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The Controversies of Hyponatraemia
iNn Hypothyroidism
Weighing the evidence
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ABSTRACT: Hyponatraemia is a common electrolyte disturbance, with moderate (serum sodium: 125-129
mmol/L) to severe (serum sodium: <125 mmol/L) forms of the disease occurring in 4—15% of hospitalised patients.
While it is relatively common, determining the underlying cause of this condition can be challenging and may
require extensive laboratory investigations. To this end, it is important to ascertain the efficacy of laboratory tests
in determining the cause of hyponatraemia. Up to 10% of patients with hypothyroidism also have hyponatraemia.
Routine evaluation of thyroid function is often advocated in cases of low serum sodium. A review and discussion
of the available literature is presented here to examine this recommendation.
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YPONATRAEMIA IS A COMMON ELECTRO-

lyte abnormality, but distinguishing its

underlying cause(s) is usually challenging,
and extensive laboratory investigations are commonly
applied.’® Excluding hypothyroidism in patients
with unexplained hyponatraemia has been widely
attempted, but the strength of such a link has not
been clearly defined and is, at times, downplayed.””
Although 10% of patients with hypothyroidism
also have hyponatraemia, clinicians often ignore
its clinical significance.! When hyponatraemia and
hypothyroidism are found to coexist, the former is
not necessarily a consequence of the latter, and other
causes of low sodium (Na) concentrations should still
be investigated.”®!° In a patient with a marked decline
of Na levels and an undetermined thyroid status,
clinicians must consider an evaluation of thyroid
function in the patient’s work-up.!® The implication
of changes in natraemia status in hypothyroidism has
yet to be fully elucidated. In spite of this, an absolute

link between hypothyroidism and Na levels is included
in standard internal medicine and subspecialty
textbooks. However, such an association should be
reaffirmed through individual testing.'-**

Cost-Effective Medicine:
Recent medical practice

A recent review suggested that about half of the most
common clinical scenarios in daily practice include
unnecessary testing and diagnostic approaches.”
This review documented 146 contemporary medical
practices that have subsequently been reconsidered
over the past 10 years. Investigators assessed 1,344
original articles that studied a novel medical practice
or tested a conventional one. Only 27% of the articles
verified an established and tested practice. Of the
articles that tested current medical practice, 40.2%
of these practices were found to be ineffective. An
additional 38% endorsed the importance of an existing
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practice while 21.8% were unconvincing.’**® In fact,
some of the most commonly utilised tests did show
some beneficial evidence in previously published
reports.” However, a careful analysis of the gathered
data and its clinical significance from the Cochrane
Database in 2004 and 2011 showed insufficient
evidence for the necessity of these practices, revealing
that they were adding more of a load to already
overburdened healthcare systems.!”

Non-Thyroidal lliness
Syndrome

Some acute and chronic medical conditions are
associated with a common biochemical derangement
of thyroid function, known as non-thyroidal illness
syndrome (N'TIS). This condition is a common cause of
medical costs in the absence of a causal intrinsic thyroid
sickness.”® Studies assessing morbidity and mortality
rates in N'TIS subjects treated with thyroid hormones
revealed no statistically significant findings.'®" These
studies found there was no need for specific therapeutic
interventions, such as the administration of thyroid
hormones, in patients with various forms of NTIS
in the context of concurrent systemic illness.’®** This
explains, in part, the futility of routine thyroid testing
in hyponatraemic patients in whom thyroid aberrancy
can be misleading. Routine testing of the thyroid in
hyponatraemic patients is based upon little evidence
and results in unnecessary testing and follow-ups for
sick euthyroid patients.'#%

THE ROLE OF VASOPRESSIN

The most noticeable peculiarity in clinically significant
hyponatraemia is its pathogenesis, which remains
highly debatable. In general, hypothyroidism has been
associated with increased total body Na, proposing
the vital role of water retention.® Regardless of the Na
levels in hypothyroid states, diminished and/or delayed
free water load excretion and impaired renal dilution
capacity are paramount, pointing towards a possible
role for vasopressin or antidiuretic hormone (ADH)
and the need for effective water excretion. However,
such a correlation in patients with hypothyroidism is
weak. In hypothyroidism, hyponatraemia seems to be
associated only with the severest cases of myxoedema
where impaired cardiac function causes baroreceptor-
mediated vasopressin secretion and total body water
retention.” In fact, the impaired excretion of water load
in hypothyroidism has been demonstrated in several
studies and it has been suggested that inappropriate
secretion of ADH might mediate water retention.’>*

