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This case study describes a middle-aged male patient who developed persistent

hypernatremia due to central diabetes insipidus (CDI), presenting with polyuria

(up to 8.5 L/24 h), polydipsia, and hypotonic urine (urine specific gravity < 1.005).

A positive response to the desmopressin test confirmed the diagnosis of

CDI. The excessive loss of body water led to a peak serum sodium level of

195 mmol/L, resulting in Osmotic demyelination syndrome (ODS), clinically

manifesting as sluggish responses and symmetrical limb paralysis. The patient

was treated with hypotonic fluid replacement combined with desmopressin

while ensuring a controlled reduction in serum sodium levels (≤10 mmol/L

within 24 h). As a result, as serum sodium and urine output gradually normalized,

the patient’s consciousness and limb strength progressively recovered. This

case highlights the risk of ODS in patients with severe hypernatremia caused

by CDI. A slow and controlled correction of serum sodium levels is crucial in

preventing cerebral edema, and early rehabilitation plays a vital role in improving

neurological outcomes.
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Introduction

Hypernatremia is a severe electrolyte disturbance in the Intensive Care Unit (ICU),
associated with a high mortality rate (40%–60%) (1). Acute hypernatremia can lead to
neurological complications, including seizures, hypertonia, and altered consciousness,
with serum osmolality likely being the most significant factor (2). A common cause of
hypernatremia associated with acute encephalopathy is central diabetes insipidus (CDI),
a disorder resulting from either insufficient secretion or impaired action of antidiuretic
hormone (ADH). The severity of polyuria correlates with the extent of neuronal damage;
complete destruction results in total CDI and severe polyuria, while partial damage with
some residual AVP secretion leads to partial CDI with less severe polyuria (3). Diagnosing
CDI is notably complex (3). Given its rarity, with an estimated incidence of 1 in 25,000
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(4), emphasizing the need for well-defined diagnostic protocols
grounded in reliable and accessible research. Advances in
laboratory methods have improved the accuracy of these protocols
(5), yet the final diagnosis requires a synthesis of clinical, laboratory,
and radiological data. Previous case series have reported that
25%–50% of CDI cases are idiopathic (6). In cases where the
etiology is unclear, treatment is primarily focused on alleviating
symptoms and managing the patient’s fluid and electrolyte
balance. The therapeutic aim is to reduce urine output, increase
urine concentration, and maintain adequate hydration. Correcting
hypernatremia, particularly when it has been present for some time,
demands careful balance; overly rapid correction may result in
severe, potentially irreversible brain damage. Therefore, dynamic
monitoring of serum sodium levels is critical. In most instances,
dynamic testing of the AVP–renal axis is necessary. Further
imaging, such as MRI of the sella turcica and suprasellar region,
is required to determine the underlying cause (7).

Osmotic demyelination syndrome (ODS) is a central nervous
system disorder characterized by symmetrical demyelination at
the brainstem base without inflammation (8), often linked to
chronic alcoholism and disturbances in electrolytes, particularly
when hyponatremia is corrected too rapidly (9). The underlying
mechanism of ODS involves neuronal dehydration due to rapid
osmotic shifts, leading to oligodendrocyte damage and myelin
dissolution (10). Though cases of ODS in conjunction with CDI
are infrequent, they have been documented, including occurrences
of CDI and ODS resulting from lymphocytic hypophysitis (11), as
well as renal diabetes insipidus induced by hypokalemia leading
to ODS (12). Additionally, there are reports of CDI-related ODS
occurring after pregnancy, the postpartum period, and in cases
of alcohol-induced hyponatremia (13, 14). In this case report, we
present a patient with polyuria due to CDI, who developed ODS
as a result of rapid sodium elevation caused by excessive fluid loss
without timely rehydration. Through controlled fluid replacement
and gradual sodium correction, the patient achieved a favorable
outcome.

Case report

A 41-year-old male was admitted to our hospital with a 3-
month history of dry mouth and polyuria. A water deprivation
test demonstrated that urine output did not decrease after fluid
restriction but significantly decreased following desmopressin
administration, with a corresponding increase in urine osmolality.
Plasma ADH levels were found to be low. At that time, his sodium,
cortisol, and pituitary-related hormone levels were within normal
limits, though his sodium was at the upper end of the normal
range (144 mmol/L). His medical history included hypertension
and a previous tonsillectomy. Upon admission, he had a fever,
and elevated white blood cell count. Clinical and radiological
assessments confirmed the presence of a pulmonary abscess. His
serum sodium level upon admission was 147.79 mmol/L (reference
range: 137–147 mmol/L), while his potassium level was low at
3 mmol/L (reference range: 3.5–4.5 mmol/L). He presented with
symptoms of hypotonic polyuria and polydipsia, with significantly
increased fluid output, reaching a maximum urine output of
8000 ml per day. A diagnosis of CDI was established made,

