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Abstract

BACKGROUND

Severe hyponatremia is considered a rare complication of pituitrin, which is
widely used for the treatment of pulmonary hemorrhage. However, the
management of pituitrin-associated hyponatremia can be challenging because a
rapid correction of hyponatremia may cause the development of osmotic
demyelination syndrome, resulting in life-threatening neurological injuries.

CASE SUMMARY

A 20-year-old Chinese man with massive hemoptysis developed symptomatic
hyponatremia (116 mmol/L) after therapy by a continuous intravenous drip of
pituitrin. To normalize his serum sodium, a hypertonic saline infusion was
applied for 3 d, and the pituitrin administration was stopped concurrently. Then,
an overly rapid increase in serum sodium level (18 mmol/L in 24 h) was detected
after treatment. One day later, the patient experienced a sudden onset of
generalized tonic-clonic seizures, as well as subsequent dysarthria and dystonia.
Magnetic resonance imaging revealed increased signal intensity in the bilateral
symmetric basal ganglia on the T2-weighted images, compatible with a diagnosis
of extrapontine myelinolysis. The patient received an intravenous administration
of high-dose corticosteroids, rehabilitation, and neurotrophic therapy. Finally, his
clinical abnormalities were vastly improved, and he was discharged with few
residual symptoms.

CONCLUSION

Physicians should be fully aware that pituitrin can cause profound hyponatremia
and its correction must be performed at a controlled rate to prevent the
development of osmotic demyelination syndrome.

Key words: Pituitrin; Hyponatremia; Extrapontine myelinolysis; Case report
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Core tip: Osmotic demyelination syndrome (ODS) is a devastating neurologic disorder
often associated with a precipitous rise in serum sodium. Here we describe a rare case of
extrapontine myelinolysis that developed after a rapid correction of symptomatic
hyponatremia induced by pituitrin to treat a patient with massive hemoptysis. Because
ODS is mainly an iatrogenic disease, effective prevention is mandatory. Through an
analysis of the previous literature, the risk factors, clinical characteristics, and outcomes
of vasopressin (pituitrin)-associated ODS are discussed in this article.

Citation: Fang LJ, Xu MW, Zhou JY, Pan ZJ. Extrapontine myelinolysis caused by rapid
correction of pituitrin-induced severe hyponatremia: A case report. World J Clin Cases 2020;
8(5): 946-953
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INTRODUCTION

Massive hemoptysis, representing a life-threatening condition of pulmonary
hemorrhage, always needs urgent management. Pituitrinl"*, extracted from the
posterior pituitary, comprises vasopressin and oxytocin and is widely used to treat
massive hemoptysis since vasopressin possesses a strong vasoconstriction ability. In
addition, vasopressin, also called antidiuretic hormone, has been shown to reduce
renal free water excretion, leading to dilutional hyponatremia.

The treatment of pituitrin-induced hyponatremia is quite challenging. On the one
hand, severe hyponatremia is often associated with cerebral edema, which causes
neurological symptoms ranging from nausea to seizures and even death; on the other
hand, an overly rapid correction of hyponatremia may cause abrupt osmotic
fluctuations and pose a high risk for osmotic demyelination syndrome (ODS). ODS,
first reported in alcoholic patients with malnutrition in 1959F], comprises central
pontine myelinolysis (CPM) and extrapontine myelinolysis (EPM) and is a
noninflammatory demyelinating disorder affecting the pons and other regions of the
central nervous system; it is characterized clinically by severe and often irreversible
neurological deterioration. To date, the underlying mechanism is not fully
understood, and the rapid correction of hyponatremia remains the most documented
etiologic factor for ODS. It has been suggested that rapid osmotic fluctuations and
osmotic-induced fluid shifts may cause cell shrinkage and apoptosis, disruption of the
blood-brain barrier, and injury to the myelin sheath, resulting in demyelination®°l.
Additionally, chronic alcoholism, malnutrition, liver transplantation, and other
chronic diseases have also been regarded as risk factors according to recent studies!‘l.

Here, we report a case of EPM following a rapid correction of pituitrin-induced
hyponatremia when treating a patient with massive hemoptysis. We review similar
cases reported in the PubMed database and summarize the clinical characteristics and
the underlying mechanism in this paper.

CASE PRESENTATION

Chief complaints

A 20-year-old Chinese man was initially admitted to the pulmonary department
complaining of repeated hemoptysis for more than one week. During hospitalization,
he developed symptomatic hyponatremia and experienced a generalized tonic-clonic
seizure, dysarthria, and dystonia after hyponatremia correction.

