectrolyte solutes
such as glucose is the gold standard determination
dehydration®?.
dehydration is very applicable to patients with AD

of  hypertonic Hypertonic
because of their failure to drink sufficient amounts
of water due to an age-related defect in thirst
mechanism and dementia. The major abnormality
in hypertonic dehydration is a failure to ingest
adequate amounts of water to compensate for
insensible water losses or to larger degrees of
water loss such as sweating. In this situation the
water deficits will induce hypertonicity of the
extracellular space, which would osmotically
increase water movement out of most cells whose
membranes are freely permeable to water. This
movement of water minimizes the reduction in
extracellular water volume at the expense of a

reduction in cell volume®?.

b)ISOTONIC DEHYDRATION

In contrast to hypertonic dehydration, Isotonic
dehydration is defined by a state of hypovolemia
resulting from water and salt losses such as in
prolonged diarrhea, vomiting, hemorrhage and
now the newly introduced concept of volume
depletion due to a new syndrome of RSW in AD.
As discussed earlier, it is extremely difficult to
assess the volume status by clinical criteria even by
using the National Institute for Health and care
Excellence (NICE) guidelines which can be used to
determine whether fluid resuscitation is needed.
They suggest the following criteria: 1. systolic
blood pressure is < 100 mmHg.; 2. Heart rate > 90
beats per minute; 3. Capillary filling pressure > 2
seconds or peripheries are cold to touch; 4.
respiratory rate > 20 breathes per minute; 5.

National Early Warning Score (NEWS) of 5 or more.
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An increase in pulse rate of > 30 beats per minute
from a sitting to standing position is consistent with

hypovolemia due to significant blood loss®?.

A blood urea nitrogen (BUN) to creatinine ratio of
> 20 has been shown to be consistent with
hypovolemia but we have found it to be absent in
patients with RSW due to HPRWSP [8,9]. Because
HPRWSP has its major effect on sodium and water
transport in the proximal tubule, we have not been
able to demonstrate a higher BUN to creatinine
ratio in patients with RSW2"¥. The inhibition of
sodium and water transport induced by HPRWSP in
the proximal tubule reduces the ability to increase
urea concentration in the proximal tubule for
passive reabsorption of urea. This is contrasted to
hypovolemia in patients with normal kidney
function who develop prerenal azotemia, which is
characterized by an increase in proximal tubule
sodium and water reabsorption to incre ase the
urea concentration gradient for passive urea
reabsorption to increase BUN to creatinine ratio, a
hallmark of prerenal states. It appears that patients
with AD suffer from hypertonic and isotonic
dehydration. The failure to recognize volume
depletion in AD supports our contention that we
cannot accurately assess the volume status of
patients by clinical criteria.

A new syndrome of renal salt wasting
in Alzheimer’s disease induced by
haptoglobin related protein without
signal peptide

We previously demonstrated the presence of
natriuretic activity in the plasma of 21 and 18
patients with neurosurgical diseases and Alzheimer
disease, respectively®?. We have already shown a
high prevalence of RSW in hyponatremic patients
from the general medical wards of the hospital and
for the first time demonstrate the possibility of RSW
occurring in normonatremic patients with AD. 34
We decided to study patients with advanced AD to
improve our chances of demonstrating natriuretic
activity in their plasma and surprisingly found
FELithium to increase rapidly as mini mental state
examination (MMSE) scores decreased from 12 to
0, (figure 6)®. Note the progressive increase in
FELithium as mini mental state examination scores
decrease from 12 to 0. Because there is a dose-
responsive increase in FELithium to increasing
doses of the natriuretic peptide, blood levels of the
natriuretic peptide must be increasing to augment
patients’ volume depletion. It is important to note
that there is possibility of volume depletion being
present at very early stages of dementia.