Elevated vasopressin levels in patients with
hypothyroidism have been described in a variety
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of reports, yet the findings were inconsistent.'*?!-*
Previous studies have demonstrated that in rats
with hypothyroidism, there is no upregulation of
hypothalamic vasopressin gene expression; therefore
the reduction in cardiac output and glomerular
filtration rate (GFR) observed in severe hypothyroi-
dism may be due to non-osmotic stimuli to vasopressin
release.”? In 20 patients with myxoedema, raised
plasma vasopressin concentrations were observed in
cases of mild hyponatraemia (Na levels of 130-142
mmol/L).? Surprisingly, after a water challenge, 75%
of the studied individuals did not show a complete
decline in elevated vasopressin concentrations and
only 10% had a suppressible vasopressin response.
This signifies the coexistence of an intrinsic renal
mechanism unrelated to the vasopressin itself.'>*
After the achievement of euthyroidism, evaluations
of urinary excretion and vasopressin inhibition were
satisfactory following the oral water load.”

The expected osmotic trigger in patients with
hypothyroidism seems to be normal. A study by
Iwasaki et al. assessed eight patients with uncontrolled
myxoedema due to primary hypothyroidism after
infusing them with 5% hypertonic saline.’ After
the saline infusion, severe primary hypothyroidism
was observed in all patients without a convincing
suppression of the measured high vasopressin
levels.’>* Despite the findings of additional osmotic
triggering mechanisms, rising plasma osmolality and
a consequent rise in measured vasopressin levels
was sufficient in the entire patient group and mild
hyponatraemia was observed in only two patients.”
Plasma vasopressin was appropriately suppressed in
each case during water loading.*» These outcomes
show that an inappropriate rise in plasma vasopressin
is not common in myxoedema and that compromised
water elimination is predominantly due to vasopressin-
independent mechanisms. This results in impaired
water excretion and urine concentrations even when
plasma osmolality is low, which is possibly a sequel to
associated hypervolaemia.'?**

NON-VASOPRESSIN-RELATED
MECHANISMS

Intrinsic Renal Mechanisms

Reduced effective renal plasma flow and diminished
proximal tubule Na reabsorption have also been
implicated in the pathophysiology of hypothy-
roidism.?*?* In severe cases, the effective arterial
blood volume can decrease sufficiently to stimulate
arginine vasopressin (AVP) secretion via baroreceptor
mechanisms. Additionally, the impaired cardiac
function that often occurs with advanced myxoedema
can lead to an elevation in plasma AVP levels. In
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severe cases, hyponatraemia can occur secondary
to thyroxine (T)3 deficiency, affecting renal Na
tubular reabsorption.'*>?” Different factors influence
Na handling and T3 levels in adult populations,
including diet, alcohol consumption, hypertension
and renal status.” Hyponatraemia and hypothyroidism
have been found to coincide in a small number of
selected populations.”!*

ROLE OF CELLULAR LOW SODIUM/
POTASSIUM PUMP EXPRESSION AND
INTERSTITIAL DEPOSITION

The Na/potassium (K) adenosine triphosphatase
(ATPase) enzyme exchange process is the metabolic
pacemaker of thyroid hormone-responsive tissues,
leading to an increase in Na pump activity.®
Either directly at the messenger ribonucleic acid
transcriptional level or through intermediate cellular
and ionic regulators, thyroid hormones play an
essential role in regulating the complex homeostatic
regulation of ATPase activity in the cell. Na/K/ATPase
activity is higher in euthyroid states.!>*® Reduced Na/K/
ATPase enzymatic activity and impaired Na/hydrogen
exchange activity of the proximal tubular borders and
other specific segments, as part of a decline in cell
metabolism in hypothyroid conditions, can contribute
to the diminished proximal tubular capacity for Na
reabsorption in hypothyroidism.'>*

Another influence

hyponatraemia in hypothyroidism is the accumulation

probable contributing to
of interstitial mucopolysaccharides resulting in mutual
solute and fluid retention, diminishing effective tissue
perfusion and local lymphatic drainage, particularly
in myxoedema.”® In hypothyroidism, hyponatraemia
seems to be associated only with the severest cases
of myxoedema as impaired cardiac function causes
baroreceptor-mediated vasopressin secretion and
total body water retention.*® Furthermore, total body
sodium is increased, evident from isotopic studies,
and it is likely that the excess Na is bound to the
mucinous material present in the connective tissue.”
In addition, the impaired excretion of water load has
been demonstrated in several studies and it has been
suggested that inappropriate secretion of ADH might
mediate water retention.'*?