based on a positive water deprivation-desmopressin test, low
urine specific gravity (1.005), urine sodium of 8.2 mmol/24 h
(reference range: 130–147 mmol/24 h), and urine potassium
of 7.72 mmol/24 h (reference range: 25–100 mmol/24 h).
Additionally, MRI revealed the absence of the normal high
signal in the posterior pituitary. His sodium levels rapidly rose,
increasing by 16 mmol/L within 48 h, peaking at 195 mmol/L.
During the first 2 weeks of hospitalization, the patient experienced
polyuria without excessive intravenous fluid supplementation,
leading to a hypernatremic crisis and increased urine osmolality.
Subsequently, the patient developed delirium, slow response, and
limb muscle weakness. Brain MRI revealed thickening of the
pituitary stalk, blurring of the posterior pituitary signal, and
central pontine demyelination (Figure 1), while cerebrospinal
fluid (CSF) analysis was unremarkable, confirming the diagnosis
of ODS. During the gradual correction of hypernatremia, urine
sodium osmolality progressively decreased, and serum sodium
levels returned to normal. The patient had no history of lithium
use. Figure 2 illustrates the trends in the patient’s serum sodium
levels, fluid balance, and osmolality changes. Additionally, the
patient developed numerous red papules on the back. However,
skin biopsy of the rash revealed no significant pathological
findings, ruling out Langerhans cell histiocytosis (LCH). His
cortisol levels were mildly elevated at 447.98 ng/ml (reference
range: 42.6–248.5 ng/ml), with decreased ADH ( < 1.4 pmol/L),
and normal levels of adrenocorticotropic hormone (ACTH), sex
hormones, aldosterone, and thyroid hormones (Supplementary
Table 1). Immunological tests, including antinuclear antibodies and
antineutrophil cytoplasmic antibodies, were negative. The patient’s
lung abscess was caused by Parvimonas micra infection.

The water deficit was calculated using the formula:
Water deficit= CBW× (140–plasm [Na+])−1

Where cell body water (CBW) represents total body water,
which in young males is typically approximately 60% of lean body
weight (15). The patient was administered intravenous infusions
of 5% glucose solution and 0.2% sodium chloride solution, along
with oral desmopressin (0.05 mg per dose, twice daily) to reduce
renal water excretion. The infusion rate was carefully adjusted to
ensure that the rate of serum sodium reduction did not exceed
10 mmol/L per 24 h (16). Additionally, acupuncture, massage
therapy, and both active and passive rehabilitation exercises were
implemented to facilitate neurological recovery and improve limb
strength. One month after discharge, follow-up showed resolution
of the pulmonary abscess, normalized blood sodium levels, and
no remaining neurological deficits. The patient’s pituitary and
hypothalamic hormones, while detailed changes in blood sodium,
fluid balance, urinary sodium, and urine osmolality are presented
in Supplementary Table 2.

Discussion

Central diabetes insipidus is characterized by a deficiency of
ADH, resulting in hypotonic polyuria and polydipsia. This patient
presented with persistent polyuria, elevated serum sodium levels,
and a positive water deprivation-desmopressin test, leading to a
definitive diagnosis of CDI. Given the absence of a history of
head trauma, neurosurgical procedures, or lithium use, secondary
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FIGURE 1

Neuroimaging studies of the patient. (Left panel) Presents an axial brain MRI: demyelinating lesions are evident in a symmetrical pattern within the
central pons. (Right panel) Illustrates a sagittal brain MRI: the pituitary stalk is thickened to 6.8 mm, with the absence of the posterior pituitary bright
signal.

FIGURE 2

Trends in serum and urinary electrolytes, as well as fluid balance changes during hospitalization.

causes of CDI were considered, including inflammatory, neoplastic,
infiltrative, and infectious conditions affecting the hypothalamic-
pituitary axis (6). Among these, lymphocytic hypophysitis,
LCH, germinoma, and tuberculosis can present with pituitary
stalk thickening and loss of posterior pituitary signal on MRI
(17). Lymphocytic hypophysitis is an autoimmune disorder
characterized by lymphocytic infiltration of the pituitary gland
and is frequently associated with other autoimmune diseases. It
typically presents with pituitary insufficiency and, while it can
lead to CDI, secondary adrenal insufficiency and anterior pituitary
hormone deficiencies are also common (18). In the present case,