® Alzheimer
r=-0.71
p < 0.0005
0 A Multi-Infarct Dementia
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FIGURE 6: Graph showing fractional excretion of lithium in rats infused with plasma of patients with advanced Alzheimer's

disease as compared to patients with multi-infarct dementia. MMSE=minimental state examination score. Reference 3
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Since there was a dose response increase in
FEsodium and FELithium with HPRWSP, the blood
levels and severity of RSW must have been
increasing as the patient became more demented,
(figures 5 and 6)"?. It is interesting to note that
levels of haptoglobin (HP) and HPR appear to have
a parallel relationship in  human plasma®®.
Haptoglobin levels have been shown to be higher
at a time when the patient with AD is at an early
stage when they have mild cognitive impairment
(MCIl) and increase further as the degree of
dementia increases®>*?, Haptoglobin 2-2 genotype
has been reported to be associated with renal salt
wasting in patients with aneurysmal SAH suggesting
that the blood levels of HPRWSP were increased to
induce RSW as haptoglobin did not have natriuretic
activity despite being increased in our patient with
SAH and RSW“*>" These data suggest that the
increasing HP levels at early stages of AD may be
associated with increased levels of HPRWSP and
increasing volume depletion as the dementia
worsens, (figurer 5)°>% Future studies should
address the possibility that RSW due to HPRWSP
can serve as a biomarker of RSW at different stages
of the dementia in AD, including MCI. The failure
to demonstrate natriuretic activity in the plasma of
patients at earlier stages of AD in our rat studies
can be explained by rat clearance protocol where
the rats were exposed to 2.5 ml of plasma given
over a 4.5-hour period??. As will be discussed
below, this is contrasted to the persistent exposure
of AD kidneys to the natriuretic protein that may be

present at earlier stages of AD.

Differences in upregulation of the
gene that increases production of
haptoglobin related protein without
signal peptide

It appears that the gene that upregulates the
production of HPRWSP has variable degrees of
potency and duration. Our study of RSW in the

general medical wards of the hospital appears to
demonstrate a relatively short period of upregulation

of the gene because RSW subsided after resolution
of their comorbid, inflammatory condition in 1 to 3
weeks". In AD, however, there appears to be a
persistent upregulation of the gene and HPRWSP
levels. This means that every organ of the body will
be exposed to HPRWSP as long as AD exists.
Because of the persistent exposure of all organs of
the body to this novel and relatively uninvestigated
protein, there is an inclination to wonder about the
effect of HPRWSP on all organs of the body,

especially brain.

Future studies intend to develop HPRWSP as a
biomarker of RSW at all stages of AD, including
those with MCIl. Because HPR with the signal
peptide did not have any natriuretic activity, it is
important to determine HPRWSP levels in all of
these studies. The present ELISA for determining
HPR levels in plasma does not differentiate whether
HPR has or lacks the signal peptide. Although most
or all signal peptides are cleaved by signal
peptidases before exiting the cell, HPR with signal
peptide is present in the circulation as a key
element in the trypanosome lytic factor“®*?. We
are in the process of developing strategies to
determine HPRWSP levels in our studies. It will also
be interesting to develop an inhibitor to HPRWSP
to treat patients with RSW and to assess clinical
outcomes, especially brain function in AD. An
inhibitor to HPRWSP will improve treatment of all
patients with RSW because isotonic saline infusions
significantly increase urine output and nocturia to
create poor quality of life issues. Our sense is that
RSW is probably a common syndrome in AD that
highlights our perceived inability to assess the volume
status of patients by usual clinical criteria. Lastly, we
must emphasize the probability of RSW occurring
commonly in normonatremic patients, especially in

neurosurgical patients and in intensive care units.

In conclusion, we describe the development of a
more physiologic approach to evaluating patients
with hyponatremia and potentially large population
of normonatremic patients with RSW. This physiologic
approach was found to be superior to the

ineffective volume approach. This new approach
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showed a high prevalence of RSW in hyponatremic
patients from the general medical wards of the
hospital that were contrary to the view among
internists that RSW was a rare clinical entity.
Moreover, rat clearance studies demonstrated
natriuretic activity in the plasma of patients with
neurosurgical diseases and with AD. The natriuretic
factor was later identified as HPRWSP. These
controversial data led to three debates that
contested the existence and prevalence of cerebral
salt wasting which is more appropriately being
termed RSW. None of the doubters of RSW have
provided data to prove our physiologic approach
to be wrong. Future studies intend to develop
HPRWSP as a biomarker of RSW in hyponatremic
and normonatremic patient with RSW, including
the probability of a high prevalence of a new
syndrome of RSW in AD.
identify patients with RSW on first encounter at

The biomarker will

which time the appropriate therapy will improve

clinical outcomes.
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