ROLE OF HYPOTHYROIDISM TYPE IN
ADULTS

Apart from myxoedema or complete hypopituitarism,
primary hypothyroidism as the principal cause of
hyponatraemia in either hospitalised or ambulatory
patients remains questionable.’*®* Reports from
studies conducted on congenital hypothyroidism and
adults with primary hypothyroidism did not show a

definitive connection between hyponatraemia and
hypothyroidism, even with a concomitant decline
in the GFR among hypothyroid patients.*** Serum
creatinine levels could be elevated in patients with
uncomplicated hypothyroidism without a significant
decrease in serum Na levels.*

Despite previous reports describing hypothyroi-
dism as a secondary cause of hyponatraemia, the
evidence for such an association is poor! This
was shown in recent studies of either congenital
hypothyroidism, iatrogenic ablated cases or adults
with primary hypothyroidism; all of these attempted
to eliminate the influence of comorbid conditions by
addressing a correlation between thyroid-stimulating
hormone (TSH) and Na levels and demonstrate a
significant change in Na concentrations as a result of
normalising the hypothyroid state.’* Such associations
were inconclusive due to the small study populations
and the presence of other confounders, together with
differences in Na handling mechanisms."'* Moreover,
when hyponatraemia accompanies hypopituitarism,
secondary hypothyroidism is generally a sign of secondary
glucocorticoid insufficiency rather than hypothyroi-
dism itself."

CONGENITAL HYPOTHYROIDISM

When hyponatraemia is detected in congenital
hypothyroid cases, alack of thyroid hormones is not the
chief influencing factor.!*'*2%%3¢ In a study conducted
by Asami et al., no cases of hyponatraemia were found
in 32 congenital hypothyroid neonates where serum
Na concentrations did not statistically differ from
those of 16 control neonates (median sodium level:
139 mmol/L).3 Furthermore, no association was found
between the measured thyroid functions and serum
Na. Moreover, two months after thyroid hormone
replacement, serum Na levels in the infants had not
changed significantly.® In this study, the elimination of
previously postulated factorsthat can affect Nahandling
in paediatric populations, such as malnutrition, acute
gastroenteritis, renal tubular disorders and syndrome
of inappropriate ADH secretion, did not confirm the
claimed direct hyponatraemia-hypothyroidism link.*!
This finding suggests other possible causes should
be investigated.>738

Further Data and Related
Mechanisms from Inpatient
and Outpatient Settings

Studies involving larger numbers of patients found
that serum Na values were comparable in subjects
with raised TSH values.’®* However, laboratory data
included hospitalised patients with raised TSH values
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due to non-thyroidal illnesses such as acute hepatitis,
nephrotic syndrome and depression.’®* Again, the
data showed an absence of a clinically applicable
relationship between newly diagnosed hypothyroidism
and hyponatraemia.!®** Moreover, looking exclusively
at serum samples of newly diagnosed hypothy-
roid patients in ambulatory settings showed a
statistically significant relationship between lower Na
concentration in a small number of individuals and
hypothyroidism; however, the relationship showed no
clinically significant importance.®® It has been found
that hyponatraemia was more common in patients
with impaired renal function at diagnosis (serum
creatinine concentrations of >1.1 mg/dL) than in
those with normal renal function, which is another
condition that can contribute to the progression of
hyponatraemia in hypothyroid cases.*

A study involving 33,912 patients in a large urban
general hospital showed matched serum Na levels in
euthyroid patients and hypothyroid patients (TSH
>40 U/L; n = 445; Na = 138.6 mmol/L). There was no
significant difference between the euthyroid subjects
(11.4%) and the hypothyroid subjects (12.8%) with
regards to the proportion of patients with serum Na
lying below the reference interval of 135 mmol/L.*

A small retrospective case series studied 10
otherwise healthy ambulatory patients with primary
hypothyroidism. These patients had a median TSH level
0f 193 pU/mL (range: 104.2—515.6 pU/mL; normal range:
0.40—5.50 pU/mL) and a median Na level of 138 mmol/L
(range: 136-142 mmol/L; normal range: 135-146
mmol/L)." The lowest Na level was 136 mmol/L with a
concurrent TSH level of 469.7 pU/ml. No single patient
was found to have a Na level lower than 135 mmol/L."
This observation suggests that hypothyroidism alone is
less likely to contribute to hyponatraemia.

