














Table 1. Baseline characteristics

SIAD (n =357) CSW (n =25) RSW (n=24) MRHE (n=13) P-value”

Age, years 62.5+8.5 65.1+8.7 64.6 + 8.4 76.8+4.1° <.001
Female 176 (49.3) 12 (48.0) 13 (54.2) 6 (46.2) 541
Serum sodium level (mmol/L) 131.6 +2.8 129.4+2.5 130.6 +2.7 127.3+2.9° .016
No secretion of AVP 22(6.2) 0 (0.0) 0 (0.0) 0 (0.0) <.001
Frequency, % (hyponatremia n = 997) 35.8 2.5% 2.4 1.3 <.001
Decreased extracellular fluid volume® 31(8.7) 17 (68.0)° 15 (62.5) 11 (84.6)° <.001
Serum sodium after saline administration (mmol/L) 131.4%3.0 (n=31) 135.5+2.8 (n=18)" 135.922.9 (n=18)° 136.2 3.0 (n=10)° 007
Serum sodium after water restriction (mmol/L) 138.6 £3.2 (n=216) 128.9+2.9 (n=7) 129.7+3.1 (n=6)° 1282 2.7 (n=3)" <.001
Serum uric acid level 3.4%0.5 3.1+0.5° 32:04 46+05° <.001
[male, 3.6-7.0 mg/dL; female, 2.7-7.0 mg/dL]

FEya [5.5-11.1%] 142+3.5 20.6+5.1 19.7 + 4.8° 12.6 +3.3” <.001
FEya after correction for serum sodium level 10.8+2.9 18.7+3.7° 17.5+4.0° 12.2+2.5° <.001
FEp [10-19%] 11.4+33 20.1+5.3% 21.3+5.4° 19.8 + 4.6 <.001
PRA [0.2-3.9 ng/mL/h]/PAC [4.0-82.1 pg/mlL] 0.4+0.01/5.7£0.3 0.3:0.01/8.1+0.5 2.6+0.11%/73.5+ 6.4 0.8+0.03%/28.4 3.2 <.001

Data are n (%) or mean * standard deviation. Reference ranges are shown in square brackets.

Abbreviations: AVP, arginine vasopressin; CSW, cerebral salt wasting; FEp, fractional excretion of phosphorus; FEy, fractional excretion of uric acid; MRHE, mineralocorticoid responsive hyponatremia of the elderly; PAC, plasma
aldosterone concentration; PRA, plasma renin activity; RSW, renal salt wasting; SIAD, syndrome of inappropriate antidiuresis.

“P-values were analyzed using ANOVA.

¢P-values were analyzed using Dunnett’s test, where P < 0.05/3 = 0.016 is considered statistically significant.
“The attending physician evaluated the presence or absence of the following items to assess a decrease in the extracellular fluid volume. Physical examination findings: decreased skin turgor, dryness in the oral cavity, dry tongue, dryness
in the armpits, sunken eyeballs, and prolonged capillary refill time in the fingernails (adults: > 2-3 seconds, older people: > 4 seconds). Vital signs: weight loss (more than 3% of body weight in a short period), increased pulse rate,

decreased blood pressure, and orthostatic hypotension. Laboratory test findings: decreased urine output (<500 mL/day), FEyn < 35%, increased serum albumin levels, elevated hematocrit, and an increase in the blood urea nitrogen/

creatinine ratio.
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Table 2. Supplementary diagnostic criteria for SIAD, CSW, RSW, and MRHE
SIAD CSwW RSW MRHE
Frequency of occurrence High Low Low High in the elderly?
Extracellular fluid volume Euvolemia Hypovolemia
Serum sodium after saline administration Unchanged to worse Unchanged to improve
Serum sodium after water restriction Improve Worsening
Serum uric acid level [male, 3.6-7.0 mg/dL; female, 2.7-7.0 mg/dL] Low Low Unknown
FEya [5.5-11.1%] Increase Remarkable increase Unknown
FEya after correction for serum sodium level Normalized Remained increased Unknown
FEp [10-19%] Normal Increased Unknown
PRA [0.2-3.9 ng/mL/h] / PAC [4.0-82.1 pg/mL] Decreased Decreased Increased Normal to decreased

Treatment

water restriction, salt load, tolvaptan saline administration, mineralocorticoid

(fludrocortisone)

Reference ranges are shown in square brackets.

Abbreviations: CSW, cerebral salt wasting; FEp, fractional excretion of phosphorus; FEy,, fractional excretion of uric acid; MRHE, mineralocorticoid responsive
hyponatremia of the elderly; PAC, plasma aldosterone concentration; PRA, plasma renin activity; RSW, renal salt wasting; SIAD, syndrome of inappropriate antidiuresis.

the features of these 4 disorders in Table 2 (24-27) and com-
pared them with our results shown in Table 1.