History of present illness

The patient’s hemoptysis started one week ago but worsened, and he coughed up
large amounts of bright red blood (approximately 150-200 mL) in the last 24 h. At the
local hospital, he received conventional therapy with aminomethylbenzoic acid and
antibiotics, which was ineffective. Then, he was transferred to our hospital for further
treatment. He was diagnosed with bronchiectasis 2 years ago, and he had similar
episodes in the past.
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To treat the massive hemoptysis, pituitrin (24 U in 40 mL saline) was administered
by intravenous drip continuously at a rate of 3-4 mL/h via a pump for a total of 5 d. In
addition, he was given oxygen and empirical antibiotic therapy. Electrolyte disorders
and his urine output were intensively monitored accordingly (Table 1). The
hemoptysis gradually decreased, but he exhibited severe nausea and vomiting after 3
d of pituitrin infusion. A biochemical assessment revealed significant hyponatremia
with a sodium level of 116 mmol/L, as well as a low serum osmolality of 248
mOsm/kg. We prescribed a daily infusion of 1.5% hypertonic saline (500-750 mL per
day) from day 3 to day 5. However, it failed to normalize the serum sodium level, and
the symptomatic hyponatremia sustained for more than 48 h. Meanwhile, his urine
output declined to 0.9 L per day.

On day 5, his serum sodium was 119 mmol/L. Then, we stopped pituitrin therapy
since we considered pituitrin to be the main cause of his severe hyponatremia. On day
6, the serum sodium level rose to 137 mmol/L [A(Na*) 18 mmol/L], accompanied by
an obviously elevated urine output from 0.9 L to 2.1 L. Unfortunately, on day 7, the
patient developed sudden-onset generalized tonic-clonic seizures. After the seizures
were controlled by intravenous diazepam, the neurological symptoms worsened over
the following days, presenting as severe dysarthria and movement disorders. He was
unable to speak, write, and walk. The changes of the patient’s serum sodium during
pituitrin treatment and correction of hyponatremia are shown in Figure 1.

History of past illness
The patient had a history of bronchiectasis for 2 years but had no other comorbid
conditions, such as alcoholism, malnutrition, hepatic cirrhosis, or renal insufficiency.

Personal and family history
The family history was unremarkable.

Physical examination

The vital signs after seizure cessation included a temperature of 37.2 °C, blood
pressure of 116/63 mmHg, heart rate of 85 beats per minute, respiratory rate of 20
breaths per minute, and oxygen saturation of 97% in room air. The neurological
examination revealed mildly disturbed consciousness and severe dysarthria, as well
as exaggerated muscular tone. The cranial nerve functions, muscle strength, and
sensation were all intact.

Laboratory examinations

A routine blood test revealed a white blood cell count of 11.3 x 10°/L with 67.4% of
neutrophils. The red blood cell and platelet counts were normal. The serum C-reactive
protein was slightly elevated at 1.0 mg/dL (normal range: < 0.8 mg/dL). The cerebral
spinal fluid test was normal. The electroencephalogram suggested medium,
nonspecific neurological dysfunction. Other laboratory data such as biochemistry,
electrolytes, thyroid function, tumor markers, and autoimmune profiles were within
the normal range. The electrocardiogram and transthoracic cardiac ultrasound were
within normal limits.

Imaging examinations

An initial imaging evaluation by head computed tomography presented normal
results. Magnetic resonance imaging (MRI) of the brain revealed increased signal
intensity in the bilateral symmetric basal ganglia on T2-weighted images and low
signal intensity on T1-weighted images (Figure 2).

FINAL DIAGNOSIS

After expert consultation by neurologists, the patient was diagnosed with EPM
caused by the rapid correction of pituitrin-induced severe hyponatremia.

TREATMENT

The patient was transferred to the neurology department and was mainly treated with
high-dose intravenous methylprednisolone, starting from 240 mg daily for 5 days,
tapering off slowly, and finally shifting to oral glucocorticoids. In addition,
rehabilitation and neurotrophic therapy were also introduced to treat EPM.
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Table 1 Trends of the patient's clinical and laboratory data

Day Serum K* (mmoliL) Serum Na* (mmol/L) Serum osmolality (mOsm/kg) 1.5% NaCl (mL) Urine output (L)
1 412 140 298 _ 21
2 410 132 284 _ 18
3 3.63 116 248 500 1.6
4 3.29 113 240 750 11
5 3.35 119 251 750 0.9
6 4.07 137 288 _ 21
7 3.80 141 299 _ 22
8 452 137 292 16

Serum osmolality = 2 (Na* + K*) + Glucose (mmol/L) + Blood urea nitrogen (mmol/L).

OUTCOME AND FOLLOW-UP

Approximately one week later, the patient began to speak and write simple words;
then, progressively, he was able to construct sentences. One month later, his speech
vastly improved, but his fluency was still slightly affected. Finally, this patient was
discharged with few residual symptoms. Follow-up brain MRI showed reduced signal
intensity in the affected regions, which correlated with clinical improvement.