A study conducted in an outpatient setting among
individuals with hypothyroidism found that for every
increase of 10 mU/L of TSH, there was a fall of only
0.14 mmol/L in the subjects’ Na concentrations.®
Thus, the elevation of TSH required for a clinically
substantial fall in Na to occur was considerable.
Again, none of the hypothyroid subjects and only
two of the control patients had Na values of <120
mmol/L. However, a relationship between lower Na
concentrations and hypothyroid status was statistically
significant, yet unlikely to be of clinical significance.®

Another retrospective study included 128 thyroid-
ablated patients with differentiated thyroid cancers
who were not receiving thyroid hormone replacement.
A mean TSH level of 130.3 mU/L and a serum Na level
of 139.3 mmol/L was observed in hypothyroid cases.
Findings confirmed the infrequency of hyponatraemia
in uncontrolled hypothyroidism; despite the observed
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elevated serum creatinine levels, there was no significant
biochemically detected hyponatraemia.®

In a retrospective review of emergency room
than 9,000 patients,
hyponatraemia was significantly more common

records including more
in patients with high TSH levels than the normal
TSH control group (<15% versus 9%, respectively;
P <0.01).° Although serum Na did not show a
significant correlation with TSH and free T4 levels,
a significant correlation was seen between free T3
levels and serum Na levels. Even though such a
borderline correlation did exist, no proven practical
electrolyte disturbances were confirmed.’* While there
may appear to be an association between thyroid
function and electrolyte disorders, it is most likely
that clinically-related electrolyte derangements, such
as hyponatraemia, are only established in extreme
hypothyroid states.

Most patients with hyponatraemia have one evident
cause, but there may be other contributory factors.
Real volume reduction can be initiated by the loss of
Na and water, leading to decreased tissue perfusion
and provoking ADH secretion. This response is
facilitated by carotid sinus-related baroreceptors.”® As
a consequence, water retention and hyponatraemia can
develop with the depletion of effective arterial blood
volume. Because hypothyroidism and hyponatraemia
are common findings in hospitalised patients, their co-
occurrence may not necessarily be causal; therefore,
other justifications for hyponatraemia should be
pursued unless hypothyroidism is severe®% A
patient may not have any symptoms that indicate a
thyroid illness that warrants further thyroid testing.
However, an unexplained reduction in the plasma Na
concentration might inspire physicians to carry out
further thyroid testing.

Recommendations

Overall, there is no strong evidence that supports
routine thyroid testing for hyponatraemia in either
hospital or outpatient encounters as compared to the
general population. A history of concurrent illness
and a medications list, as well as a careful physical
examination, may provide clues to the pathogenesis
of hyponatraemia. Hyponatraemia in hypothyroidism
cannot be ignored, but the clinical relevance of this
association is questionable. TSH levels should be
determined in challenging cases of hyponatraemia
where both vasopressin-mediated and intra-renal
mechanisms may be involved in the pathogenesis of
the condition. Thyroid assays should be ordered only
when severe hypothyroidism is suspected in order to
avoid unnecessary testing.
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Conclusion

Thyroid function tests are a simple and rapid way
of obtaining a satisfactory diagnosis for suspected
hypothyroidism. When a patient presents with
typical symptoms, the diagnosis usually does not
require a complex or invasive clinical investigation.
Although included in many diagnostic algorithms,
hypothyroidism very rarely causes hyponatraemia.
Hyponatraemia is not a disease in and of itself, but a
spectrum of diseases and/or adverse medication effects,
making it a worthy clinical challenge. Hypothyroidism
is a possible aetiology, yet other probable causes of
hyponatraemia should be sought first. The authors
of this report conclude that there is no compelling
evidence that suggests the need for routine thyroid testing
in hyponatraemia. A thorough physical examination
together with a history of the patients concurrent
illnesses and their current medications should assist
in identifying the cause of hyponatraemia. The
current era of medicine demands the elimination of
unnecessary testing. Therefore, to avoid unessential
assessments, thyroid testing should only be performed
in particularly challenging cases of hyponatraemia or
in possible cases of profound hypothyroidism.

References

1.  Reynolds RM, Seckl JR. Hyponatraemia for the clinical
endocrinologist. Clin Endocrinol (Oxf) 2005; 63:366—74. doi:
10.1111/j.1365-2265.2005.02318.x.