SIAD

The diagnostic criteria of SIAD are that the patient’s extracel-
lular fluid volume is in the normal range (euvolemic) and the
following conditions are met (28): (1) plasma osmolality
<275 mOsm/kg; (2) urinary osmolality >100 mOsm/kg; (3)
urinary sodium levels >30 mmol/L; (4) normal thyroid, ad-
renal, and pituitary functions; and (5) no recent history of di-
uretic use.

However, supplementary diagnostic criteria (24-27) (Table 2)
should also be considered. Serum uric acid levels <4 mg/dL sup-
port the diagnosis of SIAD. Additionally, an FEy, (reference
range: 5.5-11.1%) of between 10% and 12% supports the diag-
nosis of SIAD (29), whereas an FEy4 <8 % suggests a differential
diagnosis from SIAD (30). We found that all 4 disorder groups
with the same SIAD diagnostic pattern, except for the MRHE
group, had serum uric acid levels <4 mg/dL, and the FEy, in
the SIAD group was between 10% and 12%.

The secretion of arginine vasopressin (AVP), which is an
antidiuretic hormone, is typically triggered by an increase in
plasma osmolality and a decline in hemodynamic stability,
and it ceases when plasma osmolality falls below
280 mOsm/kg (31, 32). However, in SIAD, AVP is inappro-
priately secreted even under this condition, resulting in free
water retention. Excessive AVP secretion is not required for
the diagnostic criteria; an abnormal AVP secretion is simply
observed as a result. Therefore, in recent years, blood AVP lev-
els have not been included in the diagnostic criteria of SIAD,
and the notation is often changed from the syndrome of in-
appropriate antidiuretic hormone secretion to SIAD. There
have been cases of SIAD without AVP secretion, and another
study reported that 5% to 10% of those diagnosed with SIAD
had no AVP secretion (33). These findings correspond to type
C of STAD, a reset osmostat, and type D, which involves an ab-
normality in AVP receptors (33-35). Of the 419 individuals
who showed the SIAD pattern (357 with SIAD, 25 with
CSW, 24 with RSW, 13 with MRHE) in our study, the number
of patients whose AVP levels were below the level of detection
was 22 (6.2%), 0 (0.0%), 0 (0.0%), and 0 (0.0%), respective-
ly. Our findings also support these previous studies.

The main treatments for SIAD consist of water restriction,
salt supplementation, and oral vaptans (antidiuretic hormone
receptor blockers) therapy. The use of vaptans has been asso-
ciated with side effects such as thirst, frequent urination, and
fatigue (33). Additionally, rapid correction of serum sodium
levels by vaptans poses a risk of osmotic demyelination syn-
drome (36). This condition can be life-threatening, particular-
ly in elderly patients with chronic hyponatremia, requiring
vigilant monitoring and caution. On the other hand, recent
evidence has increasingly supported the efficacy and safety
of oral urea therapy for SIAD-related hyponatremia (2, 37,
38). Based on these findings, we did not use urea for SIAD
treatment in this trial; however, we would like to consider it
as a potential treatment option in the future.

csw

SIAD and CSW are the main differential disorders of hypona-
tremia associated with intracranial disorders, such as head
trauma, brain tumor, subarachnoid hemorrhage, and neuro-
surgery. CSW occurs owing to reduced sympathetic input to
the juxtaglomerular apparatus of the kidney, leading to a sup-
pression of the RAA system (39). This suppression decreases
renal reabsorption of sodium and uric acid while increasing
water diuresis, ultimately causing hyponatremia and a
reduction in the extracellular fluid volume (40). In addition,
increased secretion of atrial natriuretic peptide and brain
natriuretic peptide promotes excessive excretion of sodium
and water, worsening hyponatremia and hypovolemia (41).

The differentiation between SIAD and CSW is based on sup-
plementary diagnostic criteria other than the evaluation of
extracellular fluid. Specifically, symptoms of CSW are charac-
terized by improvement after saline administration and wor-
sening with water restriction, but distinguishing between
these 2 disorders at presentation is often difficult. In fact, in
our study, after the treatment of water restriction, we did not
observe a significant improvement in serum sodium levels in
the CSW, RSW, or MRHE groups. The treatment for STAD
is water restriction and tolvaptan, while that for CSW is saline
supplementation and fludrocortisone, which are fundamental-
ly different. Therefore, careful observation and investigation
after hospitalization are necessary.
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In patients with CSW, the FEya remains elevated after cor-
rection of serum sodium levels, which is useful in differentiat-
ing CSW from SIAD. Persistent proximal tubular damage in
CSW is the reason for the sustained elevation of the FEya
(24). In our study, the FEy 5 in the CSW group was significant-
ly higher than that in the SIAD group, and the elevated FEy,
persisted even after correcting for serum sodium levels. CSW
as well as RSW can lead to significantly high urinary sodium
levels (42, 43). Measuring urinary sodium levels at the initial
diagnosis is also important for differentiating from SIAD.