DISCUSSION

Hyponatremia, defined as a plasma sodium level of less than 135 mmol/L, is the most
common electrolyte abnormality encountered in hospitalized patients, resulting from
a varied spectrum of conditions!’l. In this case, significant hyponatremia was detected
after an intravenous infusion of pituitrin to treat pulmonary hemorrhage. As there
was no history of syndromes that caused inappropriate antidiuretic hormone
secretion or adrenal insufficiency in this patient, we considered pituitrin to be
involved.

Arginine vasopressin in pituitrin is the main active component for the treatment of
various bleeding disorders!l. Vasopressin activates V1a receptors on vascular smooth
muscle to contribute to a strong contraction of the arterioles and capillaries. However,
its interaction with V2 receptors on renal collecting duct cells can exert antidiuretic
effects by stimulating the cyclic adenosine monophosphate signaling cascade, leading
to an increase in free water reabsorption and secondary dilutional hyponatremial. As
shown in our case, after pituitrin therapy, the patient's daily urine output declined
gradually, and his serum sodium fell to a low level of 116 mmol/L, accompanied by
severe nausea and vomiting.

The incidence of hyponatremia associated with vasopressin or its analogs (such as
terlipressin and desmopressin) varies greatly according to the type of patients
studied, ranging from less than 1% to more than 50%. In a retrospective study of 102
adult patients with septic shock who were given vasopressin therapy, only one
patient developed hyponatremial. Yim ef al”) reported a hyponatremia rate as high as
67% when terlipressin was used to treat variceal bleeding. Choi et all'! analyzed 172
nocturnal polyuria patients treated with desmopressin and revealed that 14% of the
patients developed hyponatremia, of whom 10% and 4% had mild (126-134 mmol/L)
and severe (< 125 mmol/L) hyponatremia, respectively.

Although generally safe, it has been reported that in some severe cases, vasopressin
or its analogs can reduce serum sodium to a much greater degree, resulting in cerebral
edema, seizures, and death!""’?l. The management of severe hyponatremia is complex.
Because, for severe patients (< 120 mmol/L), a sodium supplement is always needed
to avoid the onset of hyponatremic encephalopathy, but active correction of
hyponatremia may increase the risk for developing ODS.

ODS is a devastating neurologic disorder often associated with a precipitous rise in
serum sodium. CPM mainly involves the central pontine, and EPM classically affects
the thalamus, basal ganglia, or subcortical white matter. The difference in the location
of the lesions results in different clinical presentations that are commonly delayed for
2-7 d after rapid elevations in the serum sodium level, including dysarthria, dystonia,
behavioral disturbances, confusion, coma, and even death!®"l. Brain MRI has been
considered the gold standard imaging technique to reveal ODS lesions, which
typically present with hypointense T1-weighted and hyperintense T2-weighted
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Figure 1 Serum sodium levels of the patient after admission. The serum sodium gradually declined after the use of pituitrin. Hypertonic saline was administered
on day 3 until day 5. Pituitrin therapy was stopped on day 5, then a sharp increase in serum sodium level was detected on day 6, and neurological symptoms

appeared on the seventh day after admission.

signals.

Recommendations suggest that ideally, hyponatremia should be corrected by
limiting the sodium increase to no more than 8-10 mmol/L every 24 h"l. In this case,
progressive neurological injury occurred after a rapid increase in serum sodium from
119 to 137 mmol/L in 24 h. The imaging features of the brain MRI revealed a
hyperintense T2-weighted signal in the bilateral symmetric basal ganglia and were in
agreement with the diagnosis of EPM. We summarized several probable causes for a
significant increase in serum sodium in this patient. First, an excess of hypertonic
saline was transfused. Second, frequent electrolyte monitoring was absent during
restoration. Third, pituitrin was withheld abruptly rather than reduced gradually.

According to the guidelines, 100 mL of 3% saline infusion is suggested for severe
symptoms and can be repeated two or three times if needed”'!. Accordingly, the
serum sodium should be checked at least every 2 h to prevent vast fluctuations in
serum osmolality. In addition, care must be taken to avoid water diuresis by pituitrin
withdrawal that can cause overcorrection. Because the impaired free water excretion
was transitory, once the medication stopped, free water excretion could occur
unabatedly, and hyponatremia could resolve spontaneously. If the drug was stopped
abruptly, a rapid decline in the circulating exogenous antidiuretic hormone levels
could lead to the excretion of copious amounts of free water and put the patient at a
high risk of overly increasing serum sodium. In particular, when hypertonic saline
was also applied, the excessive supplementation of sodium could aggravate the rapid
correction of hyponatremia to a dangerous level.