2. Laczi E [Etiology, diagnostics and therapy of hyponatremias.]
Orv Hetil 2008; 149:1347-54. doi: 10.1556/OH.2008.28409.

3. Thompson C, Berl T, Tejedor A, Johannsson G. Differential
diagnosis of hyponatraemia. Best Pract Res Clin Endocrinol
Metab 2012; 26:57-15. doi: 10.1016/S1521-690X(12)70003-9.

4. HudaMS, Boyd A, Skagen K, Wile D, van Heyningen C, Watson
I, et al. Investigation and management of severe hyponatraemia
in a hospital setting. Postgrad Med ] 2006; 82:216-9. doi:
10.1136/pm;j.2005.036947.

5. Adrogue HJ, Madias NE. The challenge of hyponatremia. ] Am
Soc Nephrol 2012; 23:1140-8. doi: 10.1681/ASN.2012020128.

6.  Adrogué HJ, Madias NE. Hyponatremia. N Engl ] Med 2000;
342:1581-9. doi: 10.1056/NEJM200005253422107.

7. Kilpatrick ES. Disorders of sodium balance: Hypothyroidism
and hyponatraemia: An old wives' tale? BM]J 2006; 332:854. doi:
10.1136/bmj.332.7545.854.

8. Rachoin JS, Cerceo EA. Four nephrology myths debunked. |
Hosp Med 2011; 6:E1-5. doi: 10.1002/jhm.703.

9. Roberts CG, Ladenson PW. Hypothyroidism. Lancet 2004;
363:793-803. doi: 10.1016/S0140-6736(04)15696-1.

10. Schwarz C, Leichtle AB, Arampatzis S, Fiedler GM,
Zimmermann H, Exadaktylos AK, et al. Thyroid function and
serum electrolytes: Does an association really exist? Swiss Med
Wkly 2012; 142:w13669. doi: 10.4414/smw.2012.13669.

11. Sun GE, Pantalone KM, Hatipoglu B. Hypothyroidism as a
cause of hyponatremia: Fact or fiction? Endocr Pract 2012;
18:894-7. doi: 10.4158/EP12130.0R.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Hanna FW, Scanlon MEFE. Hyponatraemia, hypothyroidism,
and role of arginine-vasopressin. Lancet 1997; 350:755—6. doi:
10.1016/50140-6736(05)62563-9.

Sari R, Sevinc A. Life-threatening hyponatremia due to
cessation of L-thyroxine. ] Natl Med Assoc 2003; 95:991—4.

Croal BL, Blake AM, Johnston ], Glen AC, O'Reilly DS. Absence
of relation between hyponatraemia and hypothyroidism.
Lancet 1997; 350:1402. doi: 10.1016/S0140-6736(05)65181-1.

Prasad V, Vandross A, Toomey C, Cheung M, Rho J, Quinn
S, et al. A decade of reversal: An analysis of 146 contradicted
medical practices. Mayo Clin Proc 2013; 88:790-8. doi:
10.1016/j.mayocp.2013.05.012.

Ioannidis JP. How many contemporary medical practices are
worse than doing nothing or doing less? Mayo Clin Proc 2013;
88:779-81. doi: 10.1016/j.mayocp.2013.05.010.

Villas Boas PJ, Spagnuolo RS, Kamegasawa A, Braz LG,
Polachini do Valle A, Jorge EC, et al. Systematic reviews showed
insufficient evidence for clinical practice in 2004: What about
in 2011? The next appeal for the evidence-based medicine
age. ] Eval Clin Pract 2013; 19:633-7. doi: 10.1111/j.1365-
2753.2012.01877 x.

Kaptein EM, Beale E, Chan LS. Thyroid hormone therapy for
obesity and nonthyroidal illnesses: A systematic review. ] Clin
Endocrinol Metab 2009; 94:3663-75. doi: 10.1210/jc.2009-
0899.

Farwell AP. Nonthyroidal illness syndrome. Curr Opin
Endocrinol Diabetes Obes 2013; 20:478-84. doi: 10.1097/01.
med.0000433069.09294.e8.

Hierholzer K, Finke R. Myxedema. Kidney Int Suppl 1997;
59:582-9.

Iwasaki Y, Oiso Y, Yamauchi K, Takatsuki K, Kondo K,
Hasegawa H, et al. Osmoregulation of plasma vasopressin in
myxedema. ] Clin Endocrinol Metab 1990; 70:534-9. doi:
10.1210/jcem-70-2-534.