Hyponatremia following intracranial disorders or head sur-
gery can aid in the diagnosis of probable CSW. In our study,
all (100%) of the 24 patients with CSW also had intracranial
disorders or had received head surgery. In contrast, of the 357
patients with SIAD, only 49 (13.7%) had these conditions.

RSW

In patients with RSW, tubular damage impairs sodium re-
absorption and increases the excretion of sodium and water
into the urine, causing hyponatremia and extracellular fluid
depletion. As a result of this process, the RAA system is en-
hanced (40). Human and animal studies have demonstrated
that the inwardly rectifying potassium channel Kir5.1
(KCNJ16) controls electrolyte homeostasis and blood pres-
sure. Previous studies have identified several biallelic muta-
tions of KCNJ16 in humans, and these can cause RSW (44).

The difference between RSW and hyponatremia due to re-
nal failure is that the former shows hypovolemia and the latter
shows hypervolemia (ie, in RSW, urine output is normal or ex-
cessive, whereas in renal failure, it is reduced).

One of the key distinguishing factors between SIAD and
CSW/RSW is the FEys. While an FEy, of 10% to 12% sug-
gests STAD, an FEy, greater than 11% is indicative of CSW/
RSW (45, 46). Therefore, the FEy, in CSW/RSW is higher
than that in SIAD. Furthermore, the FEp is useful in distin-
guishing between SIAD and CSW/RSW. While the FEp in
SIAD is normal, it is elevated in CSW/RSW, often exceeding
20% (24). In our study, the FEp was significantly higher in
the CSW and RSW groups than in the SIAD group.

RSW is considered the only disorder that shows an SIAD
pattern with a hyperactive RAA system. Despite the hyper-
activity of the RAA system, urinary sodium reabsorption
does not function well because of proximal tubular damage
and continued urinary sodium excretion. In our study, pa-
tients in the RSW group also had a significantly hyperactive
RAA system compared with those in the other 3 disorder
groups.

Of the 25 patients diagnosed with RSW, none of them had
an intracranial disorder or head surgery, which is also a strong
indicator for differentiating RSW from CSW.

Notably, RSW and CSW are treated with saline administra-
tion and a mineralocorticoid such as fludrocortisone.

MRHE

MRHE is characterized by increased sodium excretion in the
urine due to reduced sodium reabsorption in the proximal tu-
bules, diminished activity of the RAA system, or decreased re-
sponsiveness of aldosterone receptors, all of which are
associated with aging. This situation leads secondarily to a de-
crease in the extracellular fluid volume. As a response, AVP se-
cretion is increased, which exacerbates hyponatremia (47).

Few studies have reported MRHE and its poorly known
features (Table 2). One study reported that MRHE was pre-
sent in 8 (24%) of 33 cases of hyponatremia in older people
(47). In our study, the mean age of patients diagnosed with
MRHE was 76.8 years, which was significantly older than
the overall mean age of 64.1 years. However, a meta-analysis
showed that all 27 patients diagnosed with MRHE did not
undergo a rapid ACTH test and were likely to have adrenal in-
sufficiency (25). We performed a rapid ACTH test on all 34
patients who were formerly diagnosed with MRHE and found
that 21 had adrenal insufficiency and 13 had MRHE. The fre-
quency of MRHE is unknown, but it may be less common
than CSW and RSW.

Previous reports have shown that the only difference be-
tween MRHE and SIAD is that urinary sodium excretion is in-
creased and there is a reduction in extracellular fluid volume in
MRHE (25, 47). However, in our study, in the MRHE group,
the FEya was the lowest among the 4 disorders, and the blood
uric acid level was the highest. This finding may be due to
hypovolemia (decreased extracellular fluid) (48).

This study was based on data from a single hospital.
Therefore, the characteristics of the hospital may have af-
fected the proportion of diseases causing hyponatremia. The
hospital in this study has a large number of patients with endo-
crine disorders or cranial nerve diseases, and it does not have a
psychiatric department. However, a high proportion of SIAD
was observed in patients with hyponatremia, as well as higher
than expected proportions of CSW, RSW, and MRHE.

Conclusion

In sum, 35.8% of patients presenting to our emergency de-
partment with hyponatremia were diagnosed with SIAD.
However, other conditions such as CSW, RSW, and MRHE
were also observed among patients initially identified with
SIAD. Accurate differential diagnosis is crucial, as these disor-
ders require distinct treatment approaches. Incorporating FEp
and FEya measurements in the evaluation of hyponatremic
patients in the emergency department can enhance diagnostic
precision and potentially improve patient outcomes.
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