Through a search of the literature, seven cases of ODS associated with vasopressin
or its analogs were found in the PubMed database!'"*'l. We review the reported cases
and summarize the clinical characteristics in Table 2. Briefly, including our case, the
mean age of these eight patients was 29.1 years (ranging from 13 to 69 years), with
five adolescents younger than 25 years. Pituitrin was prescribed in two patients with
massive hemoptysis, and terlipressin was prescribed in one patient with
gastrointestinal bleeding. Desmopressin was used in four patients who had central
diabetes insipidus. An increase in serum sodium of more than 10 mmol/L in 24 h was
observed in seven (87.5%) patients. Only one patient who had a steady decline in his
serum sodium level (less than 8 mmol/L per day) developed CPM 25 d after
admission””'l. Six (75%) patients had a definite history of drug discontinuation and
administration of hypertonic saline. This result suggested that young patients who
were provided with hypertonic saline and rapid drug discontinuation were
particularly predisposed to an overly rapid correction of their serum sodium levels.
Additionally, another study that included 15 patients with desmopressin-associated
hyponatremia showed that 13 patients with an average age of 32.5 years who were
treated with hypertonic saline and discontinued desmopressin during hyponatremia
correction developed significant morbidity (77%) and mortality (23%) compared to
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Figure 2 Brain magnetic resonance imaging during hospitalization. A: Initial brain magnetic resonance imaging (MRI) obtained 3 d after neurological
deterioration displayed low signal intensity in the bilateral symmetric basal ganglia (the white arrows) on the axial T1-weighted MRI; B: High signal intensity (the white
arrows) on the axial T2-weighted images; C: No lesion in the pons; D-F: Follow-up brain MRI performed one month after treatment. E: Compared to the previous brain
MRI, a markedly decreased signal was observed on the T2-weighted image, indicating a significant improvement.

the control group!. This finding also indicated that cessation in a gradual manner
may prevent fatal neurological injury when symptomatic patients were administered
hypertonic saline.

Concerning the treatment for ODS, supportive therapy should be provided to all
patients. Some animal studies and limited case reports have shown that re-lowering
the sodium at an early stage may help prevent ODS™*. Chang et al*} applied plasma
exchange to successfully treat a case of CPM caused by acute hypernatremia.
Glucocorticoid treatment is also suggested. In animal experiments, early
dexamethasone treatment can exert a preventive effect on ODS by reducing the
disruption of the blood-brain barrier*. High-dose intravenous methylprednisolone
achieved success in the current case. In these seven reported cases, five patients
recovered after treatment, and two patients died. Nevertheless, there are still no
proven definite and effective therapies for ODS, so its prevention is quite essential.

CONCLUSION

We report a rare case of EPM following the rapid correction of pituitrin-induced
hyponatremia. Physicians should be fully aware that the correction of hyponatremia
must be performed at a controlled rate. In addition, this case provides a strong
warning that hypertonic saline might be a high-risk medication and may require
additional precautions when applied to treat pituitrin-induced severe hyponatremia.
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Table 2 Clinical characteristics of central pontine myelinolysis and/or extrapontine myelinolysis associated with vasopressin or its

analogs
Hypona-
ot Treatment  tremia Neuro-
Original . . . Therapy for
Ref. Agelsex Drug . of hypona- improve- Lesions logical Outcome
disease . . 0DS
tremia ment presentation
(mmollL)

Niehauset  16/F Antidiuretic ~ Nocturnal Discontinued 10in 24 h (128 EPM, CPM Conscious Prednisolone Recovery
al™, 2001 hormone enuresis drug + to 138) disturbance

hypertonic

saline
Gutenstein!'® 39/F Desmopressin Hypopituitar ~Saline 38in 48 h (103 EPM, CPM Dysarthria, ~ NA Death
1, 2007 y to 141) hemiplegia,

seizures

Ranger et 13/M Desmopressin Central DI NA 60in48 h (116 EPM,CPM  Coma NA Death
al™1, 2010 to 176)
Solaetal”® NA Terlipressin ~ Gastrointestin Discontinued 19in24 h (109 ODS, Seizures, NA Recovery
2010 al bleeding drug + to 128) coma

hypertonic

saline
Zhuanget  24/F Pituitrin Hemoptysis  Discontinued 16in24 h (118 EPM Dysarthria, Corticosteroid Recovery
all', 2014 drug + to 134) quadriparesis,

hypertonic dystonia

saline
Nabaei et 23/F Desmopressin Central DI Discontinued 40in 24 h (126 EPM, CPM Quadriparesis NA Severe brain
ulm], 2015 drug + t0166) , dysarthria, damage

hypertonic dysphagia

saline
Hossainet  69/M Desmopressin Central DI Discontinued Less than 8in CPM NA NA Recovery
al?, 2018 drug + 24h

hypertonic

saline

DI: Diabetes insipidus; M: Male; F: Female; NA: Not available; CPM: Central pontine myelinolysis; EPM: Extrapontine myelinolysis; ODS: Osmotic
demyelination syndrome.
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