Schmitt R, Klussmann E, Kahl T, Ellison DH, Bachmann S.
Renal expression of sodium transporters and aquaporin-2 in
hypothyroid rats. Am J Physiol Renal Physiol 2003; 284:F1097—
104. doi: 10.1152/ajprenal.00368.2002.

Skowsky WR, Kikuchi TA. The role of vasopressin in the
impaired water excretion of myxedema. Am ] Med 1978;
64:613-21. doi: 10.1016/0002-9343(78)90581-8.

Koide Y, Oda K, Shimizu K, Shimizu A, Nabeshima I, Kimura
S, et al. Hyponatremia without inappropriate secretion of
vasopressin in a case of myxoedema coma. Endocrinol Jpn
1982; 29:363—8. doi: 10.1507/endocrj1954.29.363.

Ojamaa K, Balkman C, Klein IL. Acute effects of
triiodothyronine on arterial smooth muscle cells. Ann Thorac
Surg 1993; 56:561-7. doi: 10.1016/0003-4975(93)90556-W.

Mariani LH, Berns JS. The renal manifestations of thyroid
disease. ] Am Soc Nephrol 2012; 23:22—6. doi: 10.1681/
ASN.2010070766.

Goldberg M, Reivich M. Studies on the mechanism of
hyponatremia and impaired water excretion in myxedema.
Ann Intern Med 1962; 56:120-30. doi: 10.7326/0003-4819-56-
1-120.

McDonough AA, Brown TA, Horowitz B, Chiu R, Schlotter-
beck J, Bowen J, et al. Thyroid hormone coordinately regulates
NA+-K+-ATPase alpha- and beta-subunit mRNA levels in
kidney. Am ] Physiol 1988; 254:C323-9.

Macaron C, Famuyiwa O. Hyponatremia of hypothyroidism.
Appropriate suppression of antidiuretic hormone levels. Arch Intern
Med 1978; 138:820—2. doi: 10.1001/archinte.1978.03630290100035.

Kargili A, Turgut FH, Karakurt F, Kasapoglu B, Kanbay M,
Akcay A. A forgotten but important risk factor for severe
hyponatremia: Myxedema coma. Clinics (Sao Paulo) 2010;
65:447-8. doi: 10.1590/51807-59322010000400015.

| e211



31.

32.

33.

34.

The Controversies of Hyponatraemia in Hypothyroidism

Asami T, Uchiyama M. Sodium handling in congenitally
hypothyroid neonates. Acta Paediatr 2004; 93:22—4. doi:
10.1111/j.1651-2227.2004.tb00668 x.

Baajafer FS, Hammami MM, Mohamed GE. Prevalence and
severity of hyponatremia and hypercreatininemia in short-
term uncomplicated hypothyroidism. ] Endocrinol Invest 1999;
22:35-9. doi: 10.1007/BF03345476.

Warner MH, Holding S, Kilpatrick ES. The effect of newly
diagnosed hypothyroidism on serum sodium concentrations: A
retrospective study. Clin Endocrinol (Oxf) 2006; 64:598-9. doi:
10.1111/j.1365-2265.2006.02489.x.

Chelimsky G, Davis ID, Kliegman RM. Neonatal hyponatremia
associated with congenital hypothyroidism. Clin Pediatr (Phila)
1997; 36:177-80. doi: 10.1177/000992289703600310.

e212 |

35.

36.

37.

38.

hing the evidence

Biihler UK, Savary A, Krauer B, Stalder GR. Water intoxication
in a cretinoid infant. ] Clin Endocrinol Metab 1966; 26:111-6.
doi: 10.1210/jcem-26-1-111.

Robles-Valdés C, Ramirez Mayans JA, Alcdntara Lomeli JI.
Severe hyponatremia in congenital hypothyroidism. ] Pediatr
1979; 94: 631-2. doi: 10.1016/50022-3476(79)80037-2.

Gumieniak MD O, Farwell MD AP. Schmidt's syndrome and
severe hyponatremia: Report of an unusual case and review of
the related literature. Endocr Pract 2003; 9:384—-8. doi: 10.4158/
EP.9.5.384.

Sert M, Tetiker T, Kirim S, Kocak M. Clinical report of 28
patients with Sheehan's syndrome. Endocr J 2003; 50:297-301.
doi: 10.1507/endocr;j.50.297.