the patient exhibited normal levels of ACTH, thyroid hormones,
and sex hormones, with negative autoimmune markers, making
lymphocytic hypophysitis an unlikely diagnosis. Furthermore, the
patient’s Gutenberg score was −5, indicating a low probability
of pituitary carcinoma (19). Another key differential diagnosis
is LCH, which commonly manifests as pituitary stalk thickening
and CDI, often accompanied by systemic involvement, including
skeletal lesions, skin rash, and pulmonary nodules (20). However,
a skin biopsy revealed no evidence of Langerhans cell infiltration,
with immunohistochemical staining for CD1a and CD20 yielding
negative results. Additionally, the patient exhibited no osteolytic
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bone lesions or hepatosplenomegaly, making LCH an unlikely
diagnosis. Germ cell tumors can cause isolated CDI with
progressive pituitary stalk thickening and are typically diagnosed
based on elevated tumor markers in CSF (21), However, in this
case, CSF analysis showed no abnormalities, and no significant
lesions were detected in the pineal or suprasellar regions, further
minimizing the likelihood of CDI.

A key challenge in this case was severe hypernatremia resulting
from excessive free water loss. The patient exhibited polyuria and
polydipsia but did not receive intravenous fluid supplementation,
leading to a rapid rise in serum sodium due to the excretion of large
amounts of hypotonic urine. Consequently, the patient developed
neurological symptoms, including delirium, lethargy, and muscle
weakness. Hypernatremia induces a hyperosmolar state in brain
cells, resulting in cellular dehydration and shrinkage, blood-brain
barrier disruption, and endothelial junction impairment (22).
ODS is a severe demyelinating disorder typically associated with
rapid fluctuations in serum osmolality, usually occurring 2–7 days
after electrolyte disturbances (23). While ODS is most commonly
linked to the rapid correction of chronic hyponatremia, cases
associated with hypernatremia have also been reported (24). The
correction of hypernatremia in CDI and ODS must be carefully
managed to prevent complications such as cerebral edema and
seizures. In patients at risk for ODS, proactive preventive and
reactive strategies should be implemented, including the early
administration of desmopressin. If overcorrection occurs, serum
sodium levels should be reduced using D5W. Although there is no
clear evidence supporting the benefit of osmolar reduction beyond
24 h after ODS symptom onset, clinicians may consider attempting
osmolar reduction in such cases. Guidelines recommend that
the reduction in serum sodium should not exceed 12 mEq/L
within the first 24 h of hypernatremia correction, with sodium
levels monitored every 2–4 h. If seizures occur, hypotonic fluid
administration should be discontinued (25).

For patients with severe neurological impairment,
supportive therapy remains essential for survival. Additionally,
immunomodulatory treatments, including thyrotropin-releasing
hormone, intravenous immunoglobulin, plasmapheresis, and
corticosteroids, have been proposed as potential interventions
for ODS (26, 27). While early induction of hyponatremia has
shown benefits in animal models of ODS, clinical evidence remains
limited (28). Furthermore, studies suggest that minocycline may
exert anti-inflammatory and anti-apoptotic effects in preventing
the progression of acute sodium fluctuations to ODS (29). The
pathophysiology of ODS may be linked to glial cell apoptosis and
severe blood-brain barrier disruption, with a reported long-term
neurological mortality rate of approximately 31% (30). In this
case, the patient’s favorable prognosis highlights the potential
reversibility of acute ODS with timely sodium correction. Long-
term follow-up is crucial, as CDI patients require continuous
monitoring of pituitary function, electrolyte balance, and potential
complications. The prognosis of ODS is associated with meticulous
electrolyte and fluid management, as well as timely imaging
surveillance, with studies indicating favorable outcomes for up
to 4 years post-diagnosis (31). As of the latest follow-up, the
patient’s urine output and serum sodium levels remain within
the normal range.

This case underscores the importance of identifying the
etiology of CDI in the context of hypernatremia and highlights

the risks associated with sodium imbalance. Despite controlled
sodium correction, the patient developed ODS, raising concerns
about the brain’s vulnerability to osmotic fluctuations in a
hypernatremic state. The successful resolution of CDI and
neurological complications through appropriate fluid management
and rehabilitation emphasizes the necessity of a multidisciplinary
approach in managing such complex cases. Further research into
optimal treatment strategies for CDI and hypernatremia may
contribute to improved long-term outcomes and the minimization
of neurological risks.

Conclusion

This case highlights the severe challenges associated with
hypernatremia in CDI due to fluid loss, particularly under
hyperosmolar conditions. Early recognition and correction of ODS
are crucial for prognosis. The case underscores the importance
of cautiously correcting sodium levels, as even controlled
reduction of hypernatremia may not entirely prevent neurological
complications. A multidisciplinary management approach
facilitated the patient’s recovery, incorporating meticulous fluid
and electrolyte correction, desmopressin administration, and
rehabilitative therapy